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Abstract

ABSTRACT
With advancing age, the musculoskeletal system undergoes a number of physical and
physiological changes. These changes may manifest as loss in bone mass, muscle
strength and physical function, thus increasing susceptibility to falls, fractures,
disability, and osteoporosis. Multiple factors contribute to musculoskeletal decline,
including modifiable factors such as dietary intake, physical activity and other
lifestyle related factors.

More specifically, observational evidence suggests that

increased fruit and vegetable consumption may be associated with improved
musculoskeletal health. However, there is a lack of direct evidence to support this
concept. Of the intervention studies undertaken to date, the results have generally
been inconsistent with some demonstrating beneficial effects of fruit and vegetables
on musculoskeletal health and others showing no effect. Furthermore, this specific
hypothesis has not yet been fully tested in intervention studies involving free living
older men and women. The overall aim of the thesis was therefore to examine the
effects of increased FV consumption on musculoskeletal health among adults aged
65 years and above.

In order for a fruit and vegetable intervention to ultimately be effective in public
health terms, it is imperative to firstly understand the barriers associated with
increased fruit and vegetable consumption.

Chapter 3 of the thesis provides an

overview of barriers to fruit and vegetable consumption in older adults. The findings
suggest that in order to improve fruit and vegetable consumption in older adults,
strategies need to predominantly focus on increasing knowledge, awareness and
consumption of a broader range of fruit and vegetables, including fruit and vegetable
products and dishes, in order to increase liking; increasing knowledge and awareness
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of current recommendations and the benefits of fruit and vegetables for health and
well-being; raising awareness regarding current inadequate intakes of fruit and
increasing motivation and willingness to change. The effect of participating in a fruit
and vegetable intervention study (methods described below) on barriers to change
was also investigated. Older adults reported a greater liking of FV after participating
in the intervention regardless of group allocation. Participants in the intervention
group (consuming 5 portions of fruit and vegetables/day) also reported greater ease
of consumption and awareness at the end of the 16 week intervention.

In order to examine the effect of increased fruit and vegetable consumption on
clinically relevant measures of musculoskeletal health in older adults, a 16 week
parallel group randomized controlled intervention study was undertaken. Eightythree healthy free living participants aged 65 - 85 years, habitually consuming less
than 2 portions of fruit and vegetables per day, were randomised to either continue
with their normal diet (S 2 portions/day), or to consume at least 5 portions of fruit
and vegetables per day for 16 weeks. Fruit and vegetables were delivered to all
participants each week, free of charge. Compliance was assessed in two ways: by 7day diet history and by measuring a panel of biochemical markers of nutrient status.
Biochemical bone markers (osteocalcin and CTX) were measured in serum by
ELISA. Barriers to fruit and vegetable consumption were assessed by questionnaire.
Muscle strength was assessed by dynamometry, while lower extremity physical
function was assessed using a Short Physical Performance Battery. Physical activity
was measured by accelerometry and self-report questionnaire.
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Eighty two participants completed the intervention. Self reported intakes of fruit and
vegetable increased significantly in both groups.

This was also reflected with

significantly larger increases in vitamin C, lutein, zeaxanthin, p-cryptoxanthin,
lycopene and folate in the 5 portions/day group compared to the 2 portions/day
group. Between group comparisons revealed no significant differences in change in
bone marker status or physical function between the two intervention groups.
However, there was a trend towards a greater change in grip strength in those
consuming 5 portions per day compared to those consuming 2 portions per day.

The thesis also explored cross-sectional associations between nutrient intake,
physical activity and musculoskeletal health at baseline in the intervention study
participants. Fruit and vegetable intake showed a significant inverse association with
CTX after adjusting for confounding factors, although no association was evident
with QC.

Folate, vitamin B 12 , potassium and dietary fibre were also inversely

associated with CTX. No consistent associations were evident between fruit and
vegetable intake and grip strength, physical function or physical activity.

In conclusion, increased fruit and vegetable consumption over a period of 16 weeks
had no effect on bone marker status or physical function in healthy older adults,
although barriers to fruit and vegetable consumption were reduced by participation in
the study. Further larger intervention studies of longer duration are warranted in
order to establish whether or not long term consumption of fruit and vegetables can
have a beneficial effect on musculoskeletal health.
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Summary
SUMMARY
Chapter one provides an overview of the literature in relation to the ageing process
and the associated changes in musculoskeletal health. It also explores the evidence
regarding the role of the two main modifiable factors, diet and physical activity, on
musculoskeletal health.

Chapter two describes methods which are common to chapters 4, 5, 6 and 7: the
study design and intervention; data collection techniques; assessment of habitual
diet; assessment of physical activity, physical function and muscle strength; blood
sampling; and laboratory techniques including bone markers.

Chapter three presents an analysis of barriers to fruit and vegetable consumption in
older adults.

This chapter also examines whether participation in a fruit and

vegetable intervention alters barriers to increasing fruit and vegetable consumption

Chapter four presents baseline data and provides a cross-sectional analysis of fruit
and vegetable intake, nutrient intake, nutrient status, particularly carotenoids, and
bone markers in older adults. Non-dietary related factors such as inflammatory and
oxidative stress markers, blood pressure and lipid profile are also included. This
chapter also examines the association between estimated NEAP and bone markers.

Chapter five examines the effects of a randomized fruit and vegetable intervention (~
5 portions/day versus

~

2 portions/day) in healthy older adults over a period of 16

weeks on measures of bone markers, antioxidant status, nutrient intake and markers
of inflammation, oxidative stress and lipids.
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Chapter six presents baseline data and provides a cross-sectional analysis of physical
performance, muscle strength and physical activity in older adults. It also examines
the association between diet and muscle strength and physical function in older
adults.

This chapter also compares two different methods for assessing habitual

physical activity levels: seven day self report questionnaire versus seven day
accelerometer.

Chapter seven examines the effects of a randomized fruit and vegetable intervention
(~

5 portions/day versus

~

2 portions/day) in healthy older adults over a period of 16

weeks on measures of physical performance and muscle strength.

Chapter eight provides a general discussion of key outcomes from this research,
limitations and strengths of the research and concluding remarks based on the main
body of the thesis.
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1.1

THE AGEING POPULATION

Older people represent the most rapidly growmg age group worldwide (World
Health Organisation (WHO), 2002). Over the past 200 years, life expectancy has
doubled in the United Kingdom (UK) (House of Lords, 2005) and it is estimated that
by 2033, 23% of the population will be over the age of65 (National Statistics Office,
2007, Figure 1.1). In Northern Ireland (NI) by 2041, the number of people aged
over 65 will have doubled (NI Statistics and Research Agency (NISRA), 2007).

Percentages
100

.,--- _

80

60

40
20

2008

1983

• under 16

. 16-64

. 65-84

2033
. 85 and over

Figure 1.1: UK population estimates by age for years 1983, 2008 and 2033 .
Source: www.statistics.gov.uk/ccilnugget.asp?ID=949.
(National Statistics Office, 2007. Accessed June 2009).

While the trend towards greater life expectancy is positive, this demographic change
also has a profound impact, on both individuals and society, particularly the public
health sector. An ageing population is accompanied by deterioration in health, with
increased chronic disease risk, including musculoskeletal conditions such as arthritis
and osteoporosis, cardiovascular disease (CVD) and dementia, decreased functional
ability and increased susceptibility to infection.
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1.2

BIOLOGY AND MECHANISMS OF AGEING

The progressive increase in the proportion of individuals over 60 years of age has led
to heightened awareness of their physiological needs (Dorshkind et al. 2009).
Ageing is not a disease: it is an integral developmental process (Henry et al. 2000).
The ageing process encompasses a change in body composition, physical strength
and physiological functioning (Stanner & Denny 2009). In addition, the processes
within the endocrine system also become altered (Lamberts et al. 1997) and this can
have an adverse effect on many physiological processes including metabolism,
thermoregulation, digestive processes, muscle and nerve activity and bone density
(Lamberts et al. 1997).

Oxidative stress is thought to feature in the aetiology of ageing as a result of a
lifelong accumulation of reactive oxygen species (ROS) (Finkel & Holbrook 2000;
Knight, 2000). Oxidative stress occurs as a result of an imbalance between increased
free radical exposure and a decrease in the body's intracellular antioxidant defence
system (Finkel & Holbrook 2000).

These free radicals can be generated from

endogenous sources such as mitochondria or exogenous sources such as smoke and
other environmental toxins (Finkel & Holbrook 2000).

Inflammatory processes may also be involved in the ageing process (Knight, 2000).
Inflammation is the body's integrated reaction and defence mechanism against
homeostatic disturbances such as infection and injury.

It is thought that ROS

activate an inflammatory response which results in elevated levels of circulating
inflammatory cytokines or markers such as C-reactive protein (CRP), interleukin-6
(IL-6) and tumour necrosis factor alpha (TNF-a).

These cytokines have a wide
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spectrum of activity in relation to immunoregulation and tissue homeostasis, and are
also involved in bone and muscle tissue turnover.

1.3

AGE-RELATED CHANGES IN BONE

Ageing involves many physiological changes, including deterioration in the
structural integrity of the skeleton. Skeletal changes occur as a result of changes in
the rate of bone formation and absorption throughout life (Figure 1.2). Bone health
in later life is highly dependent on three key factors: i) acquiring an optimum level of
bone mineral density (BMD) in childhood/early adulthood, ii) maintaining these
levels throughout adulthood and iii) reducing the rate of bone loss in later life
(Weaver, 2000).

These factors are of prime importance in prolonging skeletal

adequacy and reducing risk of skeletal fragility in later life. During the first three
decades of life, bone formation exceeds that of bone resorption, with most of the
increase in BMD occurring between the ages of 11 and 15 years (Bonjour et al.
1991). Peak bone mass is usually attained by the end of the third decade of life, after
which bone mass remains relatively stable with bone formation more or less equal to
that of bone resorption. However, from about the fourth decade, an increase in bone
turnover and bone remodelling occurs, with the rate of bone resorption exceeding
that of bone formation, resulting in a gradual decline in bone mass (Dawson-Hughes,
1996). This loss of bone is particularly exaggerated in women during the menopause
(Riis et al. 1996). During menopause, females can lose up to 15% of their bone
mass (Riggs & Melton 1986).

In addition, it is thought that women have an

increased incidence of fracture due to smaller bones (Riis et al. 1996). After the age
of 65 years, both males and females lose bone mass at the rate of 1% per year
(Dawson-Hughes, 1996).

Bone is under the continual influence of genetic,
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endocrine, mechanical and nutritional factors (McGuigan et al. 2002). Bone loss is
exacerbated and more pronounced in older adults due to a decline in physical activity
(P A) levels with age. Loss of muscle mass further exacerbates bone loss as there is
less weight-bearing force on the bones.
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1.3.1

Bone Structure

The human skeleton is made up of 206 individual bones which act as a support
system against gravity, provide protection for major internal organs and tissues, and
act as a reflex system for muscular movement. Bone is a connective tissue that is
primarily formed by bone cells, organic matrix and inorganic minerals.

1.3.1.1 Bone cells

Three types of bone cells are responsible for maintaining bone turnover:- osteoblasts,
osteocytes and osteoclasts.

Osteoblasts are responsible for bone formation through the synthesis of new bone
collagen and matrix proteins. They are responsible for filling up the cavities caused
by resorption. Osteoblast activity is enhanced by mechanical stress as a result of
weight bearing activity. Osteocytes are basically 'old' osteoblasts that are entombed
within the bone matrix (Nesbitt & Horton 1997). They are the most abundant bone
cell, accounting for more than 90% of the bone cells found in mature bone (Lane &
Yao 2009).

The role of the osteoclast is to remove old bone (bone resorption),

degrading bone mineral and catabolising the bone matrix contents by secreting acids
and lysosomal enzymes (Nesbitt & Horton 1997). Together, these three types of
bone cells form a large complex network which efficiently co-ordinate bone
formation and bone resorption and form what is called the basic multicellular unit
(BMU) (Lane & Yao 2009).

The ongoing renewal of bone is essential for

maintaining skeletal size and bone strength and it also provides a mechanism for
bone repair (de Villiers, 2009).
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1.3.1.2 Organic matrix

The organic matrix of bone is mainly composed of a combination of type 1 collagen
fibres which account for approximately 90% of its total protein content.

Other

proteins, including glycoproteins, proteoglycans, osteocalcin and osteonectin account
for the remaining 10%. The purpose of the organic collagen fibres is to resist tension
and contribute to the bone's elasticity and flexibility.

1.3.1.3 Inorganic mineral

The inorganic component of bone is composed of the alkaline minerals calcium,
phosphate and carbonate (in the ratio 10:6:1) in the form of hydroxyapatite.

In

contrast to the organic matrix, the role of the inorganic element of bone tissue is to
provide the strength and therefore enables the bone to resist compression. Up to 80%
of bone strength is determined by the inorganic matrix (Einhorn, 1992).

The action of bone cells, orgamc matrix and inorganic mineral results in the
formation of two types of bone tissue: cortical bone and trabecular bone, both of
which differ in structure and function. In a healthy adult, cortical bone accounts for
approximately 80% of total bone mass while the trabecular (or 'spongy') bone
contributes 20 - 25% of total skeletal mass. Cortical bone is a densely compacted
tissue and its principal function is mechanical and protective. Trabecular bone has a
greater surface area: volume ratio than cortical bone and fulfils mainly a metabolic
role (Baron, 1996).

The cortical bone primarily makes up the appendicular or

peripheral skeletal mass whereas the trabecular bone is more abundant in the central
or axial skeletal mass.
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1.3.2

Bone Turnover

Throughout adulthood, skeletal repair and renewal is a continuous process. Bone
density is controlled by a negative feedback loop which regulates the co-ordinated
re sorption and formation of new bone. Bone turnover is essential for maintaining
skeletal integrity and calcium homeostasis and involves the processes of modelling
and remodelling.

The cellular mechanisms of modelling (construction) and

remodelling (reconstruction) are responsible for bone adaptation. Modelling results
in addition of new bone and therefore modifies the shape and size of the bone. Bone
remodelling occurs throughout life by a process involving two opposing activities:
resorption of old bone by osteoclast activity and formation of new bone by osteoblast
activity and hence allows self-repair, for example, after a fracture and adaptation to
stress, thereby maintaining the mechanical properties and integrity of the bone by
preventing micro-damage and sustaining the metabolic role of the bone. Figure 1.3
illustrates the bone remodelling process. Bone resorption by osteoclast activity takes
approximately 7 - 10 days while bone formation by osteoblast activity takes 2 - 3
months (Swaminathan, 2001; Eastell & Hannon, 2008).

Under ideal circumstances, bone resorption should equal bone formation thus
maintaining a relatively stable bone mass.

However, if strains are excessive, an

imbalance will occur between osteoclast and osteoblast activity, with resorption
exceeding formation, resulting in net bone loss (Baron, 1996).

Both ageing and

oestrogen deficiency (in females) further exacerbate the imbalance between
osteoclast and osteoblast activity by prolonging osteoclast longevity and thus
increasing the rate of remodelling and bone resorption (Seeman & Delmas 2006).
This alters the bone microarchitecture by causing buckling and perforation of both
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trabecular and cortical bone (Eastell & Hannon 2008).

The accelerated bone

turnover results in bone cavities which are exposed to micro-damage leading to loss
of bone mineral density, decreased cortical thickness, increased cortical porosity and
loss of interconnectivity of trabecular bone (de Villiers, 2009). These detrimental
changes in the bone architecture lead to decreased bone strength thus predisposing a
person to increased risk of fracture (de Villiers, 2009). This degenerative loss of
bone can also result in the bones becoming porous like, a characteristic feature of the
condition known as osteoporosis.

New Iming

cells

New

bon~

New
oSleocyl~s

--Oldbon"

Figure 1.3: Bone Remodelling Cycle on a Trabecula (Taken from Seeman & Delmas
2006)
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1.3.3

Osteoporosis

Osteoporosis is a complex multi-factorial disease of bone metabolism. It is defined
by the World Health Organisation (WHO) (1994) as "a disease characterised by low
bone mass and micro-architectural deterioration of bone tissue leading to enhanced
bone fragility and a consequent increase in fracture risk".

Fractures related to

osteoporosis are a major public health problem worldwide with huge social and
financial consequences. In the UK alone, 1 in 2 women and 1 in 5 men will suffer a
fracture after the age of 50 (van Staa et al. 2001). As the average age of the world's
population continues to rise, it is expected that these figures will also show an
upward trend. It has also been estimated that approximately 6% of men and 21 % of
women aged 50 - 84 years suffer from osteoporosis (Kanis et al. 2007). In the UK, it
has been estimated that the cost of treating osteoporotic fractures in postmenopausal
women alone will exceed £2 billion by 2020 (Burge, 2001). Ultimately, this will put
increased economic burden on the National Health Service (NHS) as well as causing
chronic pain, reduced mobility, disability and loss of independence to many
individuals (Lips et al. 1999).

1.3.3.1

Treatment of osteoporosis

Treatment of osteoporosis has mainly been through the use of calcium and vitamin D
supplements in combination with potent drugs which includes bisphosphonates
(namely Alendronate and Risedronate), strontium ranelate, selective oestrogen
receptor modulators (namely Raloxifene), hormone replacement therapy (HRT),
calcitonin, parathyroid hormone and teriparatide.

The choice of treatment will

depends on a person's age, BMD levels and other risk factors such as fracture
history, glucocorticoid use, family history of fractures, cigarette smoking, alcohol
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intake and body weight (Kanis et at. 2008a). Bisphosphonates are the most widely
prescribed drug, as they are anti-resorptive agents which suppress osteoclast activity
and thereby inhibit bone resorption. They have been found to reduce the risk of
vertebral fracture by 40 - 50% and non-vertebral fracture by 20 - 40% (Cranney et at.
2002), and this has been confirmed by meta-analysis (Adachi et at. 2005; Boonen et
al. 2005; Papapoulos et al. 2005).

However, pharmacological treatments are costly and there are several concerns
regarding the safety and long term effects of some of these drugs (MacLean et at.
2008), therefore they are administered with caution. The optimum duration of drug
treatment also remains an unresolved question and patient compliance is often poor.
In light of these potential adverse effects, there is also great interest in preventing
osteoporosis rather than a focus on pharmacological treatments.

1.3.4

Measuring Fracture Risk - BMD versus Bone Markers

Over the years, many methods have been used to enable accurate assessment of
skeletal development and changes in bone mineralization and hence fracture risk.
Dual energy X-ray absorptiometry (DXA) is one of the most commonly used
techniques for measuring bone mineral and, although it provides adequate precision,
this measurement is site-specific. In addition, measurement of BMD does not detect
changes in bone remodelling.

Furthermore, having a BMD measurement that is

normal does not necessarily guarantee that a fracture will not occur (Kanis et at.
2008a,b). Inherent problems also exist with these bone scanning techniques, which
consequently limit their practical use. BMD does not fully correct for bone size
which therefore limits the interpretation of relationships between dietary intake and
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fracture risk (Prentice, 2004). These limitations with BMD measurements thus pose
several implications for the clinical assessment of fracture risk. In recent years, an
online validated fracture risk assessment tool (FRAx:®) has thus been developed by
the WHO, with the aim of enhancing the assessment of fracture risk in both men and
women (http://www.shefac.ukIFRAX). ltis used to calculate an individual's ten
year probability of an osteoporotic fracture based on clinical risk factors with or
without a BMD measurement (Kanis et al. 2008b).

The failure of bone mineral measurements to detect changes in bone remodelling has
led to the development of biochemical bone marker assays which reflect different
stages in bone formation or resorption. The increased accuracy of these assays has
greatly widened their spectrum of use. Measuring bone markers may be useful in
both the diagnosis and management of metabolic bone diseases such as osteoporosis
(Kraenzlin, 2007; Szulc & Delmas 2008). They may also be an effective means of
identifying individuals at increased risk of sustaining a fracture or developing
osteoporosis at an early stage (Eastell & Hannon 2008). In addition, measuring bone
markers may be useful for assessing the effect of lifestyle interventions in prevention
studies.

1.3.5

The Relationship Between Bone Markers and Bone Loss and Fracture

Risk

Most of the evidence regarding a relationship between bone markers and bone loss
comes from longitudinal studies involving postmenopausal women. Most (Hansen et

al. 1991 ; Garnero et al. 1999), but not all (Szule et al. 2008), of these studies have
shown a correlation between bone turnover markers and bone loss. In contrast, the
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few studies examining associations between bone markers and bone loss or fracture
risk in men, have been inconclusive (Ohishi et al. 2000; Yoshimura et al. 1999).

Bone markers are not only thought to predict bone loss but may also predict fracture
risk independent of BMD. An increase in bone turnover can modify bone structure
through increased perforation and buckling of trabecular bone without having a
significant impact on BMD (Eastell & Hannon 2008). There is an abundance of
evidence, mostly from large prospective studies and case-control studies to suggest
that bone resorption markers are strong predictors of fractures in postmenopausal
women (Garnero et al. 1996a; Chapurlat et al. 2000; Garnero et al. 2000), and
independently of BMD (Garnero et al. 1996; Garnero et al. 2000; Ross et al. 2000;
Gerdhem et al. 2004; Meier et al. 2005).

In contrast however, the evidence regarding the relationship between bone formation
markers and fracture risk is somewhat conflicting. In two prospective studies of
healthy postmenopausal women (OFEL Y and Hawaii Osteoporosis Study (HOS)), a
significant positive relationship was observed between elevated levels of serum
alkaline phosphatase (ALP) and the risk of both vertebral and non-vertebral fractures
(Garnero et al. 2000; Ross et al. 2000; Sornay-Rendu et al. 2005).

In contrast

however, other studies have been unable to demonstrate any significant association
between bone formation markers (total ALP and serum osteocalcin (OC)) and
fracture risk (Garnero et al. 1996a; Melton et al. 2003).

Although some inconsistencies exist, the evidence in general appears to suggest that
elevated bone marker levels are a strong risk factor for subsequent bone loss and
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fracture risk, at least in postmenopausal women. Any discrepancies among studies
may relate to differences in the skeletal site measured, the type of fracture, the
accuracy of measurement, the number of participants, the population age range, the
duration of follow-up and the number of bone densitometry scans performed to
monitor the bone loss. The choice of bone marker may also cause variation in results
in that each bone marker reflects different aspects of bone formation and there are
differences in tissue specificities of the markers.

1.3.6

Types of Bone Markers

Bone markers can be divided into two distinct groups (refer to table 1.1):- Bone formation markers
- Bone resorption markers
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Table 1.1: Commonly Used Biochemical Markers of Bone Turnover (adapted from Eastell & Hannon 2008)
BONE FORMATION MARKERS

BONE RESORPTION MARKERS

Type I collagen extension propeptides

Collagen degradation products

Procollagen type I C-terminal propeptide (PICP)S

Hydroxyproline (HYPt

Procollagen type IN-terminal propeptide (PINP) 5

Pyridinoline (PYO) u,s
Deoxypyridinoline (OPO) u,s

Matrix protein

Cross linked telopeptides of type 1 collagen

Osteocalcin (OC) 5

N-terminal cross-linked telopeptide (NTX) u,s
C-terminal cross-linked telopeptide (CTX) u,s
C-terminal cross-linked telopeptide (generated by matrix
metalloproteinases) (ICTP)S

Osteoblast enzyme

Osteoclast enzymes

Total alkaline phosphatase (ALP) 5

Tartrate resistant acid phosphatase (TRACP)S

Bone alkaline phosphatase (BAP) 5

Cathepsin K 5

5

0\

Measured in serum,

U

measured in urine.
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1.3.6.1 Bone formation markers

Bone formation markers reflect osteoblast activity and thus provide a measure of the
by-products of collagen synthesis, matrix proteins or osteoblastic enzymes. They are
products (direct and indirect) of active osteoblasts, and can be measured in serum,
plasma or urine. There are three main types of bone formation markers (Delmas et
al. 2000):-

a) Alkaline phosphatase (ALP)
ALP is a ubiquitous enzyme which originates from osteoblasts and is important for
osteoid formation and mineralization (Delmas et al. 2000). However, its specificity
is limited since it has been found that, in healthy adults, approximately 50% of total
serum ALP activity comes from the liver while the remainder is derived from bone.
Therefore, in a clinical setting, ALP is usually measured by immunoassay due to its
increased specificity (Delmas et al. 2000).

b) Osteocalcin (OC)
OC is a hydroxyapatite-binding protein which is synthesised by osteoblasts,
odontoblasts and hypertrophic chondrocytes. It contains three vitamin K dependent
gamma-carboxyglutamic acid residues which provide the calcium binding properties.
OC is the most abundant non-collagenous protein in bone and its levels have been
found to correlate positively with bone formation rates (Delmas et al. 2000). OC is a
useful indicator of bone turnover in that it is tissue specific and it has relatively low
within person variability (Delmas et al. 2000). Furthermore, it has previously been
found to be a useful predictor of future fracture risk (Gerdhem et al. 2004) and
osteoporosis risk (Iki et al. 2007).
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c) Carboxy- and amino-terminal procollagen type 1 propeptides (PINP and PICP)
Type 1 collagen accounts for approximately 90% of the organic matrix of bone.
PINP and PICP are derived from the extracellular transformation of type 1
procollagen into collagen and released into the bloodstream. These are sensitive
markers of bone formation which can be reliably measured by immunoassay. PINP
and PICP are, however, not bone specific as collagen type 1 can also be found in
skin, dentin, cornea, vessels, fibrocartilage and tendons. Bone, however, has a faster
turnover than these other tissues and therefore the majority of circulating PINP and
PICP originate from bone (Szulc & Delmas 2001).

1.3.6.2 Bone resorption markers

Bone resorption markers reflect osteoclast activity and are produced from the
degradation of type 1 collagen. There are three main types of bone re sorption marker
which can be measured in both serum and urine:-

a) Hydroxyproline (Hyp)
Hyp is a non-specific marker of collagen turnover, accounting for 12 - 14% of the
total amino acid present in mature collagens. It is poorly correlated with bone
resorption, and this is likely to be because only 10% of the Hyp produced during
bone resorption reaches the urine in free or peptide bound forms (Delmas et al.
2000). The remaining peptide bound forms are mainly reabsorbed, metabolised and
oxidised in the liver. Urinary Hyp was one of the main bone resorption markers until
the early 1990s but has since been replaced by more specific assays.
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b) Pyridinoline (PYD) and Deoxypyridinoline (DPD)
PYD and DPD are two of the most important intermolecular cross links of collagen.
They act as bridging molecules and are formed during the extracellular maturation of
fibrillar collagens. Their purpose is to stabilise the extracellular bone matrix and
increase its tensile strength (Delmas, 1995) before being released during the
degradation of mature collagen.

Therefore they are recognised as being a good

predictor of bone resorption (Delmas et al. 2000). PYD is found in cartilage, bones,
ligaments and vessels whereas DPD is only present in bone and dentin. Both PYD
and DPD can be found in urine either in the free form
(66%).

(~40%)

or peptide bound

Both PYD and DPD can be measured by high performance liquid

chromatography (HPLC), enzyme immunoassays and automated immunoassays.
DPD in particular is a more specific bone resorption marker and has been shown to
correlate with bone biopsy and calcium kinetic studies (Clowes & Eastell 2000).

c) CTX and NTX (carboxy terminal- and ammo terminal-telopeptide of type 1
collagen)
NTX and CTX are the two cross-link forming sites of type I collagen. Serum CTX
has been shown to be a predictor of both vertebral and non spinal fractures (Gamero

et at. 2000, Gamero et al. 2004) and is generally regarded as one of the best bone
markers for predicting fractures (Gamero et at. 2000; 10hnell et at. 2002). Both
NTX and CTX show a significant response to anti-resorptive treatment (Clowes &
Eastell 2000). Sensitive immunoassays have been developed for measuring these
bone markers (Swaminathan, 2001; Risteli et al. 1993; Bonde et at. 1994; Hanson et

at. 1992).
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1.3.7

Advantages of Bone Markers

Biochemical bone markers provide an indication of bone turnover by reflecting the
whole body rates of bone resorption and bone formation (Eastell et al. 1997) and thus
may provide a more representative index of skeletal bone loss than BMD
measurements (Delmas et al. 2000). Because bone formation and bone resorption is
a coupled process, a change in either marker will therefore reflect a change in bone
turnover (Eastell & Hannon 2008). Levels of bone markers have been found to be
negatively correlated with BMD measurements in both males and females (Szulc &
Delmas 2001; Szulc & Delmas 2008) and this correlation has been shown to become
stronger with increasing age (Garnero et al. 1996a,b; Garnero & Delmas 2004). This
inverse correlation occurs regardless of skeletal site, bone marker, number of years
since the menopause and use of HRT (Szulc & Delmas 2008). Bone markers also
have an advantage over BMD in that they are non-invasive, they are relatively
inexpensive for studying bone metabolism and assessing bone formation and
re sorption rates and changes can often be detected over a short time period. They
may also be useful in identifying at an early stage, individuals who may be
susceptible to later fracture and osteoporosis (East ell & Hannon 2008).

1.3.8

Limitations and Factors Affecting Bone Markers

There are also several limitations associated with use of bone markers. Levels of
bone markers cannot be directly translated into amounts of bone formed or lost.
Moreover, they simply reflect total skeletal turnover but do not provide an indication
of bone turnover within specific bone tissue i.e. trabecular, cortical and periosteal
bone (Garnero & Delmas 2004). Bone markers reflect quantitative changes in bone
turnover, rather than giving a qualitative indication of structural impairment within
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the bone matrix.

Furthermore, bone markers are also prone to intra- and inter-

individual variation (Hannon & Eastell 2000).

A combination of BMD

measurements and bone turnover markers may therefore be the best option for
predicting fracture risk (Sarkar et al. 2004).

Bone markers are also subject to

preanalytical variability which can affect clinical interpretation of bone marker data.
This variability encompasses a wide spectrum of factors which can be divided into
two broad categories: i) those that cannot be controlled by the researcher and ii)
those that can be controlled by the researcher (refer to Table 1.2).

Table 1.2: Determinants of pre-analytical variability of bone markers

Uncontrollable factors

Controllable factors

Age

Circadian variation

Gender

Menstrual variation

Menopausal state

Seasonal variation

Recent fracture

Food intake

Drugs

Exercise and PA

Diseases

Long term intra variability of markers

Immobility

i) Uncontrollable factors
Age, gender and menopausal status have a substantial influence on bone turnover. In
females, the menopause results in a marked increase in bone marker levels. The
magnitude of this increase depends on the various aspects of bone formation that
each marker reflects and also on the tissue specificity of the marker (Szulc & Delmas
2001; Gundberg et al. 2002; Eastell & Hannon 2008).
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Levels of bone markers can also be affected by several drug groups. Drugs such as
corticosteroids and anti-resorptives (for example HRT and bisphosphonates) are
known to induce a rapid decrease in bone turnover markers especially QC (Clowes &
Eastell 2000; Delmas et al. 2000). Certain medical conditions can also influence
bone marker levels. In post-menopausal women with osteoporosis, markers of bone
re sorption have been found to be significantly elevated compared with normal postmenopausal women. In comparison, markers of bone formation are less elevated and
may even decrease (Valimaki et al. 1994; Kushida et al. 1995). Increased levels of
bone markers have been reported in other metabolic bone diseases such as Pagets
disease and osteomalacia and in other diseases related to osteoporosis for example
primary hyperparathyroidism and thyrotoxicosis (Clowes &

Eastell 2000).

Sustaining a fracture can also result in elevated levels of bone markers for up to 12
months (Ingle et al. 1999; Clowes & Eastell 2000; Ivaska et al. 2007). Bed rest or
immobility has also been found to cause a marked increase in bone resorption
markers (Zerwekh et al. 1998).

ii) Controllable factors
Bone markers are strongly affected by circadian variation. Levels of bone markers
typically increase during the night, with levels peaking between 0400 and 0600
hours, after which they rapidly decrease, being lowest between 1300 and 2300 hours
(Wichers et al. 1999; Qvist et al. 2002). This diurnal variation tends to be more
pronounced for markers of bone resorption than for bone formation markers (Szulc et

al. 2007). It is therefore important to control the time of blood sampling. Seasonal
variation can also account for up to 12% of the variation in bone markers, with
increased bone turnover occurring during the winter months (Woitge et al. 1998).
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Sub-acute exerCIse can also affect bone markers.

Bone formation markers can

increase by 15 - 40% for up to 72 hours after acute exercise while bone re sorption
markers decline (Thorsen et al. 1996). Dietary intake has been found to have a
marked influence on bone resorption markers, especially serum levels of CTX (Qvist
et al. 2002), and may also accentuate circadian variation.

It is therefore

recommended that measurements should be conducted in the morning after an
overnight fast (Delmas et al. 2000). In relation to analysis of bone markers, local
reference ranges are required for bone marker assays as they are dependent on age,
gender, menopausal status and race. The intra-individual reproducibility of bone
markers also poses a limitation. In general, the coefficient of variation tends to be
lower for serum bone formation markers than for urinary resorption markers (Delmas
et al. 2000).

In view of the above evidence it is clear that there are a complex range of factors
which can affect bone marker concentrations. Therefore, it is imperative that, within
a research study, the timing and conditions under which samples are taken should be
standardised. Careful consideration of analytical conditions is required, particularly
with respect to sampling time (i.e. morning), storage of samples (i.e. -80°C), dietary
intake (overnight fast), and concurrent medication use and medical conditions.

1.4

AGE-RELATED CHANGES IN MUSCLE

Apart from age-related changes in bone, ageing is also associated with numerous
anatomical and physiological changes which can adversely affect both physical
function and muscle strength, thus contributing to an increased risk of falls, fractures
and disability. Given the increasing ageing population, the importance of preserving
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physical function is of paramount importance, not only for preserving functional
mobility and independence, but also for maintaining quality of life, for preventing
falls and fractures and reducing demands on healthcare resources.

Older adults

undertake basic daily activities many of which are highly dependent on physical
ability, lower extremity physical performance and muscle strength for example,
carrying shopping bags, walking, dressing and housework.

Yet, if physical

performance and muscle strength is impaired then the ability to undertake such
activities becomes much more challenging and burdensome.

In fact, loss of muscle strength and flexibility, and impaired balance and reaction
time are the most common factors associated with risk of falls (Myers et al. 1996).
Lower extremity physical function, in particular, is regarded as a strong predictor of
disability, falls and hip fractures in older adults (Guralnik et al. 1995; DargentMolina et al. 1996). Furthermore, lower extremity physical function is thought to
decline more rapidly than upper body function with age (Aoyagi & Shephard 1992).

1.4.1

Measurement of Physical Function and Muscle Strength

Although physical function is frequently measured by subjective questionnaires,
there is an increasing use of more objective and direct measures of physical
performance to characterise functional status. Physical performance can be assessed
by several quantitative measures, all of which are designed to assess a person's
ability to carry out standardised daily living activities and which therefore assess
various components of physical function, including strength, agility, co-ordination
and balance. The Short Physical Performance Battery (SPPB), which assesses lower
extremity performance by walk speed (over a distance of eight feet), ability to
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maintain standing balance (in three progressively more challenging positions) and
ability to rise up from sitting on a chair (chair stand test), is frequently used as a
standardised and objective measure of lower extremity functional decline. These
simple objective measures are used not only as a means of assessing and ranking the
physical function of individuals but also as a way in which to monitor the
progression of functional decline and disability (Guralnik et al. 1994a; 1995).

Measurement of hand grip strength is also commonly used to give an estimate of
general muscle strength (Rantanen et al. 1999a), although it may not fully reflect
lower extremity body composition (Cesari et al. 2006). It has also been associated
with decreased physical function (Lauretani et al. 2003) and is thought to be a strong
predictor of both disability and mortality (Rantenan 1998, 2003). A recent study in
92 healthy adults (mean age 30 years) and 45 patients (mean age 55 years) by
Jakobsen et al. (2010) also concluded that hand grip strength is a valid measure of
PA in healthy adults and a measure of both quality of life and mobility in patients.

1.4.2

The Relationship Between Physical Function, Muscle Strength and Bone

Associations between physical function, muscle strength and bone have been
reported in both cross-sectional and prospective studies. A large prospective study (n
=

5902) of older aged community dwelling men, Cawthon et al. (2008) found an

association between poor physical performance (assessed by sit-to-stand test, leg
power, narrow walk balance test, usual walking speed, grip strength), but not grip
strength, and increased hip fracture risk after a five year follow-up .
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A recent cross-sectional study by Blain et al. (2009) also noted a significant
association between low femoral neck BMD and low sit-to-stand performance
(measured as maximal rising strength) in 249 healthy women aged 18 - 76 years,
independent of age, weight, height, hormonal status, calcium intake and P A.

A

positive association between knee extension strength and hip BMD was also
reported. Another cross-sectional study by Taaffe et al. (2003) reported a modest
positive association between hip BMD and physical performance measures as
assessed by knee extensor strength, repeated chair stands, gait speed, walking
endurance and standing balance.

1.5

NUTRITIONAL REQUIREMENTS WITH AGEING

Nutrition is a critical determinant of health and is also considered to be an important
contributing factor to both bone health and physical function. The nutritional status
and needs of older people are associated with age-related biological and often
socioeconomic changes. The ageing process has a marked impact on both nutritional
requirements and food choices. Energy requirements are lower in older adults as a
result of reduced PA levels. However, dietary requirements of vitamins, minerals
and trace elements basically remain at the same level, if not higher than those of
younger age groups. Older people are still encouraged to eat a balanced diet that is
rich in whole grain cereals, fruit and vegetables (FV), low fat dairy products and oily
fish. However, the absorption of some nutrients is often impaired in older people
and appetite may also be suppressed, which can often lead to specific nutrient
deficiencies.

Overall, decreased food intake, a sedentary lifestyle, and reduced

energy expenditure in older adults altogether become critical risk factors for
malnutrition, especially in terms of protein and micronutrient intake (Meydani,
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2002). The most recent National Diet and Nutrition Survey (NDNS) survey of older
people was published in 1998 and highlighted low dietary intakes and poor
biochemical status for a range of micronutrients (Finch et at. 1998). Such subclinical
deficiency may well have significant physiological effects, for example, on bone
health and physical function.

1.6

FRUIT, VEGETABLES, AGEING AND DISEASE RISK

The health benefits of a high consumption of FV are now well recognised. High
intakes of FV have been associated with reduced risk of a number of conditions, such
as CVD, cancer, and osteoporosis (WHO, 2003), which has resulted in global
recommendations that adults should be consuming at least 400 grammes (g) (five
servings) of FV per day (WHO, 2003). However, FV intakes in the UK lie below
this recommended amount, in the general population (Gregory et at. 1990), but also
specifically in older people (Finch et at. 1998), although these data are rather out of
date and did not include NI. The reasons for this low FV consumption in older adults
remain unclear.

Several of the nutrients associated with diets high in FV, such as carotenoids, vitamin
C and potassium have been shown to be associated with improved bone health and
physical function and muscle strength, particularly in older individuals (New et al.
1997; New et at. 2000; Cesari et at. 2004a; Lauretani et at. 2008). In light of these
findings, the role of FV in improving bone health and physical function and muscle
strength is of interest. The evidence examining the association between FV and the
predominant nutrients found in FV and both bone health and physical function and
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muscle strength will now be examined.

Other important nutrients and lifestyle

factors will also be included.

1.6.1

Influence of Fruit and Vegetables on Bone Health

1.6.1.1 Intervention studies involving fruit and vegetables

While many studies have examined the effect of single- or multi-vitamin, trace
element or mineral supplements on bone health, only a few intervention studies have
examined the effect of FV or FV -rich diets on bone health (Buclin et al. 2001; Lin et
al. 2003; Macdonald et al. 2008; McTiernan et al. 2009; Nowson et al. 2009), and
results of these are somewhat conflicting.

The DASH (Dietary Approaches to Stop Hypertension) Sodium intervention study
considered the effect of FV intake on bone turnover as a secondary outcome. This
study was a one month intervention study in which 186 healthy adults, aged 23 - 76
years were asked to either consume the DASH diet, which emphasizes high intakes
of fruit, vegetables (-9 portions/day), whole-grains, low fat dairy products and low
intakes of meat or remain on the control diet (i.e. the typical Western diet, mainly
high in fat and low in dairy products and FV). Their results clearly demonstrated
that increased consumption of the DASH diet over a four week period significantly
decreased bone turnover (reduction in both the bone formation marker OC (8 - 11 %
decrease) and the bone resorption marker CTX (16 - 18% decrease) (both p<O.OOI))
compared to the control diet. Urinary calcium excretion did not differ between the
two groups (Lin et al. 2003). An earlier DASH intervention trial had shown that an
increase in FV from 3.6 portions to 9.5 portions/day over an eight week period
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decreased urinary calcium excretion from 157 to 110 mg/day (Appel et at. 1997).
Similar findings were demonstrated in a double crossover intervention study by
Buclin et al. (2001), although this study focused on the overall acid/alkali content of
the diet and its effect on calcium excretion, rather than on FV and bone. In this
study, eight healthy volunteers undertook a four day metabolic preparation, during
which they consumed either an acid (ash-forming) rich diet or an alkaline (baseforming) rich diet. The alkaline-rich diet had a high FV content (exact quantity not
stated). On day four, participants were then administered a single oral dose of 1 g
calcium (in the form of either calcium carbonate or calcium gluconolactate). This
was then followed by a three day washout period during which participants were
given free food choice. The participants received each type of dietary regimen twice,
once with each calcium salt. Their results demonstrated that consumption of the acid
rich diet increased urinary calcium excretion and CTX by 74% and 19% respectively,
compared to an alkali forming diet. A decrease in urinary and serum pH was also
noted (Buclin et al. 2001).

Three more recent intervention studies have not demonstrated an effect of increased
FV on bone-related endpoints (Macdonald et at. 2008; McTieman et at. 2009;
Nowson et at. 2009).

In a two year double blind placebo-controlled trial by

Macdonald et at. (2008), increased FV consumption had no significant effect on
bone markers (PINP, CTX, PYD or DPD) in postmenopausal women (n = 276). In a
much larger study of 48,835 postmenopausal women, McTieman et al. (2009) failed
to show any significant effect of a dietary intervention which included increased FV
consumption on hip, vertebral, lower arm/wrist or total osteoporotic related fracture.
The study also reported no significant effect of the dietary intervention on BMD at
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the vertebral or total body in a subset of 3951 women.

They did however

demonstrate a greater reduction (0.4 - 0.5%) in hip BMD in the intervention group
compared to the control group after 3, 6, and 9 years. Another dietary intervention
(111 women, aged 45 - 75 years) based again on the DASH diet but conducted over a
14 week period, similarly showed no significant change in bone markers in response
to increased FV consumption (Nowson et al. 2009).

The differences in study durations and the portions of FV consumed per day make
between study comparisons difficult. Some studies also involved the consumption of
very high intakes ofFV (Appel et al. 1997; Nowson et al. 2009) which in a 'real' life
setting may be unrealistic and unachievable. Baseline levels of FV differ between
studies, and it is also difficult to extrapolate findings to healthy older adults since the
three latter studies were exclusively conducted in postmenopausal women.
Furthermore, the interventions by Lin et al. (2003), McTiernan et al. (2009) and
Nowson et al. (2009) did not exclusively focus on FV consumption.

The

interventions were complex and involved changes in the intake of other foods,
therefore it is difficult to exclusively identify which food group was responsible for
the observed effects, or whether it was the whole diet change.

Participant

compliance within the studies is also questionable, as reflected by the small changes
in biochemical markers (Macdonald et al. 2008; McTiernan et al. 2009; Nowson et
al. 2009).

It is also worth noting that some studies failed to use fasting blood

samples and therefore bone marker results may have been affected by both dietary
intake and diurnal variation. The reliance on food frequency questionnaires (FFQ) to
assess changes in dietary consumption (McTiernan et al. 2009) is a further limitation
as such dietary assessment methods are prone to inherent error and may have poorly
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captured dietary intake.

Overall, the findings generated from these studies are

inconclusive and further research is necessitated, particularly in older adults and in
both genders.

1.6.1.2 Observational studies involving fruit and vegetables

Results from observational population studies (Tucker et al. 1999a; New et al. 2000;
lones et al. 2001; Macdonald et al. 2004; McGartland et al. 2004; New et al. 2004;

Tylavsky et al. 2004; Prynne et al. 2006) appear to show more consistency, with
results from the majority of the studies suggesting a positive association between
fruit and/or vegetable consumption and bone health indices and/or markers of bone
metabolism. However most of these studies were carried out on young people (lones
et al. 2001; McGartland et al. 2004; Tvlavsky et al. 2004; Prynne et al. 2006),

premenopausal women (New et al. 1997, 2000; Macdonald et al. 2004) or peri- and
post-menopausal women (New et al. 2000; Vatanparast et al. 2005).

To our

knowledge only two observational studies have involved older men and women
(Tucker et al. 1999a; Welch et al. 2007), and both these studies focused on bone
mineral measurements rather than bone markers.

Findings from longitudinal studies provide further support that FV may be related to
an increase in BMD and decreased fracture risk (Tucker et al. 1999a; Macdonald et
al. 2004; Vatanparast et al. 2005).

Longitudinal studies have an advantage over

cross-sectional studies in that they can observe the influence of diet on bone over
several years rather than concentrating on one specific time period.
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Considered as a whole, the cross-sectional, prospective and longitudinal studies
which have been carried out to date have demonstrated significant, although modest,
associations between FV intake and bone. These findings provide support for an
association between FV and bone health, but do not provide strong conclusive
evidence. Unlike intervention studies, the main limitation of observational studies is
that only associations can be inferred and not causal relationships. This consequently
weakens any conclusions which can be made. Observational studies are also prone
to bias by residual confounding. In addition, in dietary studies of adults and older
age groups one of the most commonly noted problems is dietary recall. Assessing
and obtaining reliable dietary measurements is difficult, with many previous studies
relying on FFQ for determining dietary intake (New et al. 1997; Tucker et al. 1999a).
Many studies also relied on site-specific bone mineral measurements (New et al.
1997; Tucker et al. 1999a; Macdonald et al. 2004; McGartland et al. 2004; Tylavsky
et al. 2004; Vatanparast et al. 2005; Prynne et al. 2006) rather than measurements of

bone markers.

Therefore further well-conducted observational and intervention

studies are required.

1.7

MECHANISMS OF ACTION OF FRUIT AND VEGETABLES ON
BONE

Two main mechanisms by which FV might exert a positive effect on bone health
have been proposed.

1.7.1

Acid-Base Balance and Bone Health

The role of acid:base balance in bone health has been gaining increasing prominence
in the literature, particularly in relation to FV intake (New, 2003). Maintaining acid-
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base homeostasis is important for the majority of biological processes within the
body, including bone metabolism (Wynn et al. 2008).

Acid-base homeostasis is

tightly controlled in the extracellular fluid and is maintained between pH 7.35 and
7.45 by three specific mechanisms: i) blood and tissue buffering, ii) carbon dioxide
(C0 2) exhalation by lungs and iii) excretion of hydrogen (H+) and regeneration of
hydrogen carbonate (HC0 3 ) via the renal system (New, 2003). If alkaline levels
within the body are low, sufficient buffering will not occur and mild metabolic
acidosis may take place, even in healthy individuals (Frassetto et al. 1998; Buclin et
al. 2001; Lemann et al. 2003).

With advancing age, the risk and severity of dietary metabolic acidosis increases
significantly due to age-related decline in renal function and hence a decrease in acid
excretion (Frassetto et al. 1998). In 1986, an experimental study carried out by
Arnett and Dempster established that a reduction in extracellular pH resulted in
increased osteoclast activity independent of parathyroid hormone activity. The study
also demonstrated that even a small drop in pH can result in a rapid upsurge in bone
resorption (Arnett & Dempster 1986). More recent work by Arnett (2007) provides
further evidence that increased acidity has a progressive inhibitory effect on bone
mineralisation. They also reported that pH levels maintained between pH 7.4 and 6.9
had no effect on osteoblast proliferation.

However at pH 6.9, the activity of

osteoblast ALP was reduced 8-fold (Brandao-Burch et al. 2005).

In relation to diet, the acid-base balance refers to the potential of dietary intake to
contribute to the acid and alkali load within the body (Rem er & Manz 1995). In
1968, Wachman and Bernstein suggested that consuming the typical 'Western' diet
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may contribute to the development of osteoporosis through net acid generation .
They were the first to note that bone mineral acts as a buffer base against acid loads
and that over a lifetime this ongoing buffering, as a result of consuming a variety of
foods, may result in gradual and accumulated bone loss (Wachman & Bernstein
1968). Two other early studies also suggested that excess acid had an adverse effect
on bone mineral (Lemann et at. 1966; Barzel, 1969). The principal adverse effect of
the 'Western' diet is the increased acidic load on the body, as a result of increased
levels of acid-generating proteins obtained from meats, cereals and dairy foods and
low levels of alkaline cations such as potassium and magnesium, due to low
consumption ofFV.

It is the degree to which acid production (from proteins) differs to alkali production

(from potassium salts typically found in FV) that determines the net acid load (i.e.
rate of net endogenous acid production).

It has been estimated that adults who

consume a typical Western diet consume approximately 4000 mg/day of sodium and
2500 mg/day of potassium and generate approximately 1 mEq acid/kg body weight
per day (New, 2003; Lanham-New, 2008a).

During metabolism, protein oxidation results in an increase in orgamc acid
production (for example, sulphuric acid and phosphoric acid) and hence H+ ion
concentrations increase.

This subsequently lowers extracellular pH levels and

increases acid load (Frassetto et al. 1998). This in turn has a negative impact on
bone as it causes an increase in calcium excretion and stimulates bone resorption
(Arnett & Dempster 1986; Krieger et al. 2003; Lin et at. 2003). Osteoclast activity
consequently increases with adhesion of the osteoclasts to the bone resorptive sites.
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H+ ions are then secreted into the bone resorbing fluid compartments (Amett &
Dempster 1986). This process of bone resorption is also coupled with reduced
osteoblast activity thus restricting bone formation processes (Krieger et at. 2003).

1.7.1.1 Measuring Net Endogenous Acid Production (NEAP)

The suggested acid-base effect of food intake on bone has led to the development of
several diet-based algorithms to quantify the relative acidity of the diet. One such
validated algorithm is the dietary potential renal acid load (PRAL) (Remer & Manz
1995).

It represents the net balance between the acid produced from the

consumption of protein-rich foods and the base produced from alkaline-rich foods
such as FV. The PRAL value takes into account the protein and mineral composition
of foods, the average intestinal absorption rates of nutrients and sulphur metabolism.
The equation is based on nutrient data obtained from food composition tables and is
calculated by subtracting the dietary contribution from potassium, magnesium and
calcium from that of protein and phosphorus using the following equation:

PRAL mEq/day =

(phosphorus mg/day x 0.0366) + (protein g/day x 0.4888) (potassium mg/day x 0.0205) - (calcium mg/day x 0.0125) (magnesium mg/day x 0.0263) (Remer & Manz 1995)

Estimated NEAP is then calculated from the equation by incorporating an estimate of
organic acid (OA) excretion (which represents the incomplete metabolism of fats and
carbohydrates and minor dietary sources), based on a body surface area (BSA)
calculation using the following formula:- (Remer & Manz 1995):-
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Estimated NEAP (mEq/day) = PRAL (mEq/day) + OA (mEq/day),

Where:Endogenous OA = 41 x BSA (m2)11. 73 (m2)

(Kleinman & Lemann 1987)

and
BSA (m2) = weight (kg)o.425 x height (cm)O.725 x 0.00718

(DuBois

&

DuBois

1916)

This method has been found to correlate with measurements of 24-hour urinary net
acid excretion which is recognised as the gold standard for assessing net endogenous
acid load (Remer & Manz 1995).

In 1998, Frassetto et at. proposed a simpler algorithm for determining NEAP, based
on a ratio of the acidifying effect of protein and the alkali sing effect of potassium.
NEAP was calculated according to the following equation (unadjusted for energy):-

Estimated NEAP (mEq/day)

=

54.5 x protein (g/day) / potassium (mEq/day)) - 10.2

(Frassetto et at. 1998).

Although the algorithm by Frassetto et at. (1998) provides a good approximation of
NEAP, a potential limitation is that it does not take into account other nutrients or
absorption rates of nutrients in the formula and assumes that OA production is fixed
within body size (Gannon et at. 2008). This algorithm tends to be employed as an
estimate of NEAP when there is limited nutrient and mineral dietary information
(Frassetto et al. 2007) .
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Based on the evidence, it has been proposed that consuming FV may benefit bone by
providing alkaline salts of potassium, which may counterbalance the acidity caused
by eating a typical "Western" diet, although it has been suggested that the acid-base
hypothesis may only apply to people with impaired kidney function since healthy
kidneys are able to withstand increased acidity (Oh, 1991).

Results from a number of observational studies have supported the suggestion that
the acid:base balance may be responsible for the protective effect of FV on bone
(New et al. 2004; Welch et al. 2007).

When using the Frassetto et al. (1998)

algorithm to examine the levels of NEAP, New et al. (2004) found that in 1056 premenopausal or peri-menopausal women who were participating in the Aberdeen
Prospective Osteoporosis Screening Study (APOSS), those with low NEAP levels
had significantly higher lumbar spine BMD and forearm bone mass. In a subset of
62 women for whom bone marker measurements were available, they also noted a
significant association between low levels of NEAP and lower urinary DPD
excretion (New et al. 2004).

These findings also concur with those from the

European Prospective Investigation into Cancer and Nutrition (EPIC) cross-sectional
study (a large UK population-based study in 14,563 adults). In this study, Welch et

al. (2007) reported a significant inverse association between a more acidic diet and
calcaneal bone ultrasound measurements in women, although no effect was evident
in men. However, this study did not examine bone markers and also did not assess
bone mineral measurements at more clinically relevant bone sites i.e. the hip or
spme.
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A further longitudinal analysis of the APOSS dataset by Macdonald et al. (2005) also
showed that those in the highest quartile of estimated NEAP had significantly higher
concentrations of urinary DPD and PYD than those in the lowest quartile. However,
there was only a modest difference in BMD (2%) between the highest and lowest
quartiles.

Results from a number of potassium supplementation studies also support the view
that increasing alkalinity may enhance skeletal health. These studies have reported
beneficial effects of alkaline salts on bone markers, urinary pH levels and net acid
excretion (Sebastian et al. 1994; Marangella et al. 2004; Sakhaee et al. 2005; Jehle et

al. 2006). In contrast though, a recent supplementation study by Macdonald et al.
(2008) clearly showed no effect of potassium supplementation on bone turnover or
BMD over a period of two years. Inconsistencies are clearly evident among the
studies and interpretation of results is difficult due to the short durations of some
studies, different doses of potassium supplementation and inadequate washout times
prior to intervention.

It must also be remembered, that although results from

potassium supplementation studies do support an acid-base explanation for the
beneficial action of FV on bone, they are not the same as FV intervention studies
which focus on whole food intake.

1.7.2

Antioxidants and Bone

In 1996, Oh and Uribarri noted that the effect of FV on bone may be due to an
unidentified 'dietary' compound rather than an excess in alkali. An animal study by
Muhlbauer and Li (1999) reported a significant reduction in bone loss and bone
resorption in rats after consumption of a wide variety of vegetables and herbs which
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they also suggested may be related to the action of unidentified pharmacologically
active compounds rather than an excess of alkaline cations (Muhlbauer et at. 2002).
Therefore, it is possible that increased potassium in the diet is simply acting as a
marker of FV consumption. Fruit and vegetables are also abundant in antioxidants
including vitamin C, vitamin E and phytochemicals including carotenoids and
flavonoids which may also contribute to bone health.

Oxidative stress may be an important contributing factor to the age-related decline in
bone health. Antioxidants may therefore play a role in skeletal health through their
ability to 'mop-up' free radicals and defend against oxidative stress (Helmersson et

al. 2009) which can have a negative effect on bone (Basu et al. 2001) by inhibiting
osteoblast activity and increasing inflammation (Holt et at. 2009).

However,

evidence supporting the protective role of antioxidants on bone health is inconsistent.

Vitamin C (ascorbic acid) is one of the most widely known antioxidant vitamins and
is abundant in many FV.

In relation to bone, vitamin C is a crucial cofactor in

collagen formation (Maggio et at. 2003) and is essential for stimulating ALP activity
and osteoblast mineralization (Wang et at. 2007). Although not always consistent,
findings from previous studies appear to demonstrate a positive association between
dietary vitamin C intakes (Freudenheim et at. 1986; Leveille et at. 1997; New et at.
1997; Melhus et at. 1999) or vitamin C supplements (Morton et at. 2001) and BMD.

The

SIX

major carotenoids (a-carotene, ~-carotene,

~-cryptoxanthin,

lutein,

zeaxanthin and lycopene) comprise an important part of the antioxidant defence
system (Semba et at. 2007a). They are also regarded as good biological markers of
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FV consumption in that serum carotenoid levels have been shown to increase with
greater FV consumption (AI-Delaimy et al. 2005; Andersen et al. 2005). A number
of studies have reported that carotenoid concentrations in osteoporotic women are
lower than in controls (Maggio et al. 2006; Yang et al. 2008). Maggio et al. (2006)
suggest that the possible mechanism for the protective effect of carotenoids on bone
health may arise from their role as precursors of retinol. Observations from several
epidemiological studies also suggest that phytochemicals such as carotenoids may
exert a potential protective effect on bone (Maggio et al. 2006; Sugiura et al. 2008;
Sahni et al. 2009a,b), although studies are not entirely consistent (Barker et al. 2005;
Wolf et al. 2005).

A recent longitudinal analysis of 334 older men and 540 older women from the
Framingham Osteoporosis Study demonstrated significant positive associations
between carotenoids and trochanter and lumbar spine BMD after four years in men
and women respectively (Sahni et al. 2009a). In women, the results indicated a
significant association between lycopene intake and change in lumbar spine BMD
after a four year period (p

=

0.03). In men, a significant association was noted
0.02), lycopene (p

between intakes of total carotenoids (p

=

0.0005), p-carotene (p

0.009), and lutein and zeaxanthin (p

=

0.008) and change in trochanter BMD after

=

=

four years (Sahni et al. 2009a). A further longitudinal analysis of the same cohort
showed a significant association between high total carotenoid intake and decreased
hip fracture risk (p = 0.02) over a 17 year period (Sahni et al. 2009b).

Polyphenols such as flavonoids also have potential protective and therapeutic effects
on bone. Flavonoids represent the most abundant polyphenols in the diet accounting
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for approximately two thirds of total phenol intake (Scalbert & Williamson 2000).
In-vivo and in-vitro studies have demonstrated that the flavonols quercetin and
kaempferol can reduce or inhibit bone resorption by suppressing osteoclast activity
and stimulating osteoblast activity (Prouillet et al. 2004; Yamaguchi et al. 2007).
The suggested favourable effects of flavonoids on bone may also be owing to their
ability to reduce levels of inflammatory markers and prostaglandins (Holt et al. 2009;
Watzl et al. 2005), or through an effect on insulin growth factor (IGF-l) and bone
specific ALP (Arjmandi et al. 2002) .

The overall findings reported by previous studies appear to suggest a potential role
for antioxidants, carotenoids and flavonoids on bone health. The benefits of FV in
relation to bone may thus relate to their abundance of antioxidant micronutrients.

1.8

OTHER LIFESTYLE FACTORS ASSOCIATED WITH BONE
HEALTH

1.8.1

Other Nutrients Commonly Associated With Bone Health

Apart from the strong potential influence of antioxidant nutrients on BMD, other
nutrients and minerals are known to play an important role in bone health. Calcium
and vitamin D have received the most attention, but other nutrients including folate,
vitamin B I2 , vitamin K, magnesium, zinc, fat, phosphorus and iron have all been
proposed to play a role in bone health. The evidence for calcium and vitamin D will
be reviewed below, along with the evidence for other nutrients for which FV are a
main dietary source.
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1.8.1.1 Calcium

Approximately 99% of the bodies' total calcium is present within the bones and teeth
(Lanham-New, 2008b; Bonjour et al. 2009). In healthy adults it is thought that 25 35% of ingested calcium is absorbed by the body, while the remainder is lost via the
kidneys, bowel, skin, hair and nails (Rafferty & Heaney 2008).

Calcium levels

within the body are finely regulated by the action of calciotrophic hormones which
include calcitonin, parathyroid hormone (PTH) and 1,25-dihydroxy vitamin D
(Flynn, 2003).

There is still some controversy regarding the association between calcium intake and
bone. A meta-analysis of 15 randomised trials by Shea et al. (2002) found that
calcium supplementation (ranging from 500 - 2000 mg/day) reduced bone loss at
total body, lumbar spine, hip and distal radius after a period of

~2

years, in

postmenopausal women. However, their results only indicated a weak trend for the
reduction of vertebral fractures (Shea et al. 2002).

A more recent meta-analysis of both prospective cohort studies and randomised
controlled trials (RCTs) found no significant association between calcium intake
(including supplements) and hip fracture risk in either men or women. In the RCTs,
they found no additional benefits of calcium supplementation on non vertebral
fracture risk when compared with placebo.

In fact, calcium supplementation

appeared to have an adverse effect on hip fracture risk in both men and women
(Bischoff-Ferrari et al. 2007).

42

Chapter 1

The overall lack of consistency in results across the studies may be attributed to a
number of factors. Findings from prospective studies are only observational. In
addition, in prospective studies there is a wide variation in follow-up time and also in
the bone sites being measured. Many observational studies are also prone to bias by
confounding factors.

RCTs differ in duration, supplement dose, bone sites being

measured and sample size.

Many studies are also subject to methodological

problems, through low statistical power or inaccurate measurement of dietary
variables. Variation may also relate to calcium intakes particularly since calcium is
known to have a threshold effect whereby calcium retention improves as calcium
intakes increase up to a threshold value, above which no further improvement occurs.

1.8.1.2

Vitamin D

Vitamin D is normally obtained from three sources: from the diet, in foods such as
oily fish, fortified margarine/fat spreads, fortified breakfast cereals, milk, meat; from
vitamin supplements; or through cutaneous synthesis from exposure to ultraviolet B
(UVB) sunlight (Bonjour et al. 2009).

Vitamin D obtained from the diet or endogenously is rapidly converted to
cholecalciferol, which is then slowly converted to the vitamin D metabolite 2ShydroxyvitaminD (2S(OH)D) by the liver. 2S(OH)D is the main circulating form of
vitamin D and is considered to be the best indicator of clinical status (Roux et al.
2008). Vitamin D plays a critical role in calcium homeostasis (Cashman, 2007) and
is important for calcium absorption and hence bone mineralization. Heaney et al.
(2003) reported that in postmenopausal women, an increase in serum levels of
2S(OH)D from SO nmol/l to >80 nmol/l resulted in a 68% improvement in intestinal
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calcium absorption.

Vitamin D also stimulates bone formation and enhances

osteoclastic activity.

In relation to fracture risk, a recent meta-analysis of seven RCTs conducted in
ambulatory or institutionalised older people showed convincing evidence that
vitamin D supplements in the range 700 - 800 international units (IU) (17.5 - 20.0
)lg)/day reduced the risk of hip fractures and non-vertebral fractures by 26% and
23% respectively, compared to control groups (Bischoff-Ferrari et at. 2005). A more
recent meta-analysis of RCTs, again by Bischoff-Ferrari et at. (2009a) also reported
that the effect of vitamin D supplementation on non-vertebral fracture is dosedependent. In this meta-analysis, they noted that a vitamin D supplementation dose
of 482 to 770 IU/day resulted in a 20% reduction in non-vertebral fractures and an
18% reduction in hip fractures.

Many studies suggest that a combined vitamin D and calcium supplement may have
more benefit on bone than vitamin D alone. Indeed, calcium alongside vitamin D is
recognized as a major component of any preventive course of therapy for
osteoporosis (Dawson-Hughes & Bischoff-Ferrari 2007).

Conclusions from two

recent meta-analyses of RCTs emphasise the importance of combining vitamin D
with calcium in order to reduce hip fracture risk (Boonen et al. 2007; Tang et at.
2007). Boonen et at. (2007) reported that vitamin D and calcium supplements, when
taken together, reduced both hip fracture risk and non-vertebral fracture risk by 25%
and 23% respectively, compared to a single vitamin D supplement. Similarly the
meta-analysis by Tang et at. (2007), which examined 29 RCTs, reported an overall
12% reduction in risk of all fractures following calcium and vitamin D
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supplementation over an average duration of 3.5 years. Furthermore, they reported a
24% reduction in fractures in those trials that had high compliance rates. The authors
concluded that 1200 mg of calcium and 800 IU of vitamin D are the minimum daily
doses required in order to ensure optimal therapeutic effects (Tang et al. 2007).

It should be highlighted that the body's response to vitamin D supplementation may

depend on baseline serum concentrations. A study by Cooper et al. (2003) found no
beneficial effect of an additional 10,000 IU vitamin D per week to 1000 mg/day
calcium on BMD in postmenopausal women with normal vitamin D status. This
suggests that vitamin D supplementation does not confer any additional benefit if
serum 25(QH)D levels are already adequate.

Overall, however, the evidence to date appears to suggest a beneficial effect of
vitamin D on bone and fracture risk.

1.8.1.3

Vitamin K

There is growing evidence to suggest that vitamin K may help to protect against agerelated bone loss (Binkley et al. 2000). This has been confirmed by meta-analysis
(Cockayne et al. 2006), although there have been a number of RCTs which have
shown little or no effect (Bolton-Smith et al. 2007; Booth et al. 2008). Vitamin K is
an essential cofactor in the post-translational carboxylation of several bone proteins,
with QC being the most abundant (Booth, 2003).

A deficiency of vitamin K

therefore results in the synthesis of under-carboxylated osteocalcin (Szulc et al.
1996). Vegetables, particularly the dark green leafy variety, are known to be a rich
source of vitamin K mainly in the form of phylloquinone (Bonjour et al. 2009). Low
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serum concentrations of either phylloquinone or under-carboxylated QC have been
found to be associated with low BMD and increased risk of osteoporotic fracture
(Binkley et al. 2000).

1.8.1.4 Folate and Vitamin

Bl2

Increased levels of folate and vitamin B12 may indirectly influence bone by reducing
homocysteine, which has been suggested as a risk factor for fractures in older people
(McLean et al. 2004).

Vitamin BJ2 (cobalamin) may also be important for

stimulating osteoblast activity and bone formation (Kim et al. 1996). Results from a
number of large observational studies, the majority of which have been conducted in
older individuals, have demonstrated positive associations between plasma levels of
vitamin BJ2 (Stone et al. 2004; Dhonukshe-Rutten et al. 2005; Morris et al. 2005;
Tucker et al. 2005) or folate (McLean et al. 2004; Stone et al. 2004; Gjesdal et al.
2007) and BMD or fracture risk, although, again, not all studies have demonstrated
an association (Rejnmark et al. 2008).

Although intervention studies are important for provmg causality, very few
intervention studies have been conducted to examine the relationship between folate,
homocysteine and/or vitamin B12 and bone health (Sato et al. 2005; Green et al.
2007; Hermann et al. 2007). A large (n

=

628) double blind placebo controlled

intervention study, conducted over a period of two years in stroke patients, reported a
75% decrease in hip fracture after supplementation with folic acid and vitamin B12
(Sato et al. 2005). However, another recent supplementation study by Green et al.
(2007) showed no significant difference in the bone formation marker ALP or bone
re sorption marker CTX after two years supplementation with folic acid, vitamin B J2
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and vitamin B6 in 276 healthy older men and women. Another intervention study by
Hermann et al. (2007) observed no difference in BMD or bone marker status (CTX,
OC, PINP or TRACP) in osteoporotic patients following supplementation with folic
acid, vitamin B12 and vitamin B6 over a 12 month period. They did however show
that supplementation resulted in a 13% reduction in urinary levels of the bone
re sorption marker DPD.

Overall findings in relation to folate, vitamin B12 and bone status are inconsistent and
further work is required to establish the exact role of these nutrients in bone health.

In addition to the nutrients discussed above, there has also been a resurgence of
interest in the role of other macro-nutrients and micro-nutrients in bone metabolism.
Plausible theories for potential involvement in bone health have been made for fat,
magnesium, phosphorus, iron, zinc, copper, manganese, sodium and boron, however
for many of these nutrients the physiological, observational and trial evidence is still
weak and inconsistent. Associations to date have been mainly through observational
studies and there is insufficient evidence to draw any firm conclusions regarding a
protective effect of these nutrients on bone health. A possible reason for the lack of
research into many of these nutrients, in particular trace elements, may relate to
weaknesses and limitations with dietary analysis databases.

The effect of overall nutrient intake on bone health, especially on bone marker status,
therefore remains largely under-investigated, with the majority of research to date
primarily focusing on the influence of calcium and vitamin D on bone health. There
is a particular lack of intervention studies, and in the observational studies that have

47

Chapter 1

been carried out, there are a number of design weaknesses. The majority of studies
have assessed dietary intake by either 24-hour recall or FFQ (Freudenheim et al.
1986; Mazess & Barden, 1991; New et al. 1997). Very few studies have used seven
day diet histories to assess habitual dietary intake. Furthermore, many studies failed
to adequately adjust for total energy intake (McCulloch et al. 1990; Nelson et al.
1991, Ramsdale et al. 1994) or other potential confounding factors including weight,
height, smoking, socio-economic position and PA (Angus et al. 1988; Ramsdale et

al. 1994). In addition, most of the studies examining the influence of diet on bone
health have concentrated on bone mineral measurements rather than bone markers,
yet the evidence presented suggests that bone markers may provide a more useful
and more representative indication of overall bone turnover.

1.8.2

Physical Activity and Bone Health

It is now well established that PA or mechanical loading plays an important

functional role in the development and maintenance of bone mass and strength
(Fehily et al. 1992; Kannus et al. 1996), while the deleterious effects of immobility
on bone have also been well documented (Smith & Gilligan 1991; Kannus et al.
1996). Bone mass is under constant strain from mechanical loading and muscular
activity and must be able to adjust in order to control and support such strains
(Lanyon, 1999). Weight-bearing activity can help to attenuate age-related bone loss
by giving bones improved strength and flexibility, thereby reducing fracture risk.
Although it is difficult to compare studies directly, the general consensus appears to
be that PA, especially weight bearing activity, has an osteogenic effect on the
skeleton, thus stimulating osteoblastic activity and bone formation.
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A recent meta-analysis of 13 prospective cohort studies confirmed that moderate to
vigorous PA was associated with a 45% reduction in hip fracture risk in men and a
38% decrease in women (Moayyeri, 2008).

A previous systematic review of

randomised intervention trials also provided clear evidence that exercise programs
(both impact and non-impact) result in a decline in the rate of bone loss at the lumbar
spine in postmenopausal women (Wallace & Cumming 2000), whilst another metaanalysis by Kelley et al. (2002) concluded that both aerobic and resistance exercise
can have a beneficial effect on BMD at the lumbar spine in postmenopausal women.

It is, however, important to highlight that some strenuous weight bearing activity,

high intensity and resistance exercise programs can lead to an increased risk of injury
and falling (O'Loughlin et al. 1993; Latham et al. 2003). Furthermore, in the long
term, compliance with such forms of exercise may be low in older age groups
(Kallinen & Markku 1995).

1.8.3

Alcohol and Bone Health

Moderate alcohol intake has previously been shown to have a positive association
with BMD in pre- and peri-menopausal women (New et al. 1997; 2000),
postmenopausal women (Hansen et al. 1991; Holbrook & Barrett-Connor 1993; New

et al. 2000; Macdonald et al. 2004), men (Holbrook & Barrett-Connor 1993) and
older men and women (Felson et al. 1995; Rapuri et al. 2000; Tucker et al. 2002).
However, although a linear relationship has been established for BMD, the
association for fracture risk would appear to be non-linear, with a recent combined
analysis of three large prospective studies suggesting that moderate alcohol intake
«2 units/day) was not associated with increased fracture risk, while intakes above
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this threshold level were found to be associated with an increased risk of any type of
fracture (Kanis et al. 2005a). It is thought that moderate alcohol intake may exert a
favourable effect on bone by encouraging calcitonin secretion (Holbrook & BarrettConnor 1993; Rico, 1993) or by stimulating the production of androstenedione by the
adrenal glands and its conversion to estrone (Laitenen & Valimaki 1991), both of
which are beneficial to bone.

1.8.4

Smoking and Bone Health

Smoking is thought to have a detrimental effect on BMD. An early meta-analysis by
Law and Hackshaw (1997) reported that, of all hip fractures, one in eight was
attributable to smoking. A further meta-analysis of 86 (n

=

40,753) cross-sectional

and prospective studies by Ward and Klesges (2001) also reported an independent,
dose-dependent effect of smoking on bone loss, with effects strongest in men and in
older adults. Smoking was estimated to increase vertebral fracture risk by 13 % in
women and 32% in men, and by 31 % and 40% respectively for hip fracture risk.
Likewise, a more recent meta-analysis which examined 59,232 men and women from
ten prospective cohort studies noted a 25% increase in fracture risk in smokers
compared to non-smokers (Kanis et al. 2005b).

The mechanism for the effect of smoking on bone health remams unclear, but
nicotine exposure may result in impaired formation of new bone (Riebel et al. 1995),
while smoking may also decrease calcium absorption (Krall & Dawson-Hughes
1991).
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1.9

RELATIONSHIP BETWEEN DIETARY INTAKE AND MUSCLE

FUNCTION

Although many studies have examined the role of nutrient intake in bone health,
nutritional factors seem to have been somewhat overlooked as potentially
contributing to age-related decline in physical function and muscle strength.
Observational evidence indicates that FV may protect against age-related decline in
physical function and muscle strength (Cesari et at. 2004a; Houston et al. 2005;
Myint et at. 2007; Semba et al. 2007a,b; Lauretani et at. 2008). However, there are
few nutritional intervention studies with muscle strength and physical function
endpoints.

1.9.1

Fruit and Vegetables and Physical Function / Muscle Strength -

Observational Studies

A number of observational studies have shown positive associations between FV
consumption and physical function (Houston et al. 2005; Myint et at. 2007; Tomey
et al. 2008). The prospective Atherosclerosis Risk in Communities Study (ARIC) (n
=

9404 men and women) found that FV intake was negatively correlated with

disability and poor lower extremity function over a nine year follow-up period
(Houston et at. 2005). Results from the UK-based EPIC study (n = 16,792 adults,
aged 40 - 79 years) also found that increasing daily FV intake was associated with
better functional health (Myint et at. 2007).

A recent study by Dawson-Hughes et al. (2008) provides further evidence of an
association between FV intake and muscle mass. The results from this study of 384
men and women aged 65 years and over who had participated in a 3 year calcium
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and vitamin D supplementation trial showed a significant positive association
lJetween urinary potassium concentration and percentage lean body mass at baseline.
However, there was no association evident between urinary potassium and 3 year
change in percentage lean body mass. These findings nevertheless, would suggest
that higher intakes of potassium rich foods such as FV may be associated with the
preservation of muscle mass in older men and women (Dawson-Hughes et al. 2008).

1.9.2

Carotenoids and Physical Function / Muscle Strength - Observational

Studies

A number of observational studies have also examined the association between
nutrients commonly found in FV and physical function.

The majority of these

studies tend to suggest that antioxidants have a protective effect against decline in
skeletal muscle strength and physical performance, with most of the evidence
coming from cohort studies namely the Women's Health and Ageing Study (WHAS
I and II), the InCHIANTI Study, the ARIC Study and the Hertfordshire Cohort Study
(Semba et al. 2003; Cesari et at. 2004a; Houston et at. 2005; Semba et al. 2007a,b;
Lauretani et al. 2008; Robinson et at. 2008; Alipanah et at. 2009).

1.9.3

Dietary Intake and Physical Function / Muscle Strength - RCTs

Despite the fact that RCTs provide the least biased form of assessment and provide
an indication of specific causes rather than mere associations, there are clearly a
shortage of such studies in relation to the effect of dietary intake on physical function
and muscle strength. Indeed, the potential benefit of increased FV consumption on
direct measures of physical function and muscle strength has not yet been assessed in
a randomised intervention trial. Results from a randomised intervention trial (of
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behavioural counselling versus nutritional education counselling to increase FV
consumption) in 271 adults showed that increased FV intake over a 12 month period
was associated with improved physical function and self rated health (Steptoe et al.
2004). However, FV consumption only increased by 1.49 portions/day and by 0.87
portions/day in the behavioural counselling group and nutritional counselling group
respectively over the 12 month period. Results from other intervention studies also
suggest a beneficial effect of FV on physical function in older adults, however most
of these studies focused on the effect of overall lifestyle changes (which included an
increase in FV consumption) on physical function (Demark-Wahnefried et al. 2006;
Morey et al. 2009) rather than solely examining FV. Furthermore, participants in
these studies were overweight individuals (Morey et al. 2009) and/or cancer
survivors (Demark-Wahnefried et al. 2006; Morey et al. 2009), which again
compromises the generalisability of the results to healthy populations. These studies
also employed self report (SR) questionnaires to measure physical function rather
than more objective direct measures.

Intervention studies which have examined the effect of antioxidant intake on physical
function and muscle strength have produced inconsistent results with some showing
beneficial effects (Takanami et al. 2000) and others showing no favourable effects
(Clarkson & Thompson 2000). These previous RCTs have used younger age groups
or athletes (Clarkson & Thompson 2000; Takanami et al. 2000).

Overall, the evidence does suggest a positive role for FV/carotenoids on physical
performance and muscle strength. While the studies reviewed have shown positive
associations with FV, a variety of individual carotenoids, total carotenoids and
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antioxidants, few intervention studies have as yet examined the effect of increased
FV consumption on physical function.

1.9.4

Other Nutrients and Physical Function / Muscle Strength

In relation to other nutrients, low plasma levels of vitamin E (Ble et al. 2006) and
low dietary intakes of protein, vitamin E and folate as assessed by FFQ (Bartali et at.
2006) were associated with reduced physical function in a cross-sectional analysis
from the InCHIANTI study, whilst a longitudinal analysis also showed an
association between low serum levels of vitamin E and physical function decline
over a three year follow-up period (Bartali et at. 2008).

A significant positive relationship has also been observed between serum magnesium
concentration and muscle performance (Dominguez et at. 2006).

It has been

suggested that inadequate magnesium levels may trigger an inflammatory response
and increase oxidative stress within the mitochondria of muscle tissue, thus resulting
in muscle damage (Rock et at. 1995). Another cross-sectional study examined the
association between a summary measure of calcium, vitamin D, magnesium and
phosphorus and physical function. In this study of 321 older men and women who
received home delivered meals, an independent association was observed between
poor lower extremity physical performance and low nutrient score (Sharkey et at.
2003).

It is thought that vitamin D may influence muscle by binding to highly specific

vitamin D receptors found within muscle, which function to promote protein
synthesis and boost muscle strength (Bischoff et at. 2001). Most (Bischoff et al.
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1999; Visser et al. 2003; Bischoff-Ferrari et al. 2004; Gerdhem et al. 2005; Snijder et
at. 2006; Houston et al. 2007; Wicherts et al. 2007; Kuchuk et al. 2009), although
not all (Verreault et al. 2002; Kenny et al. 2003; Brunner et al. 2008; Lips et al.
2010) studies suggest that, in older adults, low serum concentrations of 25(OH)D are
associated with a decline in muscle strength, poor physical performance, impaired
balance and increased risk of falling. Longitudinal associations have also been noted
between vitamin D status and physical function or muscle strength (Visser et al.
2003; Gerdhem et al. 2005; Wicherts et al. 2007).

The evidence that vitamin D may protect against muscle loss and decline in physical
function comes not only from epidemiological studies, but also RCTs. A recent
meta-analysis of double blind, RCTs in older adults showed that vitamin D
supplementation in a dose of 700 - 1000 IU per day resulted in a 19% decreased risk
of falling in older adults (Bischoff-Ferrari et al. 2009b).

In contrast, a much larger randomized, double-blind, placebo controlled study
conducted in 33,067 community dwelling women, aged 50 to 79 years from the
Women's Health Initiative (WHI) study found no evidence to suggest that calcium
(1000 mg) and vitamin D (400 IU) supplementation has a protective effect against
physical function decline in older women (Brunner et al. 2008). This study, which
was also conducted over a much longer time period than other studies (average
follow-up 7.1 years), found no substantial effect of calcium and vitamin D on selfreported physical function or performance. However, it is difficult to compare these
findings with those of Bischoff-Ferrari et al. (2009b) since the vitamin D
supplementation was of a much lower dose (400 IU). Another recent randomised,
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double blind, placebo-controlled trial by Lips et al. (2010), although much smaller in
size (n = 226), showed that a once-weekly treatment with a much higher dose (8400
IU) of vitamin D over a period of 16 weeks did not significantly reduce body sway or
change physical function in vitamin D insufficient (serum 25(OH)D concentrations
~6

ng/ml and

~20

ng/ml) older adults aged 70 years and over, compared with

placebo. However, a post hoc analysis showed that the vitamin D supplement was
effective in reducing sway in those who had elevated sway at baseline.

Thus, although largely supported by epidemiological studies and the majority of
RCTs, the association between vitamin D and physical function is still open to some
debate due to a lack of consistency between studies. These may relate to differences
in baseline levels of vitamin D, supplement doses and the initial health status of
participants.

1.10

OTHER LIFESTYLE RELATED FACTORS AFFECTING
PHYSICAL FUNCTION AND MUSCLE STRENGTH

Apart from the influence of dietary intake, other modifiable environmental and
lifestyle factors, especially PA, alcohol consumption and smoking may exert an
effect on physical function and muscle strength.

1.10.1

Physical Activity, Physical Function and Muscle Strength

Lifestyle or habitual PA (such as walking, housework or gardening) in later life may
have a positive impact on physical function and muscle strength, thus enabling older
people to maintain independence for longer, live longer and have generally better
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health and wellbeing than those who are inactive (Simons et al. 1996; Rantanen et al.
1999b).

A number of intervention studies have examined the effect of PA on physical
function. Results from a systematic review of 20 RCTs in frail older adults suggest
that regular exercise training can improve functional performance (Chin et al. 2008).
A recent Cochrane review of 121 RCTs in older adults (n = >6,700) also supports the
efficacy of progressive resistance training in improving physical function and muscle
strength in older adults, noting a marked improvement in activities of daily living
such as walking, climbing steps or rising up from a chair (Liu & Latham 2009).

Most of the trials reviewed above were facility-based, group exercise programmes
involving structured, high intensity progressive resistance training or multicomponent training, performed two to three times per week. Activity programmes
based on daily habitual PA or low intensity activity, such as walking, may be more
realistic and more acceptable to older people than high intensity or vigorous training,
as it can easily be incorporated into their usual daily activities. A recent intervention
which combined data from two 6-month RCTs (Project LIFE and Project LEAD)
reported that older sedentary adults who reported undertaking

~

150 minutes of

moderate PAper week had significantly higher physical function than those who did
not (Morey et al. 2008).

Although most studies focusing on home based activities of daily living have
reported positive effects on measures of physical function (including balance, rising
up from a chair and co-ordination) (Campbell et al. 1997; Barnett et al. 2003), and
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muscle strength, a more recent study by Kerse et al. (2008) found that a moderate
intensity, group based exercise programme, which was also based on activities of
daily living, did not confer any significant benefits on physical function in 682 frail
older people aged 65 years and over, living in residential care. However it is difficult
to make conclusions from these studies due to heterogeneity in the types and
intensities of activity being undertaken, the study durations and the outcome
measures.

Interpreting results is also difficult due to different age groups and

varying degrees of frailty in the participants. Compliance within these studies is also
questionable. For example, in the study by Kerse et al. (2008), participants were
frail and it was estimated that 45% of them were undertaking no activity or only a
few activities.

Results from observational studies, whether cross-sectional (Guralnik et al. 1994b;
Brach et al. 2004; Marsh et al. 2006; Martin et al. 2008) or prospective/longitudinal
(Rantanen et al. 1999b; McAuley et al. 2007) also suggest that increased habitual PA
may be associated with improved muscle strength and physical function. Results
from prospective studies also highlight the importance of maintaining PA over a
period of time and suggest a dose-response relationship (Brach et al. 2003; Daly et
al. 2008).

1.10.2

Alcohol and Physical Function

Although the detrimental effects of excess alcohol are well documented, particularly
in relation to increased risk of falling and mortality (Ferreira & Weems, 2008), there
is still debate surrounding the effects of moderate alcohol intake on physical
function.

Most studies suggest no association between a reduction in physical
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function and moderate alcohol consumption (Lang et al. 2007), and even an
association between moderate alcohol intake and a decreased risk of functional
decline (Wang et al. 2002; Maraldi et al. 2009). A number of cross-sectional studies
also suggest that moderate alcohol consumption is associated with lower disability,
lower rates of self-reported mobility limitations and better objective physical
performance (Nelson et al. 1994; Reid et al. 1999; Cawthon et al. 2007).

However, these studies are all observational and therefore do not allow any
conclusions regarding a cause-effect relationship. Comparing studies is also difficult
due to different definitions of moderate alcohol intake. In addition, in many of the
studies, the associations observed were attenuated after adjusting for confounding
factors which suggests that the observed relationships may be due to other factors. It
is possible that other lifestyle characteristics, such as dietary intake, PA, body weight
and social class, may be stronger determining factors of physical function than
alcohol intake (Maraldi et al. 2009). Alternatively, the recognised protective effects
of moderate alcohol intake on physical function may reflect the positive association
between moderate alcohol intake and inflammatory status and cardiovascular health
(Volpato et al. 2004).

1.10.3

Smoking and Physical Function

Functional decline in older adults has also been associated with smoking (Nelson et
al. 1994; Stuck et al. 1999; Wang et al. 2002; Bishop et al. 2009).
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1.11

MEASUREMENT OF PHYSICAL ACTIVITY

PA is a modifiable risk factor for many chronic diseases and accumulating evidence
shows that it may play an important role in preventing the functional limitations
associated with ageing. PA has a myriad of effects. In older adults in particular,
research suggests that increased PA may help to maintain mobility and bone mineral
status and may help to improve muscle strength and overall physical function and
thus reduce the risk of falls and fractures (Moayyeri, 2008). Despite the evidence
supporting the positive effects of PA on ageing, there is usually a decline in PA
levels with advancing age. It has been reported that in Europe approximately 80% of
people aged 65 years and older do not participate in any form of strenuous PA and
55% do not engage in moderate PA (Schuit, 2006). The Health Survey for England
(2008) also reported that the proportion of adults meeting PA recommendations
decreased with age, in both males and females.

Physical activity is not a single entity: it is a complex and dynamic process. This
complexity of PA in terms of intensity, frequency, duration and type therefore makes
it difficult to measure accurately. Several different methods are available for both
the measurement and assessment of PA ranging from expensive laboratory
procedures, such as the doubly labelled water method, to subjective measures such as
SR questionnaires.

Although doubly labelled water is recognised as the "gold"

standard for estimating free living total energy expenditure, it cannot describe
patterns of PA and is too expensive and impractical for use in populations (Starling
et al. 1999).

Traditionally, PA has been assessed by SR methods using

questionnaires, interviews or activity diaries. The advantage of these methods is that
they are inexpensive and easy to administer to large population groups (Paffenbarger
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et al. 1993). They can also provide information regarding the type and duration of
P A.

However, because of their subjective nature, the validity, repeatability, and

reliability of SR methods are questionable (Jakicic et al. 1998; Irwin et al. 2001;
Shephard, 2003). They are prone to systematic error particularly in older adults, as
they are highly dependent on cognitive ability and memory recall. Reporting bias
through social desirability and individual misinterpretation of intensity, frequency
and duration of PAis also a common problem (Sallis & Saelens 2000; Duncan et al.
2001; Adams et al. 2005), with individuals often overestimating (Mahabir et al.
2006) or underestimating (Rush et al. 2008) their activity levels. It is very often the
case that individuals will unrealistically estimate the amount of time spent
participating in P A. While many individuals may report time spent participating in
physical activities, it is very often the case that only a proportion of that time is
actually spent being active. Irwin et al. (2001) noted that the difference between SR
and the doubly labelled water method could be as high as 30 ± 9.9%. In addition,
many individuals have difficulty distinguishing between different intensity levels of
P A.

Questionnaires also fail to fully capture patterns of daily activity and

fluctuations in levels of activity throughout the day.

The use of objective measures, such as accelerometers, for assessing P A are thought
to remove many of the inherent problems associated with SR. They operate through
a motion sensor which records the number and magnitude of accelerations generated
through bodily movement (Andre & Wolf, 2007). The acceleration signals are then
integrated to compute an accelerometer count. Unlike questionnaires, accelerometers
can directly measure the intensity, duration and pattern i.e. volume and frequency of
activity, and are not subject to bias (Mathie et al. 2004). Accelerometers can also
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discriminate between low and moderate intensity PA (Hendrick et al. 2009).
Furthermore, they have an advantage over questionnaires in that they can monitor
activity over a continuous 24-hour period and over prolonged periods of time.
However, they fail to provide qualitative information on the type of activity being
undertaken.

They also have limited ability in accurately capturing unstructured

activities of daily living which are frequently undertaken by older adults (King et al.
2001). Nonetheless, accelerometry offers a practical and relatively inexpensive
method for obtaining a direct and objective measure of PA, and therefore are ideally
suited for use in free-living individuals. In addition, the majority of accelerometers
are small in size and unobtrusive and therefore do not restrict body movement
(Mathie et al. 2004). More specific types of accelerometers such as the tri-axial
accelerometer are also highly sensitive, in that they are able to detect even small
changes in motion or movement while sitting or standing. Overall though, there is
no single "gold standard" available for measuring habitual PAin population studies.

1.12

CONCLUDING REMARKS OF LITERATURE REVIEW

Maintaining bone health, muscle strength and physical function is an important
component of healthy ageing. Although the evidence suggests that FV may play an
important role in musculoskeletal health, there is still considerable controversy and
uncertainty. Much of the evidence to date comes from observational cross-sectional
studies from which it is difficult to draw any causal conclusions. Although a number
of intervention studies have been undertaken, most of them have been complex in
design (involving more than one dietary or behaviour change) or have focused solely
on nutrients rather than whole foods. These studies have thus failed to capture the
effect of increased FV consumption on musculoskeletal health.

Some of the
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intervention studies to date have also involved consumption of very high quantities
ofFV in order to maximise the chances of detecting an effect, however in a 'real' life
setting this approach does not seem practical or realistic. A number of studies have
also failed to give careful consideration to the population to be studied and recruiting
participants with low habitual consumption of FV may prove more efficacious.
Furthermore, a large number of studies have focused on postmenopausal women or
people with varying degrees of disability, yet there is a dearth of studies involving
healthy older adults, both male and female.

Methodological limitations are also

widely manifest throughout many of the studies reviewed, with many studies
employing subjective SR questionnaires to assess dietary intake, physical function
and PA. Such methods are prone to inherent error such as under- or over-reporting,
which thus compromises the validity of the findings.
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2.1

AIMS

Although the health benefits of increasing FV consumption are widely recognised,
few intervention studies have specifically examined the effect of eating more FV on
health-related

endpoints,

musculoskeletal health.

including

reducing

the

age-related

decline

III

In an age, when populations are ageing and increasing

demands are placed on healthcare resources, modification of lifestyle factors such as
FV intake, if proven to be of benefit, would be a practical way of preventing the
decline in musculoskeletal health.

The preceding literature review has provided an insight into the ageing process,
especially in relation to musculoskeletal health. In addition, the review has reviewed
the evidence to suggest that lifestyle factors such as FV intake and PA have a
potential impact on musculoskeletal health. Based on the evidence presented, the
main aim of the thesis was to examine the effects of increased FV consumption on
musculoskeletal health in adults aged 65 years and above.

The main objectives of the thesis were therefore to:
1. determine barriers associated with FV consumption in older adults (overall
study design described in chapter 3) and to determine whether participating in
a FV intervention can alter these barriers (Chapter 3).
2. determine associations between usual FV intake, and associated nutrient
intake and status, acid-base balance of the diet and bone markers in older
adults (Chapter 4).
3. determine whether a 16 week FV intervention alters acid-base balance and
bone marker status in older adults (Chapter 5).
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4. assess PA levels in older adults and compare two different methods for
assessing habitual PA levels: SR validated PA questionnaire versus 7 day
accelerometer (Chapter 6).
5. explore the associations between usual FV intake, and associated nutrient
intake and status, PA, bone markers and physical function and muscle
strength in older adults (Chapter 6).
6. determine whether a 16 week FV intervention alters physical function and
muscle strength in older adults (Chapter 7).

2.2

OVERVIEW OF STUDY DESIGN

The main study described in this thesis (named the Ageing and Dietary Intervention
Trial (ADIT)) was a randomised controlled parallel group trial, primarily designed to
examine the effect of the recommended 5 portions FV/day compared to

~

2

portions/day on clinically relevant measures of immune function in an older
population over 16 weeks.

The primary endpoints were examined by another

member of the research team.

The secondary endpoints used in this thesis were a panel of markers of bone and
muscle function.

The study also assessed barriers to FV consumption at both

baseline and at the end of the intervention. The study design is summarised in Figure
2.1
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Vaccination to tetanus toxoid
and Pneumovax II

Randomisation

,,_ _ _ _ _ _ _ _ _ _ _ _ _....t!_ _ _ _ _ _ 2 portions/day

83 participants
(~ 65 years; S 2
portions FV per
day)

\-------"""T'""-----........,.-------,1 5 portions/day
Week 0

Week 6

Week 12

Week 16

Dietary intake
Nutrient status
Bone markers

Dietary intake
Nutrient status
Bone markers
Physical function
Muscle strength

I

T T

T

Dietary intake
Dietary intake
Nutrient status
Nutrient status
Bone markers
Accelerometer
Physical function (week 1)
Muscle strength (week 1)

Main Outcome Measures

Figure 2.1. Overview of ADIT study design
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2.2.1

Recruitment of Participants

The fieldwork for the study began in October 2006. A total of 83 healthy, older free
living participants with low FV intakes

(~

2 portions daily) were recruited. One

participant dropped out due to personal reasons unrelated to the study. Therefore a
total of 82 participants completed the 16 week intervention.

Participants were recruited through press releases to local newspaper and Age
Concern bulletins, presentations to senior citizen community groups and from
hospital outpatient clinics.

Individuals interested in participating in the study were given an information sheet
outlining the study'S objectives, design and assessments (refer to appendix 1). This
document also described any associated risks in participating in the study. Af:ter
being given time to read the information sheet independently, a home screening visit
was arranged with the individual to assess eligibility for participating.

2.2.2

Study InclusionlExclusion Criteria

Suitability to participate in the study was based on the following screening criteria
(refer to appendix 2):-

Inclusion criteria:
•

Age 65 - 85 years

•

Habitual consumption of FV

~

2 portions daily
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Exclusion criteria:
•

Those on special diets, taking nutritional supplements or medications known
to affect immune function or absorption of nutrients

•

Excessive alcohol consumption (>28 units/week for men, >21 units/week for
women)

•

Body mass index> 35 kg/m2

•

History of diabetes or dementia

•

Pneumovax II vaccination within previous 2 years

•

Inability to provide informed consent

•

Any other problem which would prevent adherence to a high FV diet

•

Recent infection

«

3 weeks since completion of any antibiotic course or

symptoms of viral illness)

Prospective participants who had higher levels of FV consumption than required i.e.
>2 portions/day, but who satisfied all other inclusion criteria were put on a four week
wash out, during which they were asked to consumed:::; 2 portions per day, prior to
randomisation.

Before commencmg the study, participants were asked to SIgn a consent form
confirming their willingness to take part (refer to appendix 3). They were also
informed that they were free to withdraw this consent at any stage without further
explanation or without compromising their future medical care.

Standard letters

detailing the study's objectives, design and protocol and reason for involving their
patient were also sent to each participant's general practitioner (refer to appendix
4).
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2.2.3

Randomisation

Individuals who were eligible and willing to take part were randomised (using a
block randomisation approach (block size n

=

8) with computer-generated random

numbers) to one of two arms - either to increase their FV consumption to at least 5
portions a day, or to follow their normal diet (therefore consuming:::; 2 portions a
day), for a period of 16 weeks.

2.2.4

Dietary Intervention

Intervention group - participants randomised to the intervention group were asked to
consume 5 portions of FV per day.

Each participant was instructed as to what

defined a portion and was provided with portion size guides. For the purposes of this
study, a portion was defined using the Food Standards Agency guidelines, i.e. an 80
g serving (one apple, orange or banana, or three heaped tablespoons of vegetables)
(http://www.eatwell.gov .uk).

Control group - controls were asked to maintain their usual diet i.e. 2 portions or less
ofFV per day.

All participants were fully informed of the study design and purpose at the start of
the study, and were therefore aware that they may be randomised to the control group
whereby they would maintain their usual diet. At the end of the study, those in the
control group were given advice as to how they could increase their FV intake.

Over the course of the intervention, participants were asked to make a note of any
recent infections or illness, and any newly prescribed medications and to minimise
other changes to health and lifestyle behaviours. Participants were also asked not to
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commence any new dietary supplements or vitamin supplements during the course of
the intervention.

At the end of the intervention, participants in both intervention and control group
each received £100.00 to compensate for any inconvenience which the study may
have caused and to cover any expenses incurred as a result oftaking part in the study.

2.2.5

Monitoring Compliance

Compliance was monitored in both intervention and control group by diet history
interview and laboratory assessment of micronutrient status at baseline, 6 weeks, 12
weeks and 16 weeks.

Older people represent a special group in terms of their dietary needs, and the
physical and physiological changes due to ageing that will affect their diet (teeth
deterioration, reduced digestive function). The effects of this were minimised in this
study by the use of extensive personal dietetic advice and nutritional counselling to
encourage incorporation of the FV into the person's diet without, for example,
compromising energy intake, and in line with their physical capabilities. Compliance
was encouraged by provision of menu suggestions, and recipes. All participants
were contacted at weekly intervals by telephone to deal with any difficulties, provide
positive reinforcement and therefore encourage compliance.

Participants were allowed a free choice of FV for consumption over the study. No
prescriptive list was offered to participants at any point.

Participants were

encouraged, however, to consume as wide a variety of FV as possible as botanical
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diversity is thought to play an important role in determining the bioactivity of FV
rich diets (Thompson et al. 2006). At the time of FV selection, the researchers
recorded participants' FV choices while discussing feasibility issues such as storage,
cooking methods and preparation of composite dishes. In order to support dietary
compliance while minimising personal expense and maximising food freshness
during the intervention phase, each participant (whether randomized to intervention
or control) received weekly home deliveries of FV from a local supermarket. In
order to preserve the micronutrient content of the FV, advice was given to all
participants regarding the most suitable forms of storage, preparation and cooking
methods of the FV.

2.3

DATA COLLECTION

For the purpose of this study, only the methods which are relevant to the endpoints
presented in this thesis will be described in detail:- anthropometric measurements,
dietary assessment, blood pressure, blood and urine sampling, medical and lifestyle
questionnaire, PA measurements, physical performance assessments, muscle strength
assessment and barriers to FV questionnaire (refer to chapter 3). In addition to the
above, it is important to mention that all participants were administered a tetanus and
pneumovax vaccination at week 12 in order to assess the primary outcome of
Immune response.
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Table 2.1: Overview of methods used during the 16 week intervention study
Week
0

Week
1

Week
6

Week
12

Week
16

Height/Weight

x

x

Blood pressure

x

x

Non-fasting urine sample

x

x

x

x

Fasting blood sample

x

x

x

x

Diet history interview

x

x

x

x

SR P A questionnaire

x

Seven day P A assessment

x

Physical function assessments

x

x

Hand grip muscle strength

x

x

Medical and lifestyle questionnaire

x

Change in lifestyle questionnaire
Barriers to FV questionnaire

x

x

x

x
x

x = measurement performed

2.3.1

Anthropometric Measurements

Standing height was measured to the nearest 0.1 cm using the Leicester portable
height measure.

For measuring standing height, participants were asked to stand

erect, against the vertical backboard of the stadiometer, with their chin parallel to the
floor and facing forwards. The participant's weight was evenly distributed on both
feet and their head positioned in the Frankfort Horizontal Plane.

A movable

headboard was lowered onto the top of the participants head and the measurement
recorded.

Body weight was measured to the nearest 0.1 kg using a recently calibrated digital
weighing scale (Tanita HS-30 1, Tanita, Yiewsley, UK). Participants stood straight
and still over the centre of the scale platform, looking straight ahead, with body
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weight evenly distributed between both feet.

For both height and weight

measurements, participants wore no shoes.

Height and weight measurements were subsequently used to calculate body mass
index (BMI): (weight (kg) / height (mt

2.3.2

Blood Pressure Measurements

Blood pressure was measured from the dominant arm using a recently calibrated
Omron M5-I automatic blood pressure monitor (Omron Healthcare, Hoofddorp, The
Netherlands). Two consecutive measurements were recorded after the participant
had been sitting at rest for at least five minutes. Blood pressure was measured prior
to the blood sample being taken.

2.3.3

Blood and Urine Samples

Fasting serum and non-fasting urine samples were collected from participants at
weeks 0, 6, 12 and 16. Participants were asked to provide the non-fasting urine
sample between 1.30 pm and 5.30 pm on the day before the scheduled home visit,
and to keep the sample refrigerated.

At week 0, week 12 and week 16 of the

intervention, each participant gave a 50 ml fasting blood sample. At week 6, a 43 ml
fasting blood sample was obtained.

All blood samples were obtained from

participants in their home between 8.00 a.m. and 10.00 a.m. EDTA samples were
stored on ice while serum samples were stored at room temperature in the dark.
Samples were then transported back to the laboratory, centrifuged at 3000 rpm for 15
minutes at 4°C and separated appropriately for the proposed assays within two hours
and where necessary stored in aliquots at -80°C until analysis (refer to Appendix 5).
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The time of sampling was recorded. The non-fasting spot urine sample was stored at

-80 D C until analysis.

2.4

DIETARY ASSESSMENT

2.4.1

Diet History Method

At weeks 0, 6, 12 and 16, dietary data were collected using the seven day diet history
method (van Staveren et at. 1985).

This consisted of a detailed open-ended

interview, the purpose being to ascertain the habitual food intake of each participant
and more specifically to assess their FV intake. The diet history was also used to
calculate baseline nutrient intake.

The purpose of the interview was explained to the participant before commencing.
Study participants were asked to recall their usual weekly meal and snack food intake
by reporting the frequency, amounts and methods of preparation of foods consumed.
Data were collected separately for weekdays and weekend days. Meals were divided
into the following order:Breakfast (or first eating occasion of the day)
Lunch
Evening meals
Morning, afternoon, evening snacks
Final checklist (sweets, yoghurt, fruit intake, vitamins)
The initial part of the interview involved obtaining information on the usual content
of meals and snacks eaten during a typical week. Open questions were asked rather
than leading questions, the purpose being to encourage the participant to respond
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with a descriptive answer rather than 'yes' or 'no' answers. Apart from the food
items themselves, the participants were also asked for further details such as: brand
names, cooking methods, amount and types of cooking oils or fats used and whether
foods were bought, homemade, frozen or tinned. In the case of FV, participants were
asked whether they were fresh, frozen, tinned, dried, pureed. If it was mentioned that
foods were homemade, the full recipes were recorded where possible.

Examples of questions asked:Breakfast/lunch

- How often would you have breakfast during the week?
- What would you usually eat for breakfast/lunch?
- Would you eat any FV for breakfast/lunch?
- Type of cereal
- Type of milk - full cream, semi-skimmed, skimmed etc
- Any extras added - fruit, yoghurt, sugar, honey etc
- Type of bread - white, brown, wholemeal, wheaten etc
- Type of fat spread - butter, low fat spread etc

Cooked meals

- Make/type of soup - canned, homemade, flavour etc
- Type of vegetable - frozen, tinned, fresh
- boiled, steamed, roasted, raw
- Type of potato - boiled, steamed, roasted, baked
- peeled, unpeeled
- Type of meat - fried, grilled, roasted
- fat/skin eaten/not eaten
- Added sauces - type, homemade, bottled, dried
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- Type of drinks - hot, cold, carbonated, concentrated,

Drinks

unsweetened, diluted, smoothie etc
- Additions - sugar, milk, cream

Amounts of foods were reported in household measures (for example one
tablespoon) or natural measures (for example one slice).

At the start of the

intervention, all participants were supplied with a tablespoon and glass for
determining portions sizes.

Each dietary interview lasted approximately 45 minutes per person, depending on the
complexity and stability of the eating patterns. At the end of each diet history, a final
crosscheck was carried out to clarify and expand upon the information already
recorded, and to check for inaccurate or missing information.

Participants were

prompted with further questions concerning foods which are often omitted or
forgotten, such as sweets, yoghurt, cheese, vitamin supplements and alcohol. To aid
recall of foods eaten, participants were also encouraged to record their FV intakes
seven days prior to each home visit. Nutrient intakes from both foods and beverages
were analysed.

2.4.2

Analysis of Nutrient Intake

Following completion of the diet history, all food quantities were converted into
grammes. Food Portion Sizes (Food Standards Agency, 2006) were also used to
quantify intakes. Energy and nutrient intakes were calculated by entering the dietary
data onto an extensive computerised food analysis database based on UK food
composition tables (WISP, Tinuviel Software, Warrington, U.K.).

The results
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obtained were expressed as a mean intake of seven days and included both energy
and nutrient intakes. The number of daily FV portions was also assessed from the
diet histories by two independent researchers who were blinded to the participants'
group allocation.

2.4.3

Calculation of NEAP and PRAL

PRAL and NEAP were calculated according to the algorithms by Remer et al.
(2003):Estimated NEAP (mEq/day)

=

PRAL (mEq/day) + OA (mEq/day)

Where:PRAL (mEq/day) = 0.49 x protein (g/day) + 0.037 x phosphorus (mg/day) - 0.021 x
potassium (mg/day) - 0.026 x magnesium (mg/day) - 0.013 x calcium (mg/day)
OA (mEq/day)

=

individual body surface area (m2) x 41/1.73

Where:Individual body surface area (m2) = 0.007184 x height (cm)O.725 x weight (kg)O.425
(Dubois and Dubois, 1916)

2.5

ASSESSMENT OF PHYSICAL ACTIVITY, MUSCLE STRENGTH

AND PHYSICAL FUNCTION

2.5.1

Self-Report Physical Activity Questionnaire

PA was assessed using a validated PA questionnaire (refer to appendix 6) from the
British Women's Heart and Health Study (Lawlor et al. 2002). This questionnaire
was based on a P A questionnaire previously used in the British Regional Heart Study
(Shaper et al. 1991), with the addition of questions on housework (Lawlor et al.
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2002). Participants were first asked the speed of their usual walking pace (slow,
steady, brisk or fast), and secondly for the number of hours, in a typical week during
the past year, spent participating in light housework (e.g. cooking, washing up,
dusting), heavy housework (e.g. hoovering, washing floors / windows), DIY,
walking, cycling, light gardening (e.g. pruning and watering), heavy gardening (e.g.
digging and mowing) and any physical exercise or sport. Number of hours spent
walking, cycling, gardening and doing exercise / sport were requested separately for
summer and winter. For the purposes of analysis, moderate - vigorous activities
included heavy housework, DIY, brisk or fast walking, cycling, heavy gardening and
exercise / sport, based on the US Surgeon General's Report on PA (United States
Department of Health and Human Services, 1996) (Shaper et al. 1991; Lawlor et al.
2002).

2.5.2

Seven Day Physical Activity Assessment

Each participant was asked to wear a validated, water-resistant, Bluetooth-enabled,
triaxial accelerometer (Ware et al. 2008) on their right wrist for seven consecutive
days. This monitor contained a miniature triaxial accelerometer unit which produced
a signal with any body movement, up to acceleration levels of 6 g. The amplitude of
each body movement was recorded within the unit.

The purpose of the

accelerometer was to record daily activity (24 hours per day). While wearing the
accelerometer, participants were asked to continue with their normal daily routine
and were also informed that the device could not record specifically what they doing,
it could only measure levels of movement every two minutes. Participants were
asked to wear the seven day accelerometer at all times including sleeping, bathing
and swimming. The accelerometer was collected from the participant on day seven
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and the data downloaded via a Bluetooth microprocessor.

If the accelerometer

showed signs of malfunction or if technical problems occurred, participants were
asked to wear a replacement accelerometer for a further seven day period. If the
participant removed the accelerometer at any time during the seven day period, they
were asked to record the times and dates of removal.

The output data was divided into three categories depending on intensity of activity:
light intensity (1.06 - 1.14 g i.e. MET 1.5 - 2.99), moderate (1.15 - 1.39 g i.e. MET 3
- 5.99) and vigorous

(~1.4

g i.e. MET ~ 6). The data was analysed by calculating the

number of minutes spent in each category of activity. Total PA was defined as the
time (hours / week) spent in moderate and vigorous PA and as the total activity level
(g / week).

2.5.3

Physical Performance Assessment

Physical performance was assessed pre- and post-intervention. All participants were
asked to refrain from consuming high caffeine drinks such as coffee or cola for 24
hours prior to the physical performance assessment, in case these would affect
performance in the tests. The physical performance assessment included the
following tests:-

2.5.3.1 Assessment of Muscle Strength
Handgrip strength was assessed using a hand-held dynamometer.

Initially a

measurement was taken of the distance from the base of the participant's thumb to
the tip of their first finger on the right hand. This measurement was divided by two
in order to calculate the adjustment needed on the dynamometer to fit the
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participant's hand size. The participant was then asked to sit with their elbow flexed
at 90 degrees, with the upper arm tight against the body and the dynamometer
positioned so that the dial faced outwards. Participants were asked to squeeze the
handle of the dynamo meter as hard as possible, in order to exert the best possible
force. Measurements (in kilograms) were repeated three times with each hand. For
data analysis, an average was calculated from the best of three attempts with each
hand.

2.5.3.2 Assessment of Lower-Extremity Physical Function

Lower extremity physical function was determined by the SPPB (Guralnik et al.
2000).

This battery assesses performance on three objective tests of physical

function: i) 8-foot walking speed, ii) repeated chair stand (time taken to rise from a
chair five times) and iii) standing balance.

i) 8-foot walking speed test.
An 8-foot walk course was measured using a metal rule, with start and finish lines
clearly marked. Each participant was asked to walk a distance of eight feet at their
usual speed. The time taken in seconds to complete the walk was recorded. The test
was then repeated. Walk speed was defined as the fastest time of the two walks. If
required, participants were permitted to use any walking aids such as a walking stick.

ii) Repeated chair stand test.
Participants were asked to fold their arms against their chest and sit upright on a
firm, padded armless stool which was positioned against a wall.

Initially,

participants were asked to rise from the stool once with arms folded across their
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chest. If they were able to perform this task successfully, they were then instructed
to stand up and sit down five times as quickly as possible, again with arms folded
across their chest. Participants were also reminded to straighten their legs fully when
rising off the chair. The total time taken in seconds to complete the five chair stands
was recorded. The same stool was used for testing all participants.

iii) Standing balance test
Balance was assessed by three tests, each one being progressively more challenging:-

Side-by-side: participants were instructed to stand with their feet side by side and
hold the position for 10 seconds.

Semi-tandem: participants were instructed to stand with one foot next to and halfway
in front of the other for 10 seconds.

Full-tandem: participants were instructed to stand with the heel of one foot directly
in front of and touching the toes of the other foot for 10 seconds.
The semi-tandem and subsequent full-tandem positions were only attempted if the
participant was able to perform the side-by-side position. Participants carried out the
tests unaided. Participants were scored according to performance (refer to Table 2.2
for classification of scores).

iv) Summary score of lower extremity physical function
A composite score (SPPB score) for overall lower extremity physical function was
derived from performance on each of the three physical function tests (8-foot
walking speed, standing balance, and repeated chair stand test) according to the
scoring system in Table 2.2. The scores for the 8-foot walk test and repeated chair
stand test were based on quartiles of performance.

Summary scores could range
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from 0 (worst) to 12 (best) depending on performance, with higher scores indicative
of a better performance. The internal consistency of the summary scale used in the
current study was 0.61, as assessed by Cronbach's alpha.

Table 2.2: Scoring system used to calculate SPPB score
Score

8 foot walk test

Repeated chair stand test

Standing balance test

o

Unable to complete test

Unable to complete test

Unable to complete test

:?: 5 seconds

> 12.25 seconds

Able to hold a side-by-side
stand for 10 seconds but
unable to hold a semi-tandem
stand for 10 seconds

2

4 seconds

12.25 - 10.01 seconds

Able to hold a semi-tandem
stand for 10 seconds but
unable to hold a full tandem
stand for more than 2 seconds

3

3 seconds

10.00 - 9.01 seconds

Able to hold the full tandem
stand for 3 to 9 seconds

4

~

:s 9.00 seconds

Able to hold the full tandem
stand for 10 seconds

2.6

2 seconds

MEDICAL AND LIFESTYLE QUESTIONNAIRE

At baseline, a confidential questionnaire was used to obtain demographic information
and medical history. The questionnaire assessed the following:- medical history,
previous occupation, years in full-time education, smoking and drinking habits, use
of hormone replacement therapy (in females), age at menopause (in females), any
previous occurrence of bone fractures (refer to appendix 7). A similar but shorter
questionnaire was also used to assess changes in lifestyle and PA at week 6, 12 and
16.
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2.7

LABORATORY PROCEDURES AND ANALYSIS

All the chemicals used for laboratory analyses were purchased from the Sigma
Chemical Company, Fancy Road, Dorset, Poole, unless otherwise stated.

All of the methods described below are in routine use in our laboratories in other
studies. All methods are performed with careful attention to quality control and with
participation in external quality control schemes where available.

Standardisation

against available international standards (e.g. National Institute of Standards and
Technology materials for lipid-soluble vitamins and ascorbate) is carried out where
possible.

Laboratory analyses were carried out by investigators blinded to

participants' group allocation.

2.7.1

Biochemical Markers of Nutritional Status

The following biochemical markers of nutritional status were assessed at baseline
and at week 6, 12 and 16:-

(i)

Vitamin A and carotenoids

Serum concentrations of retinol, and the six carotenoids (lutein, zeaxanthin, pcryptoxanthin, a-carotene, p-carotene and lycopene) were determined by reverse
phase HPLC with diode array detection according to Craft (1992).

Results were

analysed using Chromquest 4.2 software (Thermo Fisher Scientific, Massachusetts,
USA). Standards used in the assay were supplied by either Sigma (Sigma-Aldrich,
Poole, Dorset, UK) or Chemos GmbH (Regensburg, Germany).
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This assay is validated against the National Institute of Standards and Technology
(NIST) Standard Reference Material 968c for fat-soluble vitamins, carotenoids and
cholesterol in human serum, and is externally quality assured three times a year using
samples supplied by the French Society for Vitamins and Biofactors.

In-house

quality control samples were also included in every run. Intra-assay coefficients of
variation (CV) were <7% for each analyte, and inter-assay CVs <10%.

(ii)

Vitamin C

Plasma ascorbate was measured by automated fluorimetric assay on a Cobas FARA
centrifugal analyser with a fluorescent attachment according to Vuilleumier & Keck
(1989). Ascorbic acid was preserved at collection in plasma (100 !ll) samples with a
5% metaphosphoric acid solution, which was stored at 4 °c and prepared fresh every
two weeks.

The vitamin C assay is validated against the National Institute of Standards and
Technology (NIST) Standard Reference Material 970 for ascorbic acid in serum.
The vitamin C assay is externally quality assured three times a year using samples
supplied by the French Society for Vitamins and Biofactors. In-house quality control
samples are also included in every run. At a mean concentration of 4.2 !lmol/l, the
inter-assay CV was 6.80% (n

=

9), at 50.6 !lmol/l the inter-assay CV was 0.72%,

while at 151.0 !lmolll the inter-assay CV was 1.50%.

(iii)

Vitamin B 12 and Folate

Plasma vitamin B12 and folate concentrations were measured by competitive protein
binding utilized by the SimulTRAC-SNB radioassay kit (ICN Pharmaceuticals,
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California, USA).

57

The two tracers ([ CO] for vitamin

B12

and

[125 1]

for folate),

binders and standards are supplied in a combined form. The unlabelled B 12 or folate
competes with its labelled species for the limited number of binding sites on its
specific factor. Therefore the level of radioactivity bound is inversely proportional to
the concentration in the plasma sample.

(iv) Vitamin D
Serum 25(OH)D was measured by ELISA using kits purchased from purchased from
1mmunodiagnostic Systems Limited (Tyne and Wear, UK).

Microwells were

supplied with the kit and were pre coated with a highly specific sheep 25(OH)D
antibody. Prior to use, all solutions were equilibrated to room temperature and the
assay was performed at 18 - 22 DC. All samples were tested in duplicate. Samples
above the dynamic range were diluted in diluent and reanalysed.

2.7.2

Measurement of Bone Markers

(i)

Osteocalcin

(~C)

The bone formation marker OC was quantitatively measured by N-M1D® Osteocalcin
ELISA using kits purchased from 1mmunodiagnostic Systems Limited (Tyne and
Wear, UK).

Microwells were supplied with the kit and were pre coated with

streptavidin. Prior to use, all solutions were equilibrated to room temperature and the
assay was performed at 18 - 22 DC. All samples were tested in duplicate.

Samples

above the dynamic range were diluted in diluent and reanalysed.
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(iiJ

CTX Cross laps

The bone resorption marker, serum CTX was measured by ELISA usmg kits
purchased from Immunodiagnostic Systems Limited (Tyne and Wear, UK). This
ELISA measures the small peptide fragments that are excreted into the bloodstream
when Type I collagen is degraded. Microwells were supplied with the kit and were
pre coated with streptavidin. Prior to use, all solutions were equilibrated to room
temperature and the assay was performed at 18 - 22 QC. All samples were tested in
duplicate. Samples above the dynamic range were diluted 25 fold in diluent and
reanalysed.

2.7.3

Assessment of Other Biochemical Secondary Endpoints

Serum /ipids (total cholesterol, high density lipoprotein (HDL), cholesterol and

triglycerides) were assessed using standard enzymatic assays (Randox, Crumlin, NI)
on an automated ILab-600 biochemical analyser (Instrumentation Laboratories,
Warrington, UK).

High sensitivity CRP levels were determined in serum using an immunoturbidimetric

assay (Randox, Crumlin, NI) on the ILab-600 biochemical analyser (Instrumentation
Laboratories, Warrington, UK).

8-1so Prostaglandin F2a levels were measured in urine using a DELFIA (dissociation

enhanced lanthanide fluoro-immuno assay) assay (Perkin Elmer Life Sciences).
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2.8

STATISTICAL METHODS

Statistical methods used are presented within each results chapter.

2.8.1

Power Calculation

This was a pilot study to examine if an increase in consumption of FV in older adults
had an effect on bone health and muscle strength, as there were no relevant data
available for any older population or a population in NI.

Power/sample size

calculations were therefore not considered appropriate.

2.9

OUTCOME MEASURES

The primary outcome of the study was between-group differences in mean:
- change in self-reported intake ofFV (number of portions per day)
- change in NK cytotoxicity and antibody response to Tetanus toxoid and
Pneumovax 11 vaccination

However, this thesis focuses on secondary outcomes from the study which included
between group differences in mean:
- change in plasma carotenoids
- change in other biochemical markers of nutritional status
- change in markers of bone and muscle function
- change in perceived barriers to FV consumption

2.10

ETHICAL APPROVAL

Ethical approval for the study was obtained from the Office for Research Ethics
Committees Northern Ireland (ORECNI).

Research governance was approved by
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the Research Office, Belfast Health and Social Care Trust, who acted as sponsor for
the study. The study was registered on www.clinicaltrials.gov. registration number
NCT00858728.

2.11

STATEMENT OF INVOLVEMENT

The principal investigator of the ADIT study was Dr Jayne Woodside (Clinical
Biochemistry),

and

co-investigators

were

Professor

Ian

Young

(Clinical

Biochemistry) and Dr David Edgar (Immunology). The study was co-ordinated and
managed by a research nutritionist (Charlotte Neville (CN»

who was also

responsible for participant recruitment, study execution (including dietary assessment
and endpoint assessment of physical function and muscle strength), data collection,
dietary analysis, blood and urine sample collection and processing, data input and
statistical analysis (also refer to acknowledgments). Plasma samples were extracted
and analysed by CN with technical assistance from senior laboratory technicians (Dr.
Sarah Gi1christ, Mr. Cyril McMaster and Mrs. Caroline Mercer). All blood analyses
were performed in the same laboratory. The work was undertaken in the Nutrition &
Metabolism Research Group, Centre for Public Health, Queen' s University Belfast
(QUB) and also in collaboration with Ria Banerjee, Unilever, UK who performed the
isoprostane analysis, provided training in physical performance methods and
provided the final physical function and accelerometer data. Dr Katherine Appleton,
School of Psychology, QUB was involved in carrying out the fieldwork and analysis
in relation to the FV barriers questionnaire (further details in Chapter 3).
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Barriers to Fruit and Vegetable Consumption
in Older Adults Before and After Participation
in a Fruit and Vegetable Intervention Study
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3.1

INTRODUCTION

Despite the mounting evidence of the health benefits of FV consumption, research
has revealed that the majority of the older UK population have decreased overall
food intake and in particular, considerably lower FV consumption than what is
recommended. The UK-based National Diet and Nutrition Survey (NDNS) reports
that older adults (aged 65 years and older), consume on average 2.5 portions of FV
plus one portion of fruit juice per day, excluding soups (Finch et al. 1998).
Independent reports also suggest similar figures (Cox et al. 1998a; Bates et al. 2001;
Hughes et al. 2004), whilst the purchase of FV in the UK has also decreased from
2193 g per personJweek in 1992 to 2081 g per personJweek in 1996 (Ministry of
Agriculture, Fisheries and Food, 1997). While all these reports describe differences
in consumption patterns for England, Scotland and Wales, levels of FV consumption
in the NI population were, until recently, not determined.

This lack of adherence to government recommendations implies that other factors
play a role in determining a person's FV consumption. In attempts to improve FV
intakes, a number of perceived barriers associated with increasing FV intakes have
been identified in the general population. Foremost among the barriers to increasing
FV intake are poor nutritional knowledge, cost, and practical issues, all of which
have been found to be highly predictive of low intakes of FV (Cox et al. 1998a;
Anderson et al. 1998; John & Ziebland 2004). However, the majority of work to
date has focused on the general population, yet the importance of some of these
factors is likely to differ between younger and older adults. In older people, poor
nutritional knowledge and practical issues related to frailty and age-related

91

Chapter 3

dysfunction may contribute more substantially to low FV intakes than other barriers
(Anderson et al. 1998; Baker & Wardle 2003).

Barriers associated with FV consumption are also likely to be location-specific.
Previous research has highlighted regional variations in FV consumption.

For

example, in the UK it has been found that older adults living in Scotland and
Northern England generally consume less FV compared to individuals living in
Southern England (Cox et al. 1998a; Finch et al. 1998; Bates et al. 2001). Regional
variations also exist in relation to farming policies and practices, transport
infrastructures, health education schemes, and social networks (Bates et al. 2001;
Daly 2004; Safefood, 2007).

These different rural policies and practices and

different social networks may impact on strategies to increase FV intakes in this
population.

The aim of this chapter is three fold.

Firstly, it will briefly describe overall FV

consumption in a large sample of older adults (aged 65 years and older) currently
living in NI (this work is described as background to the barriers analyses and should
not be seen as contributing to the original body of work forming this thesis (Appleton

et al. 2009). Secondly, it will investigate the barriers to increasing FV consumption
in the same population. Thirdly, this chapter will compare barriers to eating more
FV in a smaller subset (n

=

83) of older adults from NI before and after participation

in a 16 week randomised controlled intervention study (as described in chapter 2).
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3.2

METHODS

3.2.1

Study Population

Names, addresses and telephone numbers for one thousand people over the age of 65
years living in NI were obtained from a data sampling company (SampleAnswers,
London, UK). All names and addresses were representative of the population of NI
over the age of 65 years with respect to gender (male / female), age (65 - 74 years /
75 - 79 years / 80 - 84 years / 85 - 89 years / 90 years plus), marital status (married /
unmarried) and area of residence (Belfast, North East NI, South East NI, South NI,
West NI), in line with the 2001 census data for NI (www.nicensus2001.gov.uk).
Gender, age, marital status and area have previously been identified as variables
likely to impact on FV intake (Cox et al. 1998a; Donkin et al. 1998; Strain et al.
2000; Bates et al. 2001; Baker & Wardle 2003). The study was conducted from
January - April 2008. Ethical approval for the study was obtained from the Ethics
Committee of the School of Psychology, Queens University, Belfast, prior to
commencement. All participants of the ADIT study (as described in Chapter 2)
were also included in the analyses.

3.2.2

Telephone Survey

All individuals were contacted about the study by telephone, and were informed of
the nature of the study and the use of the data prior to taking part.

Telephone

interviewing was used to ensure completion of all questions and encourage
engagement with individuals who may have been unlikely to volunteer otherwise
(Sayhoun et al. 2005). Telephone interviews lasted approximately 20 minutes within
which time the following data was collected: dietary recall to assess FV intake;
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questionnaire to assess barriers to FV consumption, questionnaire to assess
demographic and lifestyle details. All individuals were called during working hours.
If telephones were unanswered, the individual was called once more at a different
time. If telephones were answered but the requested individual was not available,
this person was called again at a more suitable time.

3.2.3

Assessment of Fruit and Vegetable Consumption

FV consumption was measured using dietary recall. This has previously been found
to be a valid and useful method for the elicitation of specific food groups such as FV
(Bingham, 1987; Bingham et at. 1994). Individuals were asked to recall the FV they
typically consumed (type and amount) for: breakfast, morning snacks, lunch,
afternoon snacks, dinner and evening snacks; on both weekdays and at the weekend.
Individuals were asked for the name of the fruit or vegetable, and the quantity
consumed. Quantities consumed were subsequently converted into portions of FV
according to Department of Health Guidelines (DOH, 2003). All responses were
verified by the researcher. This in-depth dietary recall method was used in order to
improve accuracy in relation to portion size estimation as it has previously been
highlighted that many individuals are unclear as to what constitutes 'a portion' of
fruit or vegetable (Dixon et at. 2004). Apart from direct questioning in order to fully
determine portion sizes, participants were further prompted with more specific
questions to determine whether the FV consumed were fresh, frozen, canned, dried
or juiced (Bingham, 1987; Bingham et at. 1994; Dixon et at. 2004). Consumption on
weekdays and at weekends were investigated separately following previous reports
that dietary intake can vary between weekend and weekdays (Bingham, 1987), and
subsequently combined ((weekday*5 + weekend day*2)17) to provide an average
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consumption of FV per day for each individual.

In order to reduce respondent

burden and completion time, only FV consumption was assessed with this
questionnaire.

3.2.4

Assessing Barriers to Fruit and Vegetable Consumption

Barriers to FV consumption were investigated using 22 closed-response questions
and one open-response question (refer to Appendix 8). The closed-response items
focus sed on various aspects of FV consumption, to which individuals were asked to
strongly agree, agree, neither agree nor disagree, disagree, or strongly disagree
(scored 2, 1, 0, -1, -2 respectively).

Items were derived from previous papers

investigating barriers to FV consumption in other populations.

The open-ended

question asked "Are there any reasons why you do not eat more FV, than you
currently do? (list all reasons)". The responses to the closed-response questionnaire
defined barriers to increasing FV consumption as a result of associations with FV
intake whereas the open-response question was used to ascertain particular pertinent
reasons or perceived barriers for not consuming FV for different individuals, or
reasons that had not already been investigated.

3.2.5

Demographic Characteristics

Various demographic and lifestyle characteristics which may have a direct impact on
food consumption were also assessed. Demographic variables included gender, age,
marital status (married / not married), living status (living with anyone else / not
living with anyone else), region of residence and deprivation score of residence
based on residential postcode (Department for the Environment, Transport and the
Regions 2000). Information on marital status was requested to enable comparison
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with census data.

Information on living status was also obtained as it has been

recently suggested that effects apparently due to marriage are usually a result of cohabitation (Donkin et al. 1998). Lifestyle characteristics included distance travelled
for food shopping, frequency with which individuals received help with food
shopping, frequency with which individuals received help with cooking food,
frequency with which individuals had food delivered, and frequency with which
individuals consumed food out of the house. Distance was requested in or converted
into miles. All frequency questions were scored as or converted into number of days
per year (0 - 365). All variables have previously been suggested to impact on FV
consumption (Cox et al. 1998a; Donkin et al. 1998; Finch et at. 1998; Strain et at.
2000; Bates et al. 2001; Baker & Wardle 2003; Lancaster 2004; Friel et at. 2005).

3.3.

STATISTICAL METHODS

All statistical analyses were performed with the use of SPSS verSIOn 17.0 for
Windows (SPSS Inc, Chicago, IL).

3.3.1

Analysis of Demographic and Lifestyle Characteristics

To ensure that all participants were representative of the NI population, the
demographic data were analysed using chi-squared tests with questionnaire
responders being used as observed data, and census data being used as expected data.

3.3.2

Analysis of Fruit and Vegetable Consumption

Levels of FV consumption were investigated usmg descriptive statistics for
consumption on both weekdays and at weekends. Patterns of FV consumption on
weekdays and at weekends were assessed using regression, where FV consumption
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was predicted using demographic and lifestyle variables.

Marital status was not

included in the regression models, due to high co-linearity with living status.

3.3.3

Analysis of Barriers to Fruit and Vegetable Consumption

Responses to the closed-response questions were analysed usmg Principle
Component Analysis (with oblimin rotation) to elucidate factors. Factors affecting
FV consumption were then calculated per person, where items for all scales were
summed and divided by the number of questions in the scale to result in a score for
each scale per individual from 2 to -2. Factors were then described and analysed in
relation to FV consumption using multiple linear regression (enter method).
Demographic and lifestyle variables were added to regression models to investigate
inter-relationships.

Individual responses to the open-response question were

analysed using content analysis. All responses were assessed and characterised by
two independent reviewers, and discordances were discussed and resolved.

All

analyses were conducted on the entire sample, and then repeated for those most at
risk of low FV consumption - those currently consuming less than 5 portions of FV
per day, and those previously suggested to be at risk in this population - males, older
older people and those living in more deprived areas (Donkin et al. 1998).

3.3.4

Analysis of Barriers to Fruit and Vegetable Consumption Before and

After Participating in a Fruit and Vegetable Intervention Study CADIT)
Barriers to FV consumption were assessed in a smaller sample of older adults who
participated in the ADIT intervention study, as detailed in Chapter 2. Participants in
both the intervention group and the control group were asked to complete the barriers
to FV consumption questionnaire (as described above) both at baseline and after the
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16 week intervention period.

Responses to the closed-response questions were

analysed using Principle Component Analysis (with oblimin rotation) to elucidate
factors, as previously described.

Factors affecting FV consumption were then

calculated per person, where items for all scales were summed and divided by the
number of questions in the scale to result in a score for each scale per individual
from 2 to -2. Based on the five factors generated from the Principle Component
Analysis, an independent Hest (2 portions versus 5 portions) and paired Hest (pre
versus post) was conducted to assess the impact of the FV intervention on barriers to

FV consumption, before and after participation.

3.4

STATEMENT OF INVOLVEMENT

This chapter incorporates work carried out by Dr Katherine Appleton (KA), Mr Rory
McGill (RMcG) from the School of Psychology (QUB) and Dr Jayne Woodside
(JW) from the School of Medicine, Dentistry and Biomedical Sciences (QUB). KA
and JW were the PI and Cl respectively on the study, and were responsible for the
design of the study, obtaining study funding, creating the study protocol and data
collection methods, and obtaining ethical approval. KA and RMcG were responsible
for carrying out the majority of the fieldwork including data collection and analysis.

eN assisted with questionnaire selection during the study design, and was
responsible for continuing this fieldwork by examining barriers to FV consumption
in participants from the ADIT study, at both baseline and post-intervention. These
results were subsequently combined with the larger dataset collected by KA. The
absolute FV intake data have been published (Appleton et al. 2009), and are not
intended to be considered as part of the original body of work contained within the
thesis, merely being included to set the barriers analyses in context.
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3.5

RESULTS

3.5.1

Demographic Characteristics

A total of 426 (43%) individuals took part in the survey and provided complete data.
Of these 426 individuals, 159 (37%) were men, 267 (63%) were women, 244 (57%)
were aged 65 - 74 years, 88 (21 %) were aged 75 - 79 years, 55 (13 %) were aged 80 84 years, 26 (6%) were aged 85 - 90 years, and 13 (3%) were 90+ years. A total of
213 (50%) were married, 213 (50%) were unmarried, 226 (53%) were living with
someone else, 200 (47%) were not living with anyone else and 81 (19%) were living
in Belfast, 95 (22%) were living in North East NI, 108 (25%) were living in South
East NI, 79 (19%) were living in South NI, and 63 (15%) were living in West NI.
None of these percentages differed significantly from those of the 2001 census
(largest X2

=

0.70, p>0.05). Of the remaining 574 individuals who were contacted,

338 (59%) did not answer their telephones / were not available when called, 190
(33%) individuals did not wish to participate in the study, 25 (4%) individuals had
invalid telephone numbers provided, 9 (2%) individuals were deceased, 7 (1%)
individuals provided data, but then withdrew, and 5 (1 %) individuals provided data
that could not be used.

3.5.2

Lifestyle Characteristics

For all individuals, the mean distance to the shops was 4.1 ± 4.6 miles, ranging from
0-30 miles. Individuals received help with their shopping a mean of 173 ± 178 days
of the year ranging from 0 - 365 days, individuals received help with their cooking a
mean of 136 ± 173 ranging from 0 - 365 days, individuals had food delivered to their
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home a mean of 11 ± 53 ranging from 0 - 365 days, and individuals went out to eat a
mean of 30 ± 41 ranging from 0 - 365 days per year.

3.5.3

Levels of Fruit and Vegetable Intake

Weekday FV intake was analysed separately from weekend days. During weekdays,
mean FV intake was 4.02 ± 1.3 portions, ranging from 0 - 8 portions. At weekends,
mean FV intake was 4.10 ± 1.3 portions, ranging from 0 - 8 portions. Of those
surveyed, 148 (35%) and 161 (38%) individuals reported consuming five or more
portions of FV during weekdays and weekend days respectively. FV consumption
was significantly greater at the weekend (t(425)

=

3.95, p<O.Ol) compared to

weekdays. The FV consumed in the greatest amounts were apples (one portion per
day consumed by 60% of the sample on weekdays and at weekends), fruit juice
(consumed by 49/50% of the sample on weekdays and at weekends respectively),
bananas (consumed by 45/46%), carrots (consumed by 43/44%), and broccoli
(consumed by 35/36%).

3.5.4

Patterns of Fruit and Vegetable Consumption

Table 3.1 presents the results of the regression analysis between FV consumption on
weekdays and at weekend, and demographic factors. Levels of FV consumption on
weekdays were significantly predicted by the regression model (R2 = 0.08, adj. R2

=

0.06, F(10,418)

=

=

3.63, p<O.Ol). Gender (B

=

0.53, p<O.Ol), age (B

0.01), and deprivation score (based on residential postcode) (B

=

=

-0.02, p

-0.01, p

were significant predictors of FV consumption during weekdays.

=

0.04)

Greatest FV

consumption during weekdays was associated with being female, younger and living
in a less deprived area. Females reported a mean consumption of 4.2 ± 1.2 portions
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of FV per day, whereas males reported a mean consumption of 3.7 ± 1.3 portions per
day. FV consumption decreased between age 65 and 90+ years, with those aged 65 74 years reported consuming 4.2 ± 1.3 portions of FV per day, those aged 75 - 79
years reported consuming 4.0 ± 1.2 portions, those aged 80 - 84 years reported
consuming 3.8 ± 1.1 portions, those aged 85 - 89 years reported consuming 3.5 ± 1.4
portions and those aged 90+ years reported consuming 3.7 ± 0.5 portions. Individuals
who lived in the least deprived areas consumed 4.1 ± 1.1 portions of FV per day
while those in the most deprived areas consumed 3.8 ± 1.4 portions per day.

Levels of FV consumption at weekends were significantly predicted by the
regression model (R2 = 0.08, adj. R2 = 0.06, F(10,418) = 3.50, p<O.OI). Gender (B =
0.54, p<O.OI) and age (B = -0.03, p = 0.01) were significant predictors of FV
consumption during the weekend, with greater FV consumption being associated
with being female and younger. Females reported a mean consumption of 4.3 ± 1.2
portions of FV per day, whereas males reported a mean consumption of 3.8 ± 1.4
portions per day. FV consumption during the weekend decreased with age, with
those aged 65 - 74 years reported consuming 4.2 ± 1.3 portions of FV per day, those
aged 80 - 84 years reported consuming 3.8 ± 1.1 portions, those aged 85 - 89 years
reported consuming 3.5 ± 1.4 portions and those aged 90+ years reported consuming
3.7 ± 0.5 portions.
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Table 3.1: Regression analyses for the relationship between demographic characteristics of participants and FV consumption during
weekdays and at weekend
Variable

Weekdays

Weekends

B

Beta

t

p value

Gender

0.52

0.20

3.63

Age (years)

-0.02

-0.14

Living status

0.04

Region

B

Beta

t

p value

<0.01

0.53

0.20

3.65

<0.01

2.63

0.01

-0.03

-0.14

2.64

0.01

0.02

0.26

0.79

0.06

0.02

0.37

0.71

-0.03

-0.03

0.58

0.56

-0.03

-0.03

0.52

0.60

Deprivation score

-0.01

-0.10

2.05

0.04

-0.01

-0.07

1.44

0.15

Distance to shops

-0.00

-0.01

0.20

0.84

-0.01

-0.02

0.39

0.70

Help with food shopping

0.00

0.05

0.81

0.42

0.00

0.08

1.20

0.23

Help with food cooking

0.00

-0.03

0.38

0.70

0.00

-0.05

0.77

0.44

Food delivered

-0.00

-0.04

0.83

0.41

-0.00

-0.05

0.98

0.33

Food consumed out of the
house

0.00

0.08

1.72

0.09

0.00

0.07

1.40

0.16

B = unstandardised co-efficient; Beta = standardised co-efficient; n = 426
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3.5.5

Barriers to Increasing Fruit and Vegetable Intake

Closed-response questions
The Principle Component Analysis resulted in the emergence of five factors
explaining 63.9% of the total variance. These five factors were named: 'willingness
to change', 'liking', 'ease', 'difficulties' and 'awareness'. Items contributing to each
factor and the Cronbach's alpha for each factor are presented in Table 3.2.

For each of the individual factors: 221 (52%) individuals reported that they would be
willing to change their eating habits to include more FV for a number of reasons
(score> 0), 185 (43%) reported that they would not be willing to do so (scored <0),
and 20 (5%) people didn't know if they would be willing to change or not (scored 0).
391 (92%) individuals reported that they liked FV, 30 (7%) individuals reported that
they did not like FV, and 5 (1 %) individuals neither did nor did not like FV. 419
(98%) people found FV easy to consume, four (1 %) people reported that they did not
find FV easy to consume and three (2%) people neither agreed nor disagreed. Four
(1 %) people reported that they found it difficult to consume FV, 418 (98%) people

didn't find it difficult, and four (1 %) people neither did nor did not find it difficult to
consume FV. 352 individuals (83%) were aware of the guidelines for consumption,
while 64 (15%) people were not. 10 (2%) people neither agreed nor disagreed.
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Table 3.2: Factors elucidated from the Principle Component Analysis of the 22
closed-response questions (n = 426).
Factor

Items

Loading

WiIlingness
to change

I would consider cutting out foods I normaIly eat in order to eat
more fruit and/or vegetables

0.548

(u = 0.859)

I would eat more FV in order to help control my weight

0.328

I would eat more FV in order to help improve my health

0.836

I would eat more FV in order to protect myself against poor health

0.861

I would eat more FV in order to increase the number of nutrients I
eat

0.913

I would eat more FV in order to increase the number of vitamins
and minerals I eat

0.909

Liking

I enjoy eating FV

0.692

(u = 0.677)

I like the taste ofFV

0.7 19

I find FV tasteless and duIl to eat

-0.493

I eat enough FV for my health

0.570

I eat the recommended amount of fruit and/or vegetables for my
health

0.575

Ease

I find FV easy to store so that they keep weIl at home

0.354

(u = 0.433)

I find FV easy to prepare and cook for eating

0.302

I find FV easy to chew and digest

0.379

The shop where I usuaIly buy food has a wide choice of FV

0.352

Buying more FV than I already do would be difficult for me due
to the cost

0.496

Buying more FV than I already do would be difficult for me due
to the effort in getting them home

0.412

Buying more FV than I already do would be difficult for me due
to the effort in preparing them

0.358

Buying more FV than I already do would be difficult for me due
to the limited choice in the shop

0.362

I can afford the fruit and/or vegetables at the shop where I usuaIly
buy my food

-0.351

I am satisfied with the choice of fruit and/or vegetables at the shop
where I usuaIly buy my food

-0.584

I am aware of current government recommendations to eat five or
more portions of FV per day

0.655

Difficulties
(u = 0.539)

Awareness
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Using regression, portions of FV consumed were significantly predicted by the
regression model (R

0.45, R2

=

=

0.20, adj. R2 = 0.19, F(l4,412)

=

21.39, p<O.OI).

Significant co-efficients were: liking (B = 0.675, p<O.OI), awareness (B = 0.281,
p<O.OI), and willingness to change (B = 0.197, p<O.OI), where greater FV
consumption was associated with greater liking of FV, greater awareness of
recommended levels of FV consumption, and greater willingness to change for a
number of reasons. These relationships remained after adding demographic and
lifestyle variables into the regression model (R

=

0.50, R2

0.25, adj R2

=

=

0.23,

F(5,420) = 9.12, p<O.OI) (refer to Table 3.3).

Gender, however, was also significant, suggesting differences between males and
females.

To account for gender, analyses were repeated on males and females

separately. Results of this analysis are presented in Tables 3.4 and 3.5. The results
observed in females (n

=

267) showed a similar pattern to those observed in the

entire sample. FV consumption was predicted by the regression model: R = 0.53, R2

= 0.28, adj. R2 = 0.24, F(l4,262) = 6.89, p<O.OI, where greater FV consumption was
again associated with a greater liking (B

=

0.771, Beta

=

0.397, p<O.OI), greater

awareness of current recommendations (B = 0.316, Beta = 0.289, p<O.OI), and
greater willingness to change (B = 0.318, Beta = 0.229, p<O.OI). For males (n =
159), FV consumption was again predicted by the regression model: R
0.22, adj. R2

=

0.14, F(l4, 155)

=

=

0.47, R2 =

2.79, p<O.OI, where greater FV consumption was

significantly associated with greater liking (B
greater awareness (B

=

=

0.668, Beta

=

0.305, p<O.OI) and

0.167, Beta = 0.180, p = 0.04).
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Table 3.3: Co-efficients for all variables predicting FV intake for the whole sample

Variable

B

Beta

T

p value

Willingness to change

0.184

0.126

2.74

<0.01

Liking

0.712

0.345

7.59

<0.01

Ease

-0.083

-0.030

0.64

0.52

Difficulties

0.222

0.057

1.22

0.22

Awareness

0.240

0.235

5.12

<0.01

Gender

0.384

0.143

2.87

<0.01

Age

-0.009

-0.050

0.97

0.34

Living status

0.036

0.014

0.25

0.81

Region

0.003

0.003

0.08

0.94

MDM

-0.008

-0.077

1.76

0.08

Distance to the shops

-0.002

-0.008

0.19

0.85

Help with shopping

0.001

0.079

1.34

0.18

Help with cooking

0.000

-0.089

1.44

0.15

Food delivered

-0.001

-0.038

0.84

0.40

Food eaten out

0.002

0.056

1.28

0.20

B = unstandardised co-efficient; Beta = standardised co-efficient; Significant co-efficients in bold
(p<O.05); n = 426.

106

Chapter 3
Table 3.4: Co-efficients for all variables predicting FV intake in females

Variable

B

Beta

T

p value

Willingness to change

0.318

0.229

3.97

<0.01

Liking

0.771

0.397

7.02

<0.01

Ease

-0.081

-0.030

0.52

0.60

Difficulties

0.158

0.044

0.75

0.45

Awareness

0.316

0.289

5.07

<0.01

Age

-0.005

-0.027

0.42

0.68

Living status

0.060

0.024

0.36

0.72

Region

0.004

0.004

0.08

0.94

MDM

-0.004

-0.043

0.78

0.44

Distance to the shops

-0.005

-0.019

0.34

0.73

Help with shopping

0.000

0.041

0.61

0.54

Help with cooking

0.000

-0.085

1.33

0.l8

Food delivered

-0.001

-0.030

0.55

0.58

Food eaten out

0.001

0.022

0.40

0.69

B = unstandardised co-efficient; Beta = standardised co-efficient; Significant co-efficients in bold
(p<O.05); n = 267.
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Table 3.5: Co-efficients for all variables predicting FV intake in males

Variable

B

Beta

T

p value

Willingness to change

-0.048

-0.032

0.38

0.71

Liking

0.668

0.305

3.68

<0.01

Ease

0.102

0.036

0.42

0.67

Difficulties

0.249

0.057

0.69

0.49

Awareness

0.167

0.180

2.12

0.04

Age

-0.010

-0.055

0.60

0.55

Living status

-0.316

-0.114

0.91

0.37

Region

0.005

0.005

0.06

0.95

MDM

-0.015

-0.133

1.68

0.10

Distance to the shops

0.006

0.022

0.27

0.79

Help with shopping

0.002

0.001

1.86

0.07

Help with cooking

0.000

0.001

0.29

0.77

Food delivered

-0.002

0.002

0.84

0.40

Food eaten out

0.003

0.002

1.51

0.13

B = unstandardised co-efficient; Beta = standardised co-efficient; Significant co-efficients in bold
(p<O.05); n = 159.

3.5.6

Barriers to Fruit and Vegetable Consumption in Individuals Currently

Consuming Low Intakes of Fruit and Vegetables «5 portions/day)
Of 426 individuals, only 151 participants reported consuming a mean of five or more
portions of FV per day, while the remaining 275 participants were consuming less
FV than currently recommended for health.

Of those consuming less than five

portions of FV per day, 131 (48%) individuals reported that they would be willing to
change their eating habits to include more FV, 131 (48%) reported that they would
not be willing to do so, and 13 (4%) people didn't know if they would be willing to
change or not.

242 (88%) individuals reported that they liked FV, 28 (10%)
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individuals reported that they did not like FV, and five (2%) individuals neither did
nor did not like FV. 270 (98%) people found FV easy to consume, four (1.5%)
people reported that they did not find FV easy to consume and one (0.5%) person
neither agreed no disagreed. Three (1 %) people reported that they found it difficult
to consume FV, 270 (98%) people did not find it difficult, and two (0.5%) people
neither did nor did not find it difficult to consume FV. 205 individuals (75%) were
aware of the government guidelines to increase FV consumption, while 61 (22%)
people were not. Nine (3%) people neither agreed nor disagreed.

For those consuming less than five portions ofFV per day, portions ofFV consumed
were again significantly predicted by the regression model (R = 0.41, R2= 0.17, adj.

R2 = 0.12, F(15,268) = 3.42, p<O.OI), and again significant associations were again
found for liking (B = 0.410, Beta = 0.316, p<O.OI) and awareness (B = 0.088, Beta =
0.153, p<O.OI).

3.5.7

Barriers to Fruit and Vegetable Consumption in Individuals Most at

Risk of Low Fruit and Vegetable Consumption

The analyses for males have already been presented, as above. For people aged 80
years or above (n

=

94), portions of FV consumed were again significantly predicted

by the regression model (R = 0.58, R2 = 0.34, adj. R2 = 0.22, F(14,89) = 2.74,
p<O.OI), and significant associations were again found for liking (B = 0.519, Beta =
0.278, p<O.OI) and awareness (B = 0.218, Beta = 0.294, p<O.Ol). For people living
in the most deprived quartile (n

=

98), portions of FV consumed were again

significantly predicted by the regression model (R = 0.52, R2 = 0.27, adj. R2 = 0.15,
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F(14,97)

=

2.23, p

=

0.01), where greater FV intakes were significantly associated

only with liking CB = 0.570, Beta = 0.259, p<O.OI).

3.5.8

Perceived Barriers to Fruit and Vegetable Consumption

In response to the open-ended question, a number of reasons were given for not
eating more FV than currently. These reasons are summarised in Table 3.6. The
reasons were classified as:
•

Already eat enough, e.g. "I couldn't eat any more", provided by 35% of the
sample;

•

Medical reasons, e.g. "I'm on dialysis - I have to be careful what I eat",
provided by 12% of the sample;

•

Effort involved in preparing / eating, e.g. "laziness", provided by 7% of the
sample;

•

Not in the habit of eating FV, e.g. "I hadn't been accustomed to eating FV as a
child", provided by 4% of the sample;

•

Small appetite, e.g. "can't eat so much", provided by 3% of the sample;

•

Not liking FV, e.g. "I hate fruit", provided by 3% of the sample;

•

Choose not to eat, e.g. "I have a sweet tooth - I eat sweets when I should be
eating FV", provided by 2% of the sample;

•

Lack of control of intake, e.g. "home help just puts in front of me what I eat
and that's it", provided by 2% of the sample;

•

Age, e.g. "I'm 85 - not important at my age", provided by 1% of the sample;

•

Lack of supply, e.g. "not good quality, not fresh by the time they reach NI",
provided by 0.5% of the sample;

•

Price, e.g. "too dear", provided by 0.5% of the sample;
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•

No reason, provided by 32% of the sample .

There were no significant differences in the percentage of individuals reporting each
reason between the whole sample, in those consuming less than five portions of FV
per day, in males, in older older people and in those living in the most deprived areas
(largest

l

=

0.70, p>0.05).
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Table 3.6: Reasons reported by older adults for not consuming more FV

Reason

All individuals
(n = 426)

Individuals
consuming
< 5 portions FV
per day
(n = 275)

Males
(n = 159)

Older
(aged 80
years +)
(n = 94)

Individuals
living in
deprived areas
(n = 98)

Already eat enough

148 (35%)

74 (27%)

50 (31%)

34 (36%)

31 (32%)

Medical reasons

49 (12%)

36 (13%)

17(11%)

10(11%)

8 (8%)

Effort

29 (7%)

20 (8%)

6 (4%)

4 (4%)

6 (6%)

Not in the habit

16 (4%)

13 (5%)

6 (4%)

1 (1%)

2 (2%)

Small appetite

12 (3%)

9 (3%)

5 (3%)

5 (5%)

9 (9%)

Not liking

11 (3%)

8 (3%)

5 (3%)

I (1%)

3 (3%)

Choose not to eat

10 (2%)

8 (3%)

3 (2%)

1 (1 %)

4 (4%)

Lack of control over intake

7 (2%)

5 (2%)

4 (3%)

3 (3%)

2 (2%)

Age

6 (1%)

6 (2%)

2 (1%)

4 (4%)

2 (2%)

Lack of supply

3 (0.5%)

2 (1%)

2 (1%)

2 (2%)

0(0%)

Price

1 (0.5%)

1 (0.5%)

1 (0.5%)

1 (1%)

0(0%)

No reason

134 (32%)

93 (34%)

58 (37%)

28 (30%)

31 (32%)

Values presented are n (%)

......
......
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3.5.9

Barriers to Fruit and Vegetable Consumption Before and After

Participating in a Fruit and Vegetable Intervention Study (AD IT)
The harriers questionnaire completed prior to the intervention was also completed at
the end of the intervention.

Table 3.7 shows the difference in factor scores for

barriers to FV consumption before and after the intervention. At the end of the 16
week intervention, both groups (intervention and control) showed a significant
increase in the liking ofFV (p<O.OOl). In addition, those in the intervention group (5
portions/day) showed a significant increase in ease of consumption (p
awareness (p

=

=

0.04) and

0.01) at the end of the 16 week period compared to baseline.

Participants in the intervention group showed a larger change in awareness of current
five a day recommendations (p
those in the control group.

=

0.01) after participating in the study, compared to

There were no other significant differences evident

between barriers of FV consumption (willingness, liking, ease, difficulties) in those
consuming 2 portions per day compared to those consuming 5 portions per day. No
other changes in barriers to FV consumption were observed after the intervention
compared to baseline.

113

Table 3.7: Change in barriers to FV consumption after participating in a FV intervention study

No. of portions

Preintervention

Postintervention

p value I

p value2

Willingness to change

5/dai
2/day

1.42 (0.62)
1.48 (0.57)

1.51 (0.55)
1.41 (0.64)

0.36
0.51

0.27

Liking

5/day
2/day

1.04 (0.80)
0.74 (0.91)

1.65 (0.52)
1.24 (0.77)

<0.001
<0.001

0.49

Ease

5/day
2/day

1.32 (0.72)
1.26 (0.66)

1.53 (0.50)
1.46 (0.59)

0.04
0.08

0.96

Difficulties

5/day
2/day

-1.01 (0.74)
-0.88 (0.81)

-1.23 (0.67)
-0.72 (0.85)

0.07
0.31

0.05

Awareness

5/day
2/day

1.71 (0.64)
1.68 (0.72)

1.97 (0.15)
1.49 (0.95)

0.01
0.19

0.01

P value for difference between pre- and post-intervention (by paired t-test)
p value for difference between 2 portions/day and 5 portions/day (by independent t-test)
3 n = 42 for 5 portions/day, n = 41 for 2 portions/day
1

2

.......
.......
~
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3.6

DISCUSSION

3.6.1. Levels of Fruit and Vegetable Consumption in Northern Ireland
The results from this study suggest that older people in NI consume on average four
portions of FV per day.

Although this is lower than current dietary

recommendations, levels reported are higher in comparison to those reported for
similar populations within the UK (Finch et al. 1998). This regional difference may
reflect genuine differences in FV consumption across the four UK countries:
England, Scotland, Wales and NI.

In NI, greater proximity to farming and

agriculture may explain the increased availability and accessibility of FV for the
population (Safefood, 2007). However comparisons between regions is difficult and
may reflect changes with time and different methodology used to collect data
(Appleton et al. 2009).

3.6.2

Patterns of Fruit and Vegetable Consumption in Northern Ireland

Although the results from the current study show a difference in levels of FV
consumption compared to the rest of the UK, patterns of consumption in NI are
comparable with those previously reported (Finch et al. 1998; Appleton et al. 2009).

3.6.3

Barriers to Increasing Fruit and Vegetable Consumption - Closed-

Response Questions
These results reveal significant associations between FV consumption and various
barriers to increasing consumption, where greater FV consumption was associated
with greater liking for FV and a greater awareness of current recommendations for
FV consumption. These patterns were also seen in various groups consuming low
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levels of FV or at risk of consuming low levels of FV, although willingness to
change for a number of reasons was also associated with increased consumption in
females, and awareness of current recommendations was not associated with FV
consumption in those living in most deprived areas.

Liking has been found to be a significant predictor of FV consumption elsewhere
(Devine et al. 1998; Gibson et al. 1998; Baker & Wardle 2003; Lancaster, 2004; Dye

& Cason 2005), and has been found to be important in the selection of other foods.
Unsurprisingly, previous work on the general diet suggests that liking can be one of
the strongest predictors of food choice (Steptoe et al. 1995; Gibson et al. 1998; Costa

et al. 2007).

The current findings suggest that increasing the liking of fruit,

vegetables and FV dishes may increase FV consumption.

Indeed, interventions

aiming to increase the liking of FV may be particularly beneficial for this population.
The study did, however, reveal generally high levels of liking of FV in the current
sample. Only a small proportion of the sample (3%) reported not liking FV as a
reason for not consuming more FV than currently.

Associations between FV consumption and an awareness or knowledge of current
recommendations and the reasons for those recommendations have also been found
previously elsewhere.

Knowledge of current recommendations for intake and

awareness of diseases related to FV consumption were strong predictors of FV intake
in a UK sample of older adults (Baker & Ward le 2003), attention paid towards
keeping a healthy diet was a strong predictor ofFV intake in a sample of Norwegian
participants (Johansson et al. 1999), and high intention and attitude scores reflecting
knowledge were reported by the highest third of FV consumers in a Scottish sample
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(Cox et al. 1998a). Education has also been found previously to be a strong predictor
of FV intake (Donkin et al. 1998; Gregory-Mercado et al. 2006). These findings
suggest that FV intake may be improved in the older population, by increasing
awareness of current recommendations and increasing knowledge of the benefits of
FV consumption, and interventions that have aimed specifically to improve nutrition
education have been found to result in improvements in FV intakes (Arnold & Sobal
2000).

Previous work in this area however, highlights the complexities of the

information that may be most suitable for different groups (Dibsdall et al. 2002).
Work in older people, for example, has specified a need for information specifically
on portion size (Dixon et al. 2004; Gregory-Mercado et al. 2006), what counts as a
fruit or vegetable (John & Ziebland 2004; Sayhoun et al. 2005), and the need for
variety (Clark et al. 2002).

A willingness to change has also previously been associated with increased FV
consumption, particularly in women (Anderson et al. 1998; Dibsdall et al. 2002). In
two qualitative studies, Devine et al. (1998) and Dye and Cason (2005) also report
discussion of the importance of wanting to change and the benefits of medical advice
and social support to aid dietary changes.

Interventions focusing specifically on

individuals who are ready and willing to change also typically demonstrate greater
success compared to interventions that are more general (Cox et al. 1998b;
Anderson, 2007; Greene et al. 2008). The findings of this study suggest that FV
intake may be improved in the older female population by increasing willingness to
change. Strategies previously suggested to increase willingness to change include
thinking about the benefits of consuming more FV; raising awareness of the
problems of eating more FV; creating motivational emotional experiences that
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encourage individuals to eat enough FV; reappraising what is thought and felt about
FV; invoking will-power; making a commitment and recognizing choices with
regard to eating FV; considering the impact of one's dietary behaviour on others;
considering the impact of others or the environment on one's ability to eat FV;
accepting help or seeking help from others; providing rewards for eating FV; seeking
out people who promote eating FV or avoiding people who discourage that
behaviour; substituting other foods for FV; using cues to take control and promote
eating FV; planning ahead to promote eating FV; and increasing confidence toward
consuming more FV (Clark et al. 2002; Greene et al. 2004; Greene et al. 2008).

Ease of consumption of FV and difficulties associated with consumption, such as
cost and availability, were not found to be associated with FV intakes in this sample.
Levels of ease were found to be high while levels of difficulties were found to be
very low. These findings suggest that strategies to improve FV consumption that
solely or predominantly target the environmental characteristics of food consumption
may be unlikely to have significant impact.

Other studies have drawn similar

conclusions (Dibsdall et al. 2002; Dibsdall et al. 2003; Lancaster, 2004) and an
intervention that has targeted the environmental characteristics of FV consumption
has had limited impact (Dibsdall et al. 2003). Interestingly, another study which
investigated strategies for increasing willingness to change, as mentioned above, also
suggest that there should be more focus on increasing the perceived benefits of
consumption as opposed to decreasing the perceived barriers (Greene et al. 2004).

The lack of significant findings in relation to demographic or lifestyle variables (with
the exception of effects of gender in the analysis of the whole sample) suggests that
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these variables have only a small impact on barriers affecting FV consumption in this
particular sample.

Failure to find an effect of demographic or lifestyle variables

could imply that all individuals within the population experience similar barriers to
increasing FV consumption regardless of demographic group. The absence of effects
may seem surprising given previous suggestions that interventions should target
certain demographic groups (Donkin et al. 1998), but these suggestions are typically
based on FV consumption levels as opposed to the reasons for that low consumption.
These findings also suggest that all individuals within the population regardless of
lifestyle may benefit equally from interventions that are aimed at both increasing FV
intakes and that challenge the main barriers to FV consumption.

3.6.4

Barriers to Increasing Fruit and Vegetable Consumption - Open-Ended

Question

Similar barriers were also gained from analysis of the open-ended question - "Are
there any reasons why you do not eat more FV than you currently do?". The most
common response to this question suggested that individuals do not consume more
FV than they currently do because they feel that they already consume sufficient
amounts of FV. However, investigation of actual FV consumption in all individuals
providing this response revealed that consumption levels were actually as low as two
portions of FV per day. These responses highlight a need for knowledge of current
recommendations but may also suggest a need for awareness of the specifics of those
recommendations, such as the nature of a portion or the need for five different FV.
The need for more widespread understanding of current recommendations has
already been discussed.

This response may also suggest a need for increased

awareness of current inadequate levels of consumption.

It has previously been
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suggested elsewhere that the majority of individuals are unaware that their current
FV intake is low, despite knowledge of recommendations, and that current levels of
inadequate consumption should be emphasized (Anderson et at. 1998; Cox et al.
1998a, Cox et al. 1998b, Oenema et at. 2001). Individuals may also be unaware of
the recommendations as a minimum as opposed to a maximum, and may also benefit
from awareness and knowledge of the benefits of increasing consumption.

The second most common response to the open-ended question was that individuals
could provide no reason why they were not consuming more FV. These individuals
were presumably unwilling and unused to thinking about their FV consumption, and
again may benefit from knowledge and awareness of the benefits of consuming more
FV, knowledge and awareness of current inadequate consumption levels, or may
benefit from any of the strategies aimed at increasing willingness to change.

The third most commonly provided response also suggested an absence of
knowledge or awareness of the benefits of FV for health and well-being. In total,
12% of respondents claimed they could not eat more FV than they currently do due
to medical reasons.

These responses however are likely to represent a

misunderstanding or misrepresentation of advice. It is unlikely that medics would
advise against FV consumption per se for this proportion of the population, although
a reduction in the consumption of specific FV is plausible. For example, some
highly acidic fruits such as grapefruit are thought to interfere with the action of
certain drugs (Stump et at. 2006).

These individuals would also benefit from

increased knowledge of the benefits of FV, and particularly the benefits of a variety
of these.

Medical reasons however may also provide a convenient answer or a
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convenient excuse for not consuming FV, again suggesting a possible unwillingness
to think about FV intakes or an unwillingness to think about changing those intakes.

A number of other responses to the open-ended question also suggested an
unwillingness to think about FV consumption or an unwillingness to change - "I'm
not in the habit of eating FV", "I only have a small appetite", "It's my choice", and
"I'm too old to start eating FV", responses classified as 'not in the habit', 'small
appetite', 'choose not to eat' and 'age'. These individuals may benefit from all or
any of the strategies provided to increase willingness to change.

Individuals

providing an 'age' response however may also benefit from an increased awareness
of the benefits of FV for quality of life as well as for physical health (WHO, 2003)
and that benefits have been found even when behavioural changes are initiated in old
age (Clarke et al. 2002). Individuals providing a 'small appetite' response may also
benefit particularly from an increased awareness of ways in which FV can replace
other foods, as opposed to add to them. It has previously been suggested that 'eating
more' or 'buying more' may constitute a psychological barrier compared to
replacement (Dibsdall et al. 2002; 2003).

The remaining reasons for not consuming more FV than currently can all be classed
as environmental. These included effort in purchasing and preparing FV, lack of
supply, price and a lack of control over intake.

The lesser importance of

environmental concerns in the questionnaire is likely to have resulted from the small
number of individuals reporting environmental difficulties.

Ten percent of

individuals did, however, provide one of these concerns in response to the openended question. It is feasible that these factors are of concern for these individuals
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and that interventions that target these concerns may benefit these particular
individuals (Anderson et al. 1998; Cox et al. 1998b; Donkin et al. 1998; Lancaster,
2004; Dye & Cason 2005). Discrepancies between the questionnaire and open-ended
responses, instead may be a result of common perceptions of FV as expensive and
requiring effort to eat due to a need for cooking (Cox et al. 1998b; Dibsdall et al.
2003), and the use of these common perceptions as easy answers or easy excuses for
a lack of consumption (Dibsdall et al. 2003). One study, for example, found that
increases in income did not lead to an increased consumption of FV and does not
necessarily lead to increases in expenditure on food (Shepherd et al. 1996). Donkin

et al. (1998) also found lower consumption of FV by single men than single women,
despite a higher income.

The use of easy answers or easy excuses may again

demonstrate an unwillingness to think about dietary practices in these consumers.
Individuals who are unable to increase fruit or vegetable intake due to a lack of
control over their intake may also benefit from increased awareness or knowledge of
the benefits of FV sufficient to motivate them to instigate changes to their diet or
environment, knowledge or awareness of how to instigate changes or may benefit
from advice and interventions intended for carers.

Similar patterns in response to the open-ended question were found in the whole
sample, in those consuming less than five portions of FV per day and in the various
demographic groups. These similarities suggest that interventions to aid the general
population will again also be applicable to specific groups.

Small discrepancies between the results of the questionnaire and the results of the
open-ended question demonstrate the value of the open-ended question, as it would
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appear that not all potential reasons for not increasing FV intake were covered by the
questionnaire. The reliability of the questionnaire may also be questioned given the
moderate Cronbach's alpha scores for some of the scales. The breadth of responses
to the open-ended question and questionable validity of some of these responses
however also highlight the different responses obtained from direct and indirect
questioning and the potential problems when using only direct questions (Coolican,
1990). Given some of the responses to the open-ended question, it may also have
been of value to add a question asking if anything could be done to encourage
individuals to replace some of the foods they currently consume with FV.

3.6.5

Effect of Participating in a Fruit and Vegetable Intervention on Barriers

to Change
Participants reported a greater liking of FV after participating in the intervention
regardless of group allocation. Furthermore, at the end of the 16 week period, those
in the intervention group reported greater ease of consumption and awareness
compared to at baseline. The change in awareness over the course of the intervention
was significantly higher in the intervention group than in the control group.

Whilst the aim of the ADIT study was not to increase liking ofFV, but rather to test
biological effects of an increased consumption, the resulting increased liking of FV
may simply be attributed to participation in a the study. A greater variety of FV
offered as part of the intervention may have influenced greater liking, and
participants were not restricted in any way in their choice ofFV. Indeed, participants
were encouraged to experiment and try different FV which they may not necessarily
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have consumed prior to the intervention. The positive change in liking may also
have resulted from the individually tailored dietary advice.

The increased ease in consuming FV observed in the intervention group may also
reflect the dietary advice and support provided over the course of the study, as well
as the delivery of the FV. Participants in the intervention group were supplied with a
wide variety of FV (fresh, frozen, tinned, dried, juiced) and were given advice
regarding storage, methods of preparation, recipes and ideas for incorporating FV
with other foods typically consumed in their daily diet. In addition, participants were
encouraged to self-monitor their intake of FV during the intervention period.
Consequently, this repeated exposure to a variety of FV, coupled with the ongoing
dietary advice and support over the 16 weeks may have resulted in participants
establishing a routine so that effectively by the end of the intervention they had
gained greater ease in consuming FV (i.e. FV were much easier to store, easier to
prepare/cook, easier to chew and digest, and easier to choose a variety of FV when
shopping).

The analysis also revealed that the intervention group were more aware of
government recommendations. Why this was only found in the intervention group,
when the control group received the same recommendation at the end of the study, is
unclear, but may relate to the repeated 5 portions/day message given to the
intervention group throughout the 16 week study duration.

Participants in the

intervention group were therefore perhaps more aware that they had to consume five
portions of FV per day in order to comply with the study protocol and were therefore
more conscious and focused on the fact that these were public health
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recommendations. The repeated daily exposure to five portions of FV may have
translated into greater awareness of these recommendations to consume five portions
of FV per day. Overall, the findings imply that support and practical advice may be
important for reducing specific barriers to FV consumption in older adults,
particularly for encouraging greater likeness of fruit and making it easier to consume
FV.

These findings concur with those of other FV intervention studies which examined
barriers to FV consumption. Although these studies did not examine the same range
of barriers, their results still showed that participating in a FV intervention could
reduce specific barriers to FV consumption (John & Ziebland 2004; Caldwell et at.
2008; Hendrix et at. 2008). Hendrix et at. (2008) reported that a community-based
intervention in 558 older males and females was effective in decreasing barriers to
FV intake and resulted in greater knowledge of government recommendations and

also an increase in FV consumption. In a cluster randomised trial by Nollen et at.
(2008), participants randomized to a FV intervention showed a significant change in
FV consumption after a period of eight weeks. However, most of the psychosocial

factors examined failed to show any association with this change. An intervention
focusing on education, motivation approaches, including reminders, recipes and
taster sessions, and self-monitoring of intake has previously achieved considerable
success (Cox et at. 1998b), although older people were not included in this study.
Interventions that involve tasting fruits,

vegetables and FV products and

interventions that involve different recipes and methods of cooking have also been
shown to be typically well received (Lancaster 2004; Dye & Cason 2005; Anderson
2007), and have previously been found to result in improvements in FV consumption
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(Lancaster 2004; Anderson 2007). It must, however, be remembered that AD IT
study participants, in contrast to the larger observational barriers study, were selected
to have low FV consumption, and that the barriers of these participants, may have
differed from the larger sample. Therefore the change in barriers observed may have
been different in a population already consuming larger amounts ofFV.

3.7

CONCLUSIONS

Assessing trends in FV consumption is important for determining the success and
effectiveness of public health initiatives and for planning future health promotion
strategies. In conjunction with this, identifying potential barriers that may prevent
greater consumption of FV is also imperative in order to find solutions that are both
practical and effective. The uniqueness of this study lies in the fact that it is the first
study to assess barriers to FV consumption in a representative sample of older people
from NI. The findings of this study suggest that FV intake in the older population of
NI lie below those currently recommended for health. The findings from both the
closed and open-response questions suggest that intakes of FV throughout the older
population of NI may be aided by strategies to increase knowledge, awareness and
consumption of different fruit, vegetables, and FV products and dishes to increase
liking; to increase knowledge and awareness of current recommendations for
consumption, of the benefits of FV for health and well-being; and of current
inadequate intakes of FV ; and to increase willingness to change.

Older adults who participated in the FV intervention study showed an increase in
liking of FV, regardless of intervention group allocation, whilst those in the
intervention group (5 portions/day) reported increased ease in consuming FV after
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completion of the

16 week intervention and an increased awareness of

recommendations. These observations suggest that practical dietary advice, support
and encouragement to try a broader range of FV may influence liking and ease of
consumption, and, ultimately, levels of intake.
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CHAPTER 4
Baseline Characteristics of Participants and
Associations with Markers of Bone Turnover:
the Ageing and Dietary Intervention Trial
(ADIT)
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4.1

INTRODUCTION

As described in the literature review, a number of cross-sectional studies conducted
in both children (lones et al. 2001; McGartland et al. 2004; Tylavsky et al. 2004;
Vatanparast et al. 2005) and adults have reported positive associations between

BMD and fruit and/or vegetable intake (New et al. 1997; Tucker et al. 1999a; New et
al. 2000).

The specific mechanism through which FV may exert a positive effect on bone has
yet to be determined. It is entirely possible that the effect of FV on bone is multifactorial and may involve an interaction between several nutrients present in FV.
However, one theory proposed relates to the effect of acid-base balance on bone. It
is thought that consuming FV results in an increase in alkalinity, due to the presence
of alkaline-rich nutrients such as potassium and magnesium, which act as a buffer
against excess acid and hence decrease bone resorption and calcium excretion
(Remer, 2000; New, 2003). Alternatively, FV are abundant in antioxidants, such as
carotenoids and vitamin C and other nutrients such as folate and vitamin K which
may positively influence bone health.

The majority of cross-sectional studies have focused on BMD as a measure of bone
health (New et al. 1997; Tucker et al. 1999a; New et al. 2000; McGartland et al.
2004; Prynne et al. 2006). Few studies have examined FV intake and bone marker
status, which may provide a better reflection of bone turnover compared to the sitespecific measures of bone densitometry. Furthermore, the majority of cross-sectional
studies to date have been conducted in young people (lones et al. 2001; McGartland
et al. 2004; Tylavsky et al. 2004; V atanparast et al. 2005) or pre- and
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postmenopausal women (New et al. 2000). Many of the studies conducted in adults
have focused on nutrients associated with FV (New et al. 1997; New et al. 2000),
rather than examining overall FV intake in conjunction with nutrient intake. When
assessing FV intake and nutrient intake, many previous studies have tended to use
FFQ (New et al. 1997; New et al. 2000) or 24 hour recall (Freudenheim et al. 1986;
Vatanparast et al. 2005) to assess dietary intake, which may not fully capture or
accurately assess habitual FV intake or overall nutrient intake. Few studies have
employed the use of a 7-day diet history in order to gain a more detailed assessment
of dietary intake.

Of the studies carried out to date, many have also failed to

adequately adjust for important confounding factors, including energy intake. There
is a clear lack of evidence regarding the association between FV intake and bone
health in older adults aged over 65 years, yet it is this age group that is most
vulnerable to fractures and is most affected by osteoporosis and bone-related health
problems.

Consequently, since it is the whole food rather than the individual nutrient that
individuals consume, it seems prudent to examine the association of both FV intake
and nutrient intake with bone health. The aim of this chapter is to provide a detailed
overview of the baseline characteristics of male and female participants in the ADIT
study. This chapter examines the association between FV intake and bone marker
status in this cohort of healthy older individuals aged 65 years and over, taking into
account potential confounding factors.

The chapter also investigates potential

associations between nutrient intake and status, particularly those associated with
FV, and bone marker status. Non-dietary and other biochemical factors, including
height, weight, smoking status, alcohol intake and P A, and isoprostane and CRP
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concentrations, will also be examined in order to determine possible associations
with bone markers.

4.2

MATERIALS AND METHODS

Refer to chapter 2 for details of the study design, dietary intake assessments, blood
sampling procedures and laboratory methods.

4.3

STATISTICAL METHODS

All statistical analyses were performed using SPSS for Windows version 17.0 (SPSS
Inc., Chicago, US). Descriptive summary statistics were calculated for each variable
of interest for the total sample and for males and females separately.

Normally

distributed continuous variables were summarised using mean and standard
deviation.

Skewed variables were logarithmically transformed for parametric

analysis and were summarised using the geometric mean and interquartile range (IQ
range).

Comparisons between males and females were made using independent

samples t-tests and chi-square analysis for continuous and categorical variables
respectively. The associations between bone markers and nutrient intake, nutrient
status and other physical characteristics were tested using Pearsons correlation
coefficients.

Linear regression analyses were performed to examine the relationships between
bone markers and FV intake, nutrient intake and nutrient status. Three analyses were
undertaken: an unadjusted regression analysis in which relationships were analysed
separately and two multiple regression analyses which accounted for the following
confounding factors:- sex, age, height, weight, smoking status, alcohol intake, PA,
current use of medication for osteoporosis and socio-economic status (as assessed by
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years in full time education since age five years) and were carried out to identify
independent predictors of bone marker status. The confounding factors included in
the model were based on previous literature which highlights the importance of these
factors for bone health and for the measurement of bone markers (Hannon & Eastell
2000; Eastell & Hannon 2008).

In the first multiple regression model, nutrients

which were significant were added individually into the model and then adjusted for
confounding factors. In the second multiple regression model, nutrients were added
into the model together and then adjusted for confounding factors.

4.4

RESULTS

A total of 83 eligible individuals agreed to participate in the ADIT study. When
analysing the data however, two participants had serum CRP values >20 mg/l at at
least one time point during the study and were therefore excluded from all analyses,
in line with routine clinical practice (David Edgar, personal communication).
Therefore, of the original 83 participants in the study, baseline data is only presented
for a total of 81 participants.

4.4.1

Physical Characteristics

Table 4.1 describes the baseline physical characteristics of the males and females
who participated in the ADIT study. The majority of the participants were female
(65%, n = 53), with a mean age of 69.9 years. Of the participants, 75.3% (n = 45
females, n = 16 males) were aged 65 - 74 years, while 24.7% (n = 8 females, n = 12
males) were aged 75 - 84 years. The overall mean age of all participants was 71.0
years.

Male participants (n

=

28) were significantly older than the females.

In

addition, males were significantly taller and heavier in comparison to the females,
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although BMIs were similar.

Based on WHO (2003) guidelines for BMI,

participants in the study were, on average, overweight, with a mean BMI of 28.3 for
both males and females.

Mean systolic blood pressure was slightly elevated in

participants although there was no significant difference between the males and
females. Mean diastolic blood pressure appeared higher in males than females, with
the difference between groups approaching significance (p

=

0.05). Although some

gender differences are evident, subsequent analyses were performed on the group as
a whole rather than by gender owing to the small sample size and the limited number
of male participants. Gender was, however, used as a potential confounder in later
regression analyses.

Table 4.1: Baseline characteristics of males and female participants in the ADIT
study
Females
(n = 53)

Males
(n = 28)

p value 1

Age (years)

All
participants
(n = 81)
71.0 (4.9)

69.9 (4.6)

73.0 (5.0)

<0.01

Height (m)

1.6 (0.1)

1.6 (0.1)

1.7 (0.1)

<0.001

Weight (kg)

75.1 (13.6)

70.8 (12.1)

83.2 (12.8)

<0.001

BMI (kg/m2)

28.3 (4.2)

28.3 (4.5)

28.3 (3.7)

0.95

Systolic blood
pressure (mmHg)

151. 7 (22.6)

149.4 (22.8)

156.0 (21.9)

0.22

Diastolic blood
pressure (mmHg)

85 .6 (10.9)

83.9 (10.25)

88.9 (11.5)

0.05

Continuous variables are summarised as mean (SO)
10ifferences between groups (males and females) analysed by independent samples t-test

133

Chapter 4
Table 4.2 displays the categorical baseline data for the participants, when

categorized by sex. Smoking status was significantly different between males and
females . Over 50% of the participants had never smoked (66% of females and 36%
of males). Only 2% of female and 11 % of males were identified as current smokers.
No significant difference was evident in alcohol status between males and females.
More than 50% of the participants were defined as being non-consumers or
occasional consumers of alcohol. Of those who consumed alcohol, males consumed
higher amounts of alcohol (units/week) compared to females. The majority of the
participants (93%) reported currently taking some form of medication, with 9% of
the female participants currently on drug treatment for osteoporosis.
participants reported having suffered a previous fracture or broken bone.

37% of
In the

group as a whole, 42% of the participants reported regular use of vitamin or mineral
supplements. No significant differences were evident between males and females for
reported use of medication, drug treatment for osteoporosis, previous fracture/broken
bone or regular use of vitamin or mineral supplements. Of the female participants (n

= 53), 45% reported having previously taken or currently taking HRT. The mean age
of females at menopause was approximately 47 years.
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Table 4.2: Baseline characteristics of males and female participants in the AD IT study
All
participants
{n = SI}

Females

Males

{n = 53}

{n

Smoking status n (%)
- Current smoker
- Ex-smoker
- Never-smoked

4 (5)
32 (40)
45 (56)

1 (2)
17 (32)
35 (66)

3 (11)
15 (54)
10 (36)

0.02

Alcohol status n (%)
- Never or occasionally
- 1-2 times per week
- 3-5 times per week
- 6-7 times per week

47 (58)
13 (16)
7 (9)
14 (17)

33 (62)
8 (15)
5 (9)
7 (13)

14 (50)
5 (18)
2 (7)
7 (25)

0.54

Quantity of alcohol
consumed (units/wki, 3

5.31 (0.0,5.0)

3.78 (0.0,4.0)

9.30 (0.0,14.8)

0.01

Currently using
medication n (%)

75 (93)

49 (93)

26 (93)

0.95

Currently on drug treatment
for osteoporosis n (%)

5 (6)

5 (9)

0(0)

0.09

Regular use of vitamin or
mineral supplements n (%)

34 (42)

24 (45)

10(36)

0041

Previous fracture or
broken bone n (%)

30 (37)

19 (36)

11 (39)

0.76

Current or previous use of
HRT n (%)

na

24 (45)

na

na

Age at menopause (n = 52)
(approx. years)

na

47.0 (5.8)

na

na

Years since menopause
(n = 52)

na

22.9 (7.7)

na

na

=

p
value!

2S}

Continuous variables are summarised as mean (SD)
Categorical variables are summarised as n (%).
I Differences between groups (males and females) analysed using independent samples t-test for
continuous variable and chi square test for categorical variables
2 Variable is logarithmically transformed and summarised as geometric mean (IQ range)
3 _
n - 14 for males, n = 23 for females
na = not applicable
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4.4.2

Concentrations of Bone Markers, Lipids and Biochemical Markers of

Inflammation and Oxidative Stress
Table 4.3 presents data on the distribution of bone marker measurements (OC and
CTX), lipid profile (total cholesterol, HDL and triglycerides) and markers of
inflammation (CRP) and oxidative stress (8-iso Prostaglandin F2a). Neither CTX nor
QC were significantly different between males and females.

In relation to lipid

profile, both total cholesterol and HDL concentrations were significantly higher in
females compared to males. In the group as a whole, mean total cholesterol levels
were mildly elevated, based on DOH reference ranges of 5.2 - 6.4 mmolll for mildly
elevated cholesterol and <5.2 mmolll for desirable (DOH, 1991). Individual results
showed that 49% of participants had elevated total cholesterol concentrations (>5.2
mmolll). Based on WHO recommendations (WHO, 2006), mean concentrations of
HDL and triglycerides were at the optimal level

(~1.03

and

~1.69

mmolll

respectively) in both males and females. However, individual results revealed that
13% and 33% of participants were outside the optimal levels for HDL (i.e. <1.03
mmol/l) and triglycerides (> 1.69 mmol/l) respectively. Concentrations of CRP and
8-iso Prostaglandin F2a did not differ significantly between males and females.

l36

Table 4.3: Bone marker status, lipid profile and markers of inflammation (CRP) and oxidative stress (8-iso Prostaglandin F 2u) in male
and female participants at baseline

QC (ng/mli

Females
(n max = 53)
20.8 (16.8,27.9)

Males
(n max = 28)
16.6 (11.0,20.4)

CTX (ng/ml)2

0.46 (0.35,0.60)

0.47 (0.37,0.61)

0.44 (0.35,0.58)

Total cholesterol (mmolll)

5.25(1.15)

5.45 (1.09)

4.89 (1.20)

< 5.23

0.04

HDL (mmolll)

1.48 (0.41)

1.57 (0.37)

1.31 (0.42)

~ 1.03 4

<0.01

Triglycerides (mmolll)2

1.33 (0.91,1.94)

1.35 (1.03,1.88)

1.29 (0.89,2.07)

~ 1.694

0.73

CRP (mg/li

2.06 (1.11,3.84)

2.26 (1.11,4.36)

1.73 (1.02,2.91)

1-3 5

0.17

8-iso Prostaglandin F2a
(nmollmmol creatinine)2

1.69 (1.24,2.04)

1.77 (1.24,2.16)

1.56 (1.26,1.75)

Desirable level

0.13
0.79

IDifferences between groups (males and females) analysed using independent samples Hest
Variables are summarised as mean (SO) except for 2 where variables are logarithmically transformed and summarised as geometric mean (IQ range)
3 Based on recommendations from DOH (1991)
4 Based on recommendations from WHO (2006)
5 Based on Centers for Disease Control/American Heart Association recommendations for CRP (Pearson et al. 2003)

......
W

-..l

p value 1

All participants
(n max = 81)
19.2 (12.4,27.7)
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4.4.3

Nutrient Intake and Estimated NEAP

Table 4.4 describes the mean daily intakes of total energy and macronutrients as

assessed by the diet history method.

Mean nutrient intakes for both males and

females were compared with the current UK dietary reference value (DRV) or
reference nutrient intake (RNI) where possible. Males had significantly higher mean
energy intakes than females, however mean energy intakes were lower than the
estimated average requirement (EAR) for total energy intake for males and females
aged 65 years and over (DOH, 1991). Energy intakes were lower than the EAR in
94% of females and 93% of males. Under-reporters of energy were classified as
those having an energy intake: basal metabolic ratio (BMR) < 1.14, based on cutoffs set by Goldberg et al. (1991). In the group as a whole, under-reporting of
energy intake occurred in all male participants and in females aged 75 years and
over. Mean intakes of polyunsaturated fatty acid (PUF A) and monounsaturated fatty
acid (MUF A) were comparable with the DRV recommendations. More than 50% of
participants were meeting the DRV for PUFA and MUFA. Mean daily intakes of
protein exceeded the current RNI, for both males and females, with 91 % and 93% of
females and males respectively consuming in excess of the RN!. Mean daily intakes
of total fat were also high in comparison to the DRV (79% of participants consumed
>33% of their total daily energy from total fat, with 91% consuming >10% of total
energy from SF A). Macronutrient intakes were relatively comparable between males
and females, with no significant differences evident between the two groups, except
for absolute intakes of dietary fibre, which were significantly higher in males
compared to females, although this disappeared when standardized by energy intake.
Mean intakes of carbohydrate (as a % of energy) were lower than the DRV (77% of
participants consumed <47% of total energy from carbohydrate). Likewise, intakes
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of starch (as a % of energy) and dietary fibre were below the DRV. All participants
consumed <37% of their total daily energy from starch, while over 95% consumed
less than the recommended intake (18 g/day) of dietary fibre.

In contrast, the

contribution of total sugars to total energy intake exceeded the DRV in both males
and females with over 95% of males and females consuming > 10% of their total
daily energy from sugars.
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Table 4.4: Mean daily intakes of total energy and macronutrients as reported by male and female participants at baseline

Energy (kcalld)

All participants
(n max = 81)

Females
(n max = 53)

DRV

Males
(n max = 28)

DRV

p value

1540 (326)

1471 (321)

1900 (65-74 yrs)
1810 (75+ yrs)

1670 (302)

2330 (65-74 yrs)
2100 (75+ yrs)

<0.01 1

Energy intake : BMR ratio
- 65-74 yrs
- 75+ yrs

1.16 (0.23)
0.89 (0.15)

1.01 (0.20)
1.07 (0.11)

Protein
- gld
- gll OOOkcalld

66.2 (13.0)
43 .8 (7.7)

64.3 (12.3)
44.7 (8.1)

46.5

69.8 (13 .8)
42.2 (6.9)

53 .3

0.07
0.18

Total fat (% of energy)

37.0 (4.8)

36.8 (4.7)

33

37.4 (5.1)

33

0.55

SF A (% of energy)

14.4 (3 .6)

14.5 (3.2)

10

14.3 (4.3)

10

0.90

PUF A (% of energy)

6.1(2.1)

6.0 (2.0)

6

6.4 (2.3)

6

0.43

MUF A (% of energy)

11.8 (1.7)

11.6 (1.8)

12

12.0 (1.5)

12

0.34

Carbohydrate (% of energy)

43.2 (5 .1)

43.5 (5.2)

47

42 .6 (4.9)

47

0.41

Starch (% of energy)

25.7 (4.1)

25.4 (4.2)

37

26.3 (3.8)

37

0.33

Total sugars (% of energy)

17.1 (4.7)

17.6 (4.6)

10

16.0 (4.9)

10

0.14

Dietary fibre
- gld
- glI000kcalld

10.9 (3.3)
7.2 (2.1)

10.2 (2.4)
7.2 (1.9)

18

12.2 (4.2)
7.4 (2.5)

18

0.03
0.62

DRV = Dietary reference value for adults aged >65years based on UK Department of Health Report 41: Dietary Reference Values for Food Energy and Nutrients for the United Kingdom ; BMR - basal
metabolic rate estimated using Schofield equations (Schofield et al. 1985). Values are summarised as mean (SO) ISignificant difference between groups (males and females) using independent samples Hest.
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Mean daily intakes of FV and selected micronutrients are presented in Table 4.5.
Baseline intakes of FV and dietary intakes of vitamins were comparable between
males and females. Mean dietary intakes of vitamin C, vitamin B 12 and vitamin B6
were slightly higher than the RNI for this age group.
recommendations for vitamin

B12

All participants met the

intake while 73% of participants consumed in

excess of the RNI for vitamin C. Only 21 % of males and 15% of females consumed
less than the recommended intake of vitamin B6 .

However, in contrast, dietary

intakes for retinol and vitamin D in particular, were markedly lower in both males
and females in comparison to the RNI for this age group. All participants had lower
than the recommended intakes of vitamin D (range of intakes 0.92 - 8.50 Ilg/day)
while 89% and 87% of males and females respectively consumed less than the RNI
for retinol. Although absolute intakes of potassium and zinc were significantly higher
in males compared to females, when standardized by energy intake, no differences
were apparent between the groups. Mean intakes of folate and calcium (standardized
by energy intake) were significantly higher in females compared to males. For both
sexes, mean intakes of folate, calcium, phosphorus, iron and zinc (females only)
exceeded the current UK recommended RN!. The results showed that all participants
consumed more than the RNI for phosphorus, 67% consumed more than the RNI for
iron and 58% consumed more than the RNI for both folate and calcium. In relation
to zinc, 64% of females and 14% of males exceeded the RN!. In contrast, mean
intakes of magnesium, potassium, copper and selenium in both males and females
were lower than the RNI (all participants were below the RNI for selenium; 98% and
89% of participants were below the RNI for potassium and copper respectively and;
86% and 91 % of males and females respectively were below the RNI for
magnesium.
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Using the nutrient data, mean estimated levels of PRAL and NEAP at baseline were
calculated as 6.34 mEq/day (SD 7.33) and 48.99 mEq/day (SD 8.42) respectively.
PRAL and NEAP were calculated according to the equation by Remer et al. (2003).
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Table 4.5: Mean daily intakes of FV and selected micro nutrients as reported by male and female participants at baseline
Females
(n m . .= 53)

1.4 (0.60)

1.4 (0.6)

Vitamin C
- mg/d
- mg/ 1OOOkcal/d

56.5 (27.1)
38.4 (20.6)

58.6 (29.3)
41.1 (21.8)

40

52.7 (22.2)
33 .2 (17 .3)

40

0.36
0.10

Retinol 2
- llg/d
- 1lg/ 1000kcal/d

367.9 (229 .5,515.5)
244.6 (168 .1,309.1)

356.8 (227.5,491 .5)
248.7 (168.1,305.0)

600

389.8 (252 .8,542.0)
236.9 (169.2,330.2)

700

0.57
0.74

Carotene 2
- llg/d
- 1lg/ 1OOOkcal/d

1.88 (1.13,3 .25)
1.24 (0.71 ,2.04)

1.83 (1.13,3 .20)
1.28 (0.73 ,2.05)

Vitamin E 2
- Ilg/d
- llg/ 1OOOkcal/d

5.43 (3 .60,8.41)
3.61 (2.46,5.93)

5.09 (3.38,8.17)
3.55 (2.46,5.62)

>3 mg/d

Vitamin D 2
- Ilg/d
- 1lg/ 1OOOkcal/d

2.06 (1.32,3.25)
1.37 (0.83 ,2.40)

1.87 (1.17,2.98)
1.31 (0.75 ,2.35)

10

Vitamin K 2
-Ilg/d
- Ilg/ 1000kcal/d

5.96 (3.04, 11.64)
3.96 (1.90,8.12)

6.56 (3 .38, 12.00)
4.57 (2.17,8.83)

1 llg/kg/d

Vitamin 8 6
- mg/d
- mg/1000kcal/d

1.66 (0.39)
1.12 (0.32)

1.64 (0.39)
1.16 (0.34)

Vitamin 8 12 2
- Ilg/d
- 1lg/1000kcal/d

4.70 (3 .87,6.09)
3.12 (2.42,3.86)

4.57 (3.76,5.72)
3.19 (2.41 ,3.93)

FV intake
(portions/day)

,.....
~

w

Males
(n m . .= 28 )

p value

All participants
(n mu= 81)

RNI

RNI

1.4 (0.6)

0.85

0.70
0.73

1.97 (1.12,3.39)
1.20 (0 .66,2.10)

6.12 (4.46,9.51)
3.72 (2.36,6.46)

>4 mg/d

2.47 (1.89,4.04)
1.50 (1.11 ,2.57)

10

4.97 (2.51 , 11.13)
3.02 (1.56,6.45)

1 llg/kg/d

1.2

1.70 (0.41)
1.04 (0.26)

1.4

0.52
0.10

1.5

4.90 (3.97,6.27)
2.99 (2.43,3.78)

1.5

0.47
0.51

J

J

0.18
0.72

J

0.06
0.36

J

0.31
0.13

I

~
Table 4.5 continued :
Folate
- Ilg/d
- 1lg/ 1OOOkcal/d

2 14.3 (48 .0)
142.8 (34.8)

214.7 (48 .5)
149.7 (35.5)

200

Calcium
- mg/d
- mg/ IOOOkcal/d

749.1 ( 195.5)
493 .9 (117.7)

750.0 (201.4)
517.0 (124.4)

700

Magnesium
- mg/d
- mg/ 1000kcal/d

219.8 (46. 1)
145.7(28 . 1)

213 .0 (43 .6)
148.0 (28.4)

270

Phosphorus
- mg/d
- mg/ I OOOkcal/d

1080.4 (203 . 1)
717.5 (132 .9)

1060.2 (198 .2)
738.6 (140.4)

Potassium
- mg/d
- mg/ IOOOkcal/d

2411.4 (458 .3)
1602.2 (298.4)

Iron
- mg/d
- mg/ IOOOkcal/d

213 .5 (47 .8)
129.9 (30.2)

200

747.6 (187 .5)
450.4 (90.5)

700

232.8 (48 .5)
141.2 (27.4)

300

550

1118.7(210.4)
677.5 (108 .5)

550

0.22
0.05

2330.1 (417.5)
1628.6 (321.5)

3500

2565.4 (499.1)
1552.2 (246.6)

3500

0.03
0.28

9 .91 (2 .88)
6.57 (1.92)

9.81 (2 .83)
6 .82 (2.04)

8.7

10.10 (3 .00)
6.08 (1.61)

8.7

0.67
0. 10

Copper 2
- mg/d
- mg/ IOOOkcal/d

0.85 (0.67,0.99)
0.57 (0.46,0.62)

0.82 (0.64,0.96)
0.57 (0.45,0.66)

1.2

0 .92 (0.80, 1.04)
0.56 (0.49,0.62)

1.2

0.18
0.80

Zinc 2
- mg/d
- mg/I OOOkcal/d

7.54 (6.45 ,8.90)
5.02 (4.37,5.67)

7.24 (6.30,8.50)
5.04 (4.38,5.81)

7.0

8.17 (6.75,9.20)
4.96 (4.24,5.41)

9.5

0.04
0.76

0.91

o.ot
0.96

O.ot
0.07
0.30

Selenium
- Ilg/d
36.21 (12 .91)
35.06 (12.80)
60
38.39 (13 .06)
75
0.27
24.78 (11.53)
23.43 (8.35)
0.59
_ 1lg/IOOOkcal/d
24.31 (10.51)
RNI - Reference nutrient intake for adults aged >65years based on UK Department of Health Report 41: Dietary Reference Values for Food Energy and Nutrients for the United Kingdom. 1 Differences between
groups (males and females) analysed using independent samples Hest. Values are summarised as mean (SO) except for 2 where variable is logarithmically transformed and summarised as geometric mean (IQ
range). ) Safe intakes. Nutrient intake variables presented per 1000 kcal energy.
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4.4.4

Nutrient Status

Table 4.6 shows the mean total carotenoid and micronutrient status of males and
females participating in the AD IT study.

Concentrations of vitamin C were

significantly higher in females compared to males. No other significant differences
were evident in micronutrient status between males and females, although levels of
p-cryptoxanthin and vitamin
:=

0.05 and p

4.4.5

=

Bl2

tended to be higher in females compared to males (p

0.06 respectively).

Bone Marker Status

Table 4.7 describes bone marker status based on sex and selected lifestyle variables.
There were no significant differences in either CTX or QC concentrations in relation
to any of the selected variables.

In addition, to account for possible seasonal

variation in bone markers, the season in which the baseline blood sampling was
taken was also determined, but again no significant differences were evident with
either CTX or QC (data not shown).
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Table 4.6: Total and individual carotenoid status and micronutrient status of participants in the ADIT study
All participants
(nmu = 79)

Females
(n max = 51)

Males
(n max = 28)

p value

Total carotenoids (J..lmolll)2

1.13 (0 .77, 1.71)

1.21 (0 .80, 1.91)

1.00 (0.71 , 1.53)

0.20

Vitamin C (J..lmolll)

42.82 (37 .20,59.20)

49.46 (41.40,61.70)

32.94 (21.05,54.20)

<0.01

Lutein (J..lmol/l)

0.15 (0 .12,0.21)

0.15 (0 .12,0.20)

0.15 (0 .10,0.21)

0.75

Zeaxanthin (J..lmolll)

0.03 (0 .02,0.04)

0.03 (0 .03 ,0.04)

0.03 (0 .01 ,0.04)

0.27

f3-cryptoxanthin (J..lmol/l)

0.06 (0.04,0.09)

0.07 (0.05,0.10)

0.05 (0.04,0.07)

0.05

a-carotene (J..lmol/l)

0.10 (0.06,0 .18)

0.10(0.06,0.18)

0.10(0 .05 ,0.18)

0.88

f3-carotene (J..lmol/l)

0.26 (0.18,0.42)

0.28 (0.18,0.44)

0.22 (0.15,0.36)

0.22

Lycopene (J..lmol/l)

0.40 (0.22,0.86)

0.44 (0.22,1.00)

0.34 (0 .18,0.64)

0.27

Retinol (J..lmolll)

2.14 (1.87,2.52)

2.19 (1.88,2.55)

2.05 (1.79,2.46)

0.31

Folate (nmolll)

20.88 (15.31 ,30.66)

21.83 (21.00,27.74)

19.22 (17.54,24.93)

0.27

Vitamin B12 (pmolll)

291.8 (223.1,357.1)

303.7 (290.5,375 .3)

258.27 (237.3,307.5)

0.10

25(OH)O (nmolll)

54.10 (41.300,71.80)

55.62 (44.40,71.80)

51.42 (39.05,71.28)

0.42

1

All variables arc logarithmically transformed and summarised as geometric mean (IQ range). I Differences between groups (males and females) analysed using independent
samples Hest. 2 Total carotenoids = sum of <x-carotene + p- carotene + p-cryptoxanthin + lutein + zeaxanthin + lycopene .
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Table 4.7: Levels of bone markers according to sex and other lifestyle characteristics (categorical variables)
0

~

-.l

p value

p

QC

v~lue

(og/ml) I

I

Sex

Male
Female

28
51

0.45 (0.35 ,0.58)
0.4 7 (0.3 7,0.61)

0.79

16.61 (6.80,27.90)
20.83 (11.00,20.43)

0.l3

Current smoker

Yes
No

4
75

0.38 (0 .29,0.47)
0.46 (0.35 ,0.60)

0.52

12.61 (7.37,20.35)
19.66 (13 .30,27.90)

0.17

Never
Ex
Current

44
31
4

0.46 (0.38,0.64)
0.46 (0.34,0.59)
0.38 (0 .29,0.47)

0.56

20.96 (14.30,28 .38)
17.95 (10 .90,24.30)
12.61 (7.37,20.35)

0.58

Alcohol status 2

Never/occasionally
1-2 times/week
3-5 times/week
6-7 times/week

45
13
7
14

0.50
0.37
0.41
0.46

(0.39,0.75)
(0 .29,0.46)
(0.35 ,0.47)
(0.34,0.57)

0.35

22.23
14. 10
14.94
18.21

(15.85,34.90)
(11.55 , 17.85)
(9.75 ,21.00)
(12 .00,25.20)

0.36

Previous fracture or broken
bone

Yes
No

30
49

0.44 (0.32,0.71)
0.47 (0.36,0.57)

0.61

19.91 (13 .83,29.05)
18.81 (11.90,27.15)

0.70

Current or previous
use ofHRT

Yes
No

23
28

0.50 (0.41 ,0.64)
0.44 (0.35 ,0.60)

0.51

23.98 (19.30,30.70)
18.55 (13.08,27.33)

0.18

Regular use of vitamin
or mineral supplements

Yes
No

34
45

0.43 (0.35 ,0.56)
0.48 (0.37,0.61)

0.35

18.23 (12.00,26.58)
20.00 (13.35,27.95)

0.52

Currently using medication

Yes
No

73
6

0.46 (0.35,0 .60)
0.47 (0.40,0.55)

0.89

19.64 (12.85,27.95)
14.74 (10.06,19.35)

0.29

Smoking status

......

CTX
(og/m)

2

0.16
l3.09 (9.11,21.55)
0.25 (0 .15,0.62)
0.27
5
Currently on drug treatment
Yes
for osteol2orosis
No
74
0.48 (0.37,0.60)
19.73 (14.30,27.75)
I Variables are logarithmically transformed and summarised as geometric mean (interquartile range). There were no significant differences between variables for either bone
marker. Comparisons between groups assessed by independent samples t-test except for 2 where comparisons were made using one way ANOV A
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In order to assess potential associations between bone markers and nutrient intake
and status, bivariate correlation analyses were carried out. Since bone marker status
did not differ significantly between males and females (as shown previously in Table
4.7), all further analyses were based on the total group (males and females
combined).

4.4.6

Association Between Bone Markers and Non-Dietary Related Factors

Table 4.8 shows the results of the bivariate correlation for the association between
bone markers and anthropometric characteristics, lipid profile and markers of
inflammation and oxidative stress. In general, correlations with bone markers were
relatively weak with coefficients ranging from -0.23 to 0.10. From the variables
shown in Table 4.8, only height showed a significant negative association with OC,
and this association was not evident with CTX. No other significant associations
were found with either CTX or OC.
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Bivariate correlation for the aSSocIatIOn between anthropometric
characteristics, markers of inflammation and oxidative stress, lipid profile and bone
marker status in all participants

Table 4.8:

CTX

p value

QC

p value

(ng/ml)l

(ng/ml)l

Age (yrs)

-0.05

0.67

-0.13

0.24

Height (m)

-0.12

0.30

-0.23

0.04

Weight (kg)

-0 .05

0.67

-0.21

0.07

BMI (kg/m2)

0.03

0.81

-0.11

0.36

Total PA (mins/week)

-0.05

0.66

-0.09

0.46

Alcohol (units/week)

-0.06

0.59

-0.11

0.35

CRP (mg/l)!

-0.12

0.30

-0.20

0.08

8-iso Prostaglandin F2a
(runollmmol creatinine)!

-0.05

0.69

0.05

0.68

Cholesterol (mmolll)

0.00

0.99

0.09

0.44

Triglycerides (mmol/l)!

0.06

0.63

-0.06

0.61

HDL (mmol/I)

-0.02

0.88

0.10

0.37

I Variables were log transformed
Changes were compared using Pearson correlation coefficients.
n = 79 for all comparisons.
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4.4.7

Association Between Bone Markers, Fruit and Vegetable Intake,

Nutrients and Estimated NEAP
The associations between micronutrient status, total and individual carotenoid status
and bone markers are shown in Table 4.9. Again, correlations were relatively weak,
with the exception of folate and vitamin B 12 which both showed a significant
negative correlation with CTX (p<0.01 and p = 0.01 respectively).

Table 4.9: Bivariate correlation between baseline total and individual carotenoids
and micronutrient status and bone markers in all participants
Micronutrient

CTX
(og/ml)

p value

QC
(ng/ml)

p value

Total carotenoids (/J-molll)

0.18

0.12

0.10

OA1

Vitamin C (/J-molll)

-0.14

0.22

0.08

OA7

Lutein (/J-molll)

-0.02

0.84

-0.02

0.86

Zeaxanthin (/J-molll)

0.11

0.34

0.11

0.34

~-cryptoxanthin

0.10

OAO

0.11

0.33

a-carotene (/J-molll)

0.11

0.34

0.03

0.83

~-carotene

0.16

0.16

0.09

OA3

Lycopene (/J-mol/l)

0.15

0.18

0.09

0.43

Retinol (/J-molll)

0.05

0.64

0.05

0.64

Folate (nmolll)

-0.33

<0.01

-0.19

0.10

Vitamin

-0.29

0.01

-0.08

OA9

0.09

0.45

0.11

0.36

(/J-mol/l)

(/J-mol/l)

B12

(pmol/l)

25(OH)D (nmolll)

All variables were log transformed. Changes were compared using Pearson correlation coefficients.
n = 79 for all comparisons.
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Tables 4.10 and 4.11 shows the associations between bone markers and
macronutrient and micronutrient intake respectively.

Table 4.11 also shows the

association between bone markers and FV intake. As can be seen from Table 4.10,
macronutrient intakes were not correlated with CTX (coefficients ranged from -0.20
to 0.20). Similarly, no significant correlations were evident between macro nutrient
intake and OC concentrations. From Table 4.11 mean intakes of FV were negatively
correlated with CTX (r
correlated with CTX.

=

-0.28, P

=

0.01), whilst retinol intakes were positively

Reported dietary intakes of calcium showed a significant

positive correlation with OC, but not CTX. No other significant correlations were
apparent between micronutrient intake and CTX or OC. There was no association
between either PRAL or NEAP and the bone markers (Table 4.12).
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Table 4.10: Bivariate correlation between macronutrient intake and bone marker
status in all participants
l

CTX
(ng/mli

p value

QC
(nglml)2

p value

Protein (g/d)

-0.10

0.38

0.02

0.88

Total fat (g/d)

0.05

0.70

-0.11

0.34

SFA (g/d)

0.20

0.07

0.00

0.97

PUFA (g/d)

-0.09

0.44

0.03

0.82

MUFA (g/d)

0.00

0.99

-0.09

0.42

Cholesterol (mg/d)2

0.04

0.76

0.10

0.39

Carbohydrate (g/d)

0.02

0.83

0.13

0.26

Starch (g/d)

-0.08

0.48

0.06

0.60

Total sugars (g/d)

0.07

0.57

0.04

0.75

Dietary fibre (g/d)

-0.20

0.08

-0.10

0.36

Nutrient

INutrient intakes expressed per 1000 kcal energy. 2Yariables were log transformed .
Changes were compared using Pearson correlation coefficients.
n = 79 for all comparisons.
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Table 4.11: Bivariate correlation between micronutrient intake and bone marker
status in all participants
CTX
(og/ml)1

p value

QC
(og/ml)1

p value

FV intake (portions/d)

-0.28

0.01

-0.19

0.10

Vitamin C (mg/d)

-0.13

0.25

-0.07

0.53

Retinol (llg/d)1

0.23

0.05

0.13

0.24

Carotene (llg/d)1

-0.15

0.20

0.01

0.94

Vitamin E (llg/d)1

-0.09

0.42

-0.05

0.65

Vitamin D (llg/d)1

-0.09

0.42

0.04

0.72

Vitamin K (llg/d)1

-0.11

0.35

-0.03

0.80

Vitamin B6 (mg/d)

-0.17

0.13

0.05

0.66

Vitamin BI2 (Ilg/d) I

0.05

0.68

0.11

0.34

Folate (Ilg/d)

-0.05

0.65

0.12

0.28

Calcium (mg/d)

0.14

0.21

0.23

0.04

Magnesium (mg/d)

-0.16

0.16

0.00

0.97

Phosphorus (mg/d)

-0.04

0.75

0.12

0.29

Potassium (mg/d)

-0.21

0.06

-0.03

0.82

Iron (mg/d)

-0.09

0.46

0.03

0.82

Copper (mg/d)1

0.19

0.10

0.22

0.05

Zinc (mg/d)1

0.01

0.93

0.05

0.67

Selenium (Ilg/d)

-0.03

0.77

0.02

0.89

I Variables were log transformed. Nutrient intakes expressed per 1000 kcal energy.
Changes were compared using Pearson correlation coefficients.
n = 79 for all comparisons.
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Table 4.12: Bivariate correlation between estimated PRAL and NEAP and bone
marker status in all participants

CTX

p value

(ng/ml)

QC

p value

(ng/ml)

PRAL (mEq/day)I

0.14

0.23

0.07

0.53

NEAP (mEq/day)1

0.08

0.50

-0.06

0.60

Changes were compared using Pearson correlation coefficients.
PRAL = Potential renal acid load ; NEAP = Net endogenous acid production
'Calculated according to the equation by Remer et al. (2003) .
n = 79 for all comparisons.

Tables 4.13 and 4.14 show the results of the regression analyses (unadjusted and

adjusted) to examine the relationship between FV intake, folate and vitamin BI2
status, intakes of selected nutrients and the bone marker CTX and QC respectively.
This analysis was performed to determine whether FV or other nutrients were
independent predictors of markers of bone metabolism. Variables which had a p
value <0.10 in the bivariate correlation analysis were entered into the unadjusted
regression model. Each variable was then separately adjusted for sex, age, height,
weight, smoking status, alcohol intake, P A, use of medication for osteoporosis and
socio-economic status (based on years in full time education since age 5 years). This
was to account for possible multi-collinearity among nutrients. No interaction terms
were added to the models.

The unadjusted analysis revealed similar trends to the correlation analysis. Higher
FV intakes were significantly associated with higher levels of CTX with results
showing that for each portion increase in FV, CTX multiplied by 0.78 thus
corresponding to a 22% decrease in CTX. Similarly, serum levels of folate and
vitamin B12 again showed the strongest association with CTX (both p <0.01). For
each 10-fold increase in levels of folate and vitamin B 12, CTX was multiplied by
154
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0.47 and 0.46 respectively, thus corresponding to a decrease in CTX of 53% and
54% respectively.

Dietary intakes of retinol and dietary fibre also showed a

significant association with CTX.

In contrast however, no significant associations were apparent between FV intake or
the selected nutrients and QC, although the associations with energy standardised
calcium intake and copper intake appeared to approach statistical significance (p

=

0.07 and p = 0.05 respectively).

After adjusting for confounding factors, FV intake was found to be independently
associated with CTX (p<0.01) while the association with QC approached
significance (p

=

0.06). Serum levels of vitamin B 12 , folate and dietary intakes of

potassium and dietary fibre also showed a significant association with CTX.

In

contrast to CTX, there were no significant associations evident between nutrients and
QC although the association between QC and serum levels of folate and vitamin

B12

appeared to approach significance after adjusting for confounding factors (p = 0.09
and p = 0.07 respectively).

Apart from dietary factors, height and weight did not appear to be associated with
either CTX or QC in both the unadjusted and adjusted analysis. However, there was
a significant association between CRP and both CTX and QC (p = 0.03 and p = 0.04
respectively, after adjusting for confounding factors), with results showing that for
each mg/l increase in CRP, CTX and QC decreased by 16% and 18% respectively.
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Table 4.13: Regression analysis (unadjusted and adjusted) to examine the relationship between FV intake, folate and vitamin B12 status,
intakes of selected nutrients and the bone resorption marker CTX
CTX 1 (n

=

79)
Adjusted

Unadjusted

2

Ratio of geometric
mean (95% Cl)

p value

R2

Ratio of geometric
mean (95% Cl)

p value

FV intake : per portion increase

0.78 (0.65,0.93)

<0.01

0.091

0.72 (0.58,0.90)

<0.01

Vitamin 8 12 (pmoVl): per 10 fold increase 1

0.46 (0.25,0.84)

0.01

0.081

0.31 (0.16,0.60)

<0.01

Folate (nmo lll): per 10 fold increase 1

0.47 (0.28,0.78)

<0.01

0.107

0.48 (0.28,0.82)

<0.01

Retinol : per J..lg/ IOOOkcalld increase l

1.22 (1.03,1.44)

0.03

0.065

1.27 (1.06,1.52)

0.01

Calcium : per IOOmg/1 OOOkcal/d increase

1.05 (0.96, 1.15)

0.29

0.015

1.02 (0.92,1.13)

0.65

Potassium : per I OOmg/ 1OOOkcalld increase

0.96 (0.93 , 1.00)

0.06

0.048

0.95 (0.92,0.99)

0.02

Copper: per mg/I OOOkcaVd increase 1

1.29 (0.93 ,1.79)

0.12

0.031

1.56 (0.99,2.44)

0.05

SFA: per g/I OOOkcal/d increase

1.02 (0.99, 1.05)

0.21

0.021

1.01 (0.99,1.05)

0.29

Dietary fibre: per g/I OOOkcaVd increase

0.95 (0.90,1.00)

0.03

0.059

0.93 (0.87,0.98)

0.01

Height: per m increase

0.45 (0.11,1.83)

0.26

0.017

0.29 (0.02,4.89)

0.38

Weight: per kg increase

1.00 (0.99 ,1.0 I)

0.73

0.002

1.00 (0.99,1.01)

0.88

CRP: per mg/l increase 1

0.88 (0.78,1.01)

0.06

0.047

0.84 (0.72,0.98)

0.03

1 Variables were log transformed therefore all B values (95O/';CI)presented as ratio of ge()metric mean (95% Cl). 2 Each variable was separately adjusted for sex, age, height, weight,
smoking status, alcohol intake, PA, current use of medication for osteoporosis and socio-economic status. The effect ofFV or each nutrient (intake and status) was considered separately in
the adjusted model. This was to account for possible multi-collinearity among nutrients .
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Table 4.14: Regression analysis (unadjusted and adjusted) to examine the relationship between FV intake, folate and vitamin B12 status,
intakes of selected nutrients and the bone formation marker QC
QC 1 (n = 79)

Adjusted 2

Unadjusted
Ratio of geometric
mean (95% Cl)

p value

R2

Ratio of geometric
mean (95% Cl)

p value

0.83 (0 .65 ,1.07)

0. 14

0.028

0.76 (0.57, 1.01)

0.06

0.75 (0.33 ,1.71)

0.49

0.006

0.43 (0.18,1.07)

0.07

Folate (nmolll): per 10 fold increase I

0.56 (0.28, 1.12)

0. 10

0.036

0.54 (0.27, 1.09)

0.09

Retinol: per /-lg/ IOOOkcalld increase 1

1.14 (0.90,1.43)

0.27

0.016

1.18 (0.93,1.49)

0.16

Calcium : per 100mg/1000kcal/d increase

1.12 (0 .99, 1.26)

0.07

0.044

1.06 (0.94, 1.21)

0.35

Potassium: per 100mg/l000kcalld increase

1.00 (0.95,1.05)

0.98

0.000

0.99 (0.94,1.04)

0.62

Copper: per mg/I OOOkcalld increase 1

1.52 (0.99,2.33)

0.05

0.049

1.66 (0.94,2.93)

0.08

SFA : per g/IOOOkcalld increase

1.00 (0.96,1.04)

0.98

0.000

1.00 (0.96,1.04)

0.97

Dietary fibre : per g/I OOOkcal/d increase

0.97 (0.90,1.04)

0.33

0.013

0.96 (0.88,1 .03)

0.25

Height: per m increase

0.19 (0.03,1.15)

0.07

0.043

0.57 (0.02,19.83)

0.75

Weight: per kg increase

0.99 (0.98,1.00)

0.10

0.036

0.99 (0.98,1.01)

0.30

CRP: per mg/I increase l

0.84 (0.71,1.00)

0.05

0.051

0.82 (0.68,0.99)

0.04

FV intake: per portion increase
Vitamin

B I2

(pmo lll): per 10 fold increase l

I Variables were log transformed therefore all B values (95% Cl) presenteda.s-iatio of geometric mean (95% Cl). 2 Each variable was separately adjusted for sex, age, height, weight,
smoking status, alcohol intake, total PA, current use of medication for osteoporosis and socio-economic status. The effect ofFV or each nutrient (intake and status) was considered
separately in the adjusted model. This was to account for possible multi-collinearity among nutrients .
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Table 4.15 presents the results from a further multiple regression analysis.

This

time, all dietary variables which were significantly associated with either bone
marker in the unadjusted analysis were entered into the model together, rather than
separately.

Variables were then adjusted for the same confounding factors as

previously mentioned. The results from this regression suggest that FV intake and
serum levels of vitamin B12 are independent predictors of CTX. After adjusting for
the other nutrients and for other confounding factors, it can be seen that for each
portion increase in FV, CTX multiplied by 0.77 thus corresponding to a 23%
decrease in CTX. In addition, with every 10 fold increase in serum levels of vitamin
B 12, CTX decreased by 53%. In contrast, dietary intakes of retinol appeared to be
associated with an increase in levels of CTX. In this analysis, no other significant
associations were evident.

The fact that folate and dietary fibre lost significance in this analysis suggests that
the effects of these nutrients are in fact being driven by FV intake. In addition, this
analysis failed to show any significant association between the variables and OC.

158

Table 4.15: Final adjusted regression analysis to examine the relationship between FV intake, folate and vitamin BI2 status, intakes of selected
nutrients and the bone markers CTX and QC

-

-- -- - - --- ----- -

--

- - ----- --- - - ---

CTX '(n=79)
Ratio of geometric
mean (95%CI)

QC' (n = 79)
p value

R2
(Adjusted R2)

Ratio of geometric
mean (95% Cl)

p value

0.430 (0.290)

R2
(Adjusted R2)
0.292 (0.118)

FV intake : per portion increase

0.77 (0.63,0.94)

0.01

0.78 (0.59,1.05)

0.10

Vitamin B'2 (pmo l/l) : per 10 fold increase'

0.47 (0.24, 0.92)

0.03

0.62 (0.23,1.66)

0.34

Folate (nmol/l): per 10 fold increase'

0.70 (0.41 ,1.19)

0.18

0.67 (0.31,1.45)

0.30

Retinol : per Ilgl 1OOOkcal/d increase'

1.20 (1.02,1.40)

0.03

1.12 (0.89,1.42)

0.32

Dietary fibre : per gl l OOOkcal/d increase

0.97 (0.91 ,1.02)

0.21

0.99 (0.91 , 1.07)

0.78

, Variables were log transformed therefore all B values (95% Cl) presented as ratio of geometric mean (95% Cl).
All variables in the table were entered into the model together and then adjusted for sex, age, height, weight, alcohol intake, smoking status, total PA, current use of medication for osteoporosis
and years in education since age 5 years (as a measure of socio-economic position) .
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4.5

DISCUSSION

This chapter describes the baseline characteristics of males and females who
participated in the ADIT study. This chapter also provides a cross-sectional analysis
of the association between FV intake, and two specific bone markers (CTX as a
marker of bone resorption and OC as a marker of bone formation) in a cohort of
healthy older individuals aged 65 years and over, taking into account potential
confounding factors.

Potential associations between nutrients, particularly those

associated with FV, and bone marker status were also investigated. In addition, the
association between bone markers and non-dietary and other biochemical factors,
including height, weight, smoking status, alcohol intake and P A, and isoprostane and
CRP concentrations were also examined.

4.5.1

Overview of Participants According to Gender

Participants in the study were all over 65 years of age and the majority of participants
were female. As expected, there were some significant differences observed between
males and females. Males tended to be older and were also heavier and taller than
females. A significant difference was also evident in relation to smoking status and
alcohol intake, with males showing greater tendency to be current smokers or exsmokers and to consume more units of alcohol per week than females.

Overall

though, most participants had never smoked and were non-consumers of alcohol.
The results also reveal that females on average tended to have mildly elevated total
cholesterol levels. In relation to energy and nutrient intakes, males, as expected, had
higher mean energy intakes than females.

However, absolute intakes of other

macronutrients did not appear to differ significantly between males and females.
Similarly, when standardized for energy, intakes of micronutrients did not differ
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significantly between males and females with the exception of folate and calcium
intakes which were significantly higher in females. Similarly, there were no gender
differences evident in relation to micronutrient status, with the exception of vitamin
C which was higher in females. In relation to bone marker status, the results were
surprisingly comparable between males and females, with no significant differences
evident. As a result of this finding, all subsequent analyses were based on the group
as a whole.

4.5.2

Association between Fruit and Vegetable Intake and Bone Markers

The bivariate correlation analysis revealed a strong correlation between FV intake
and levels of CTX. Likewise, the results from the regression analyses also showed
that intakes of FV were significantly associated with CTX, after adjusting for
potential physical and environmental confounding factors. These findings suggest
that higher intakes of FV may have a positive influence on the bone re sorption
marker CTX. It would also appear that FV intake is an independent predictor of
CTX. After adjusting for confounding factors, the results indicate that increasing FV
consumption by one portion results in a 23% decrease in levels of CTX.

The evidence of an effect of FV on bone markers from intervention studies (Lin et al.
2003; Macdonald et al. 2008; Nowson et al. 2009) comes from studies which
focused more on the acid content of the diet or on a broader dietary change, as
opposed to specifically the FV content.

The results from these studies are

inconsistent, with one study showing a positive effect of an alkaline-rich diet (which
included high FV consumption) on bone markers (Lin et al. 2003) and the other
studies showing no effect of an alkaline-rich diet on bone markers (Macdonald et al.
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2008 ; Nowson et al. 2009).

Results from cross-sectional studies are also

inconsistent, however most of these studies have examined associations with bone
mineral outcome measures rather than bone markers. Three previous cross-sectional
studies conducted in children and adolescents reported a positive association between
fruit and/or vegetable intake and bone health in girls (lones et al. 2001; Tylavsky et

al. 2004; McGartland et al. 2004) and boys (Vatanparast et al. 2005). In a crosssectional study of elderly men and women aged 69 - 83 years, it was found that men
with high FV consumption had greater hip BMD compared to men who consumed
less FV (Tucker et al. 2002). Similar findings were also reported in a recent crosssectional study which examined FV intake and bone mineral status in five age and
sex cohorts (Prynne et al. 2006).

This study reported significant positive

associations between BMC and fruit intake in older women and in adolescent boys
and girls but not in older men or young women, and, unlike other studies, they found
no significant association between bone measurements and vegetable intake (Prynne

et al. 2006). Another study in 62 healthy women, aged 45 - 55 years by New et al.
(2000) also reported that a high intake of fruit during childhood was associated with
increased femoral neck BMD.

4.5.3

Association between Nutrients Associated with Fruit and Vegetables and

Bone Markers

In addition to FV, the cross-sectional analyses of the current study revealed that
specific nutrients commonly found in FV were associated with CTX.

Of the

nutrients examined, serum levels of folate and intakes of dietary fibre both showed a
strong negative correlation with CTX. Similarly, the regression analysis showed that
as levels of folate and dietary fibre intakes increased, levels of CTX decreased
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significantly, even after individual adjustment for confounding factors. However, it
is important to note that significance disappeared when both nutrients were added
into the multiple regression model along with FV intake. Based on these findings, it
is likely that the association of folate and dietary fibre with CTX is simply being
driven by FV.

Unlike other studies (Freudenheim et al. 1986; New et al. 2000; Morton et al. 2001),
the current study failed to observe any significant correlation between vitamin C
(either serum levels or dietary intakes) and bone markers. Likewise, serum levels of
carotenoids and dietary intakes of carotene, magnesium and vitamin K were not
strongly correlated with bone markers.

The inverse association between dietary

intakes of potassium and the bone resorption marker CTX would lend support to the
idea that increased alkalinity may have a positive influence on bone. However, there
was no association between CTX and dietary acid production (as estimated by PRAL
and NEAP). Hence, these findings do not fully support the acid-base hypothesis on
bone (New et al. 2000). The complexity of this acid:base relationship will require
further elucidation before any conclusions can be made. Alternatively, it is possible
that the observed association between FV intake and bone is related to some other
mechanism rather than the alkaline properties of nutrients in FV.

The current results somewhat support those of New et al. (2000) who similarly noted
that low intakes of potassium were associated with increased bone resorption. This
cross-sectional study, as mentioned previously, also showed a significant association
between low intakes of magnesium, ~-carotene and increased bone resorption (New
et al. 2000).

In similar pattern to the current results they found no relationship
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between nutrient intake and OC, which they suggest QC may signify that there is a
more direct effect of nutrient concentrations on bone resorption markers than on
bone formation markers (New et al. 2000).

Other studies have in general, reported inconsistent findings between NEAP and
bone status. The UK-based EPIC study conducted in over 14,000 men and women
aged 42 - 82 years found a significant inverse association between increased PRAL
and heel BUA in women but not men. Their results however failed to show any
association between PRAL and history of or risk of fracture in either men or women
(Welch et al. 2007) . Conclusions from a cross-sectional analysis of the APOSS
study by New et al. (2004) suggest that low levels of estimated NEAP are
significantly associated with reduced bone resorption,

after adjusting for

confounding factors. Their results also revealed a strong correlation between low
NEAP and higher lumbar spine and femoral neck BMD and greater forearm bone
mass (New et al. 2004). However on closer analysis of their results, it can be seen
that while low levels of energy adjusted NEAP were significantly associated with
decreased levels of urinary DPD excretion (p<0.05), significance disappeared after
adjusting for age, height, weight and menstrual status (p<O.l). Although their results
also showed a similar trend between low NEAP and lower excretion of urinary PYD,
this association was not significant (r

=

0.24; p<0.09). As with the results of the

current study, New et al. (2004) similarly found no association between estimated
NEAP and serum QC concentrations. Results however from a follow-up analysis of
the same study showed that NEAP and PRAL were both significant independent
predictors of bone resorption (PYD and DPD both adjusted for creatinine).
However, no significant associations were evident between change in lumbar spine
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or femoral neck BMD and NEAP (Macdonald et al. 2005). It must be highlighted
that comparing the results of APQSS the study presented here is difficult, given that
their study was conducted in a cohort of pre- and peri-menopausal women.

In

addition, the studies by both New et al. (2004) and Welch et al. (2007) relied on FFQ
for dietary intake assessment.

It is possible that the type of FV consumed by the participants in the current study

may have influenced the results. The findings from chapter 3 clearly showed that
older adults in NI tend to consume specific types of fruits and vegetables for
example, apples, fruit juice, bananas, carrots and broccoli, more frequently than
others.

Another study of older adults also reported increased preferences for

particular types of FV (Johnson et al. 1998). This preference for specific types of FV
may result in a limited variety of FV and hence a limited variety of nutrients being
consumed. However, these interpretations are merely speculative. Further analyses
are required, in order to fully determine whether specific types of FV are more
beneficial than others. In addition, it is important to re-iterate that the participants in
the current study were selected to be low consumers of FV (i.e. <2 portions/day)
which will have resulted in reduced variety and range of intake, and may have
compromised our ability to detect associations with bone markers.

4.5.4

The Influence of Other Nutrients on Bone Markers

An interesting finding from the regression analysis is that levels of vitamin B12
showed consistent significant associations with CTX, and an association between
folate status and both CTX and QC. Based on this finding, it could be postulated that
folate and vitamin B1 2 are exerting a positive effect on bone by lowering the
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concentration of homocysteine. Folate and vitamin B12 are both considered to be
important nutritional determinants of homocysteine (de Bree et al. 2001; Nurk et al.

2004) and it is possible that this involvement in homocysteine metabolism partially
explains the associations between homocysteine and bone health. In relation to bone
status, previous studies have found that high levels of homocysteine can interfere
with the cross-links of collagen, thereby compromising bone strength and
mineralization (Krumdieck & Prince 2000).

In addition, it has previously been

shown that patients who have homocystinuria have lower concentrations of collagen
cross-links than normal controls (Lubec et al. 1996).

In the current study,

homocysteine levels were not assessed, but measurement of homocysteine levels in
this sample of older adults may therefore prove valuable.

Although there were

strong associations evident between serum levels of folate and vitamin B12 and CTX,
these associations were not reflected between dietary intakes of folate and vitamin
B12 and CTX. This may be owing to factors related to nutrient bioavailability,
absorption and metabolism.

Of the other nutrients commonly associated with bone health, calcium and vitamin D
receive the most attention. Calcium and vitamin D have been frequently cited as
having a positive effect on bone health (Dawson Hughes et al. 1990; Dawson
Hughes et al. 1997; Bischoff-Ferrari et al. 2005; Reid et al. 2006). However, unlike
other studies, the results from the current study failed to show any significant
association between calcium intake or vitamin D intake or status and bone markers.
If anything, results tended to show a positive relationship between calcium and QC
however significance was lost after adjusting for confounding factors (p

=

0.37) and
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no associations were evident with CTX. These results suggest that reported calcium
intakes were not predictors of bone marker status in this cohort.

The discrepancy between folate and vitamin BJ2 intake and status, and the failure to
observe an independent association between calcium and bone marker status also
raises the issue of accuracy of dietary assessment techniques.

This lack of

associations may simply reflect limitations with the dietary assessment method.
Although the seven day diet history was chosen as a more reliable means of
obtaining detailed information on habitual diet compared to a FFQ, it may not have
fully captured or accurately captured habitual intakes of certain nutrients or food
groups and therefore some potential associations between nutrient intake and bone
marker status may simply have been missed. It is important to recognize that all
dietary assessment techniques are prone to error, especially those in which dietary
intakes are self-reported. The validity and accuracy of dietary assessment techniques
are questionable due to potential participant under- or over-reporting, poor memory
recall and inability to give a precise estimate of portion sizes. It has previously been
found that the assessment of dietary factors in relation to bone health is fraught with
methodological and interpretative problems (Prentice, 1997). It is also possible that
the seven day intake obtained in the diet history was an insufficient length of time to
capture true nutrient intake. Alternatively, for calcium, another possibility is that the
effect of dietary calcium intake on bone markers is being camouflaged by a number
of factors affecting calcium balance. For example, in the current study, mean intakes
of protein were relatively high with values exceeding the RNI for both males and
females. It is possible that such high intakes may have caused an increase in urinary
calcium output and thus masked the effect of calcium on bone. It has previously
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been suggested that high protein levels can exacerbate bone loss by increasing
urinary calcium excretion (Heaney & Recker 1982). Alternatively, failure to find a
consistent association between calcium intake and bone markers may also be
attributed to high calcium intakes. In the current study, mean calcium intakes were
above current RNIs, in both males and females (DOH, 1991). Hence, it is possible
that calcium intakes were above a threshold level to exert any substantial effect on
bone. Lack of an association between vitamin D status and bone markers may also
relate to a threshold effect of 25(OH)D.

In the current study, mean levels of

25(OH)D were adequate. The results showed that 58% of participants had sufficient
levels of vitamin D (serum 25(OH)D >50 nmol/l) with only 2.6% of participants
showing vitamin D deficiency (serum 25(OH)D <25 nmol/l). It is again possible that
vitamin D levels were above a threshold to have any marked effect on bone.

Although many other studies showed different outcomes to those presented here,
many failed to fully account for other confounding variables in their analyses.
Comparing results also requires caution, as studies can differ considerably in terms
of design and methodology, study population and sample size. Furthermore, many
previous studies focused on measurement of BMD at a specific bone site rather than
assessing overall bone turnover through the measurement of bone markers.

From examination of other nutrients commonly cited as having a role to play in bone
metabolism, very few significant associations with bone markers were evident in the
current study, for either nutrient intake or status. Of the nutrients examined, only
dietary intakes of retinol appeared to be a positive predictor of CTX but not OC.
This finding is consistent with previous studies which suggested that retinol may
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have a detrimental effect on bone by increasing fracture risk (Feskanich et al. 2002;
Michaelsson et at. 2003) and reducing BMD (Melhus et al. 1998). In relation to
other nutrients, intakes of vitamin E, vitamin B 6, phosphorus, iron, zinc and selenium
tended to be weakly correlated with bone markers. Intakes of copper showed a
modest association with OC (p

=

0.05) however significance was reduced after

adjusting for confounding factors. Overall, the lack of association between nutrients
and bone markers may be due to covariance between nutrients. There may be a
highly complex inter-relationship between bone and nutrient intake and status which
requires further elucidation.

4.5.5

The Influence of Non-Dietary Related Factors on Bone Markers

Apart from dietary intake, other lifestyle factors have often been cited as being major
determinants of bone health.

In the current study, a wealth of information was

obtained on non-dietary factors which may influence bone metabolism.

This

included height, weight, total P A, smoking status, alcohol intake, previous fracture
history, use of medication and previous/current use of HRT. The number of years in
education since age five years was also used as a proxy indicator of socio-economic
status.

Anthropometric measurements, particularly weight, are often cited as factors which
contribute to increased bone mineral measurements (Lu et at. 1994; Heaney, 1996).
In the current study, body height and to a lesser extent weight, appeared to be
negatively correlated with OC but no significant correlation was evident with CTX.
In contrast to previous studies, the regression analysis showed no significant
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association between height or weight and bone marker status in the current cohort,
after adjusting for confounding factors.

Smoking has been reported to be an independent risk factor for osteoporosis
(Williams et al. 1982).

It has also been previously suggested that alcohol

consumption may suppress osteoblast activity (Laitinen & Valimaki 1991).
Furthermore, excess alcohol consumption has been associated with increased fracture
risk (Felson et al. 1995). Surprisingly, our results showed that bone marker levels
did not differ significantly in relation to smoking or alcohol status. However, it must
be recognized that in the current study, less than half of the participants were
smokers or consumed alcohol and therefore the data may not have been
discriminating enough to show any true association with bone markers.

As with smoking and alcohol status, other confounding factors which included
previous history of fracture or broken bone, current/previous use of HRT, vitamin or
supplement use, current use of medication and use of drugs for osteoporosis did not
significantly affect bone marker status. Likewise, no significant correlation was
evident between total P A and bone marker status.

The season in which blood

sampling was carried out also had no bearing on bone marker measurements.
Interestingly however, our results did show an inverse association between the
inflammatory marker CRP and both OC and CTX and no significant association
between isoprostanes and QC or CTX. This association with CRP is difficult to
interpret. Although previous evidence is lacking, the current findings conflict with
the few studies which have shown a positive association between CRP and bone
markers or fracture risk (Koh et al. 2005 ; Pasco et al. 2006).
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4.5.6

Strengths of the Study

A novel aspect of the current study was that in addition to examining FV intake, total

energy intake, nutrient intake and micronutrient status were also assessed.

All

dietary assessments and blood sampling were performed on the same day.

In

addition, all blood sampling was carried out in the morning after an overnight fast,
thus minimizing potential circadian variation in bone markers (Wichers et al. 1999;
Qvist et al. 2002). The study used a relatively robust and validated method (van
Staveren et al. 1985) for assessing habitual dietary intake, the seven day diet history.
In addition, all nutrient analyses were standardized for energy intake.

This was

considered important as males and females have different P A levels and hence
different energy requirements. A further advantage of the current study was that
information was obtained from participants on a wide range of lifestyle factors that
are known to impact on bone health. This additional data consequently enabled any
associations to be adjusted for potential confounding effects of these factors.

4.5.7

Limitations of the Study

Undoubtedly, the most notable limitation of the results presented in the current
chapter is that all analyses were cross-sectional. Thus, at best, the results presented
are only useful for generating hypotheses. Another key limitation relates to the fact
that the participants had low intakes of FV (baseline FV intake was

S;

2 portions/day)

and therefore the range of intakes and types of FV consumed will have been quite
narrow.

It is therefore difficult to generalize the findings to other populations.

Furthermore, it is possible that such a limited FV intake may account for the lack of
strong correlations demonstrated. The current study had a relatively small sample
size which also limits statistical power to detect significant findings. It is highly
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probable that the small sample SIze may have attenuated the strength of the
associations observed and may also explain the lack of consistency in associations
between nutrient intake and bone markers. It is also important to note that while
some significant associations were evident, a lot of the variation in bone markers
remains unexplained. Despite the rigorous dietary assessment method used in the
current study, it is important to recognise that under- or over-reporting of dietary
intakes may have occurred. In the current study, energy intakes were considerably
lower than the DRV for both males and females of this age group. This would
suggest possible under-reporting of overall nutrient intake.

However, another

possible explanation for lower energy intakes, which cannot be ruled out, relates to
the fact that many older adults have decreased appetite and therefore may not have
consumed large quantities of food.

4.6

CONCLUSIONS

Overall, this chapter has provided an in-depth overview of baseline characteristics of
the participants in the AD IT study. Although the findings are purely cross-sectional,
the results clearly suggest that FV intake is independently associated with the bone
resorption marker CTX, hence suggesting that FV may exert a protective effect on
bone. However, the mechanism for this effect is still unclear. In relation to nutrient
intake, there is undoubtedly a need to gain a better understanding of the nutrients
affecting bone.

In addition, the possible covariance that exists between nutrients

requires further elucidation. More specifically, the relationship between folate and
vitamin Bl2 and bone health merits further investigation.
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5.1

INTRODUCTION

Numerous cross-sectional studies have reported positive associations between
increased FV consumption and bone health (New et at. 2000; Macdonald et at. 2004;
Macdonald et at. 2005). Despite these observational studies, few dietary intervention
trials investigating the impact of increased FV intake on bone marker status have
been conducted.

Of the intervention studies undertaken to date, the results have

generally been inconsistent with one demonstrating beneficial effects of FV on bone
health (Lin et at. 2003) and others showing no effect (Macdonald et at. 2008;
McTieman et at. 2009; Nowson et at. 2009).

The DASH intervention trial,

conducted in the US, was one of the first intervention trials to observe that increasing
FV intake from approximately three servings to nine servings over an eight week
period resulted in a decrease in calcium loss and lowered biochemical markers of
bone turnover (Appel et at. 1997; Lin et at. 2003).

However three more recent

intervention studies by Macdonald et at. (2008), McTieman et at. (2009) and
Nowson et at. (2009) all failed to show any significant effect of increased FV
consumption on bone health or fracture risk. In 276 postmenopausal women, aged
55 - 65 years, Macdonald et at. (2008) found that consuming an additional 300 g of
FV /day over a two year period had no effect on the urinary bone marker free DPD/Cr
or the serum bone markers PINP or CTX. They also found no effect of potassium
citrate supplementation on bone metabolism over the same period. The WHI Dietary
Modification Trial in 48,835 postmenopausal women aged 50 - 79 years also showed
no effect of a low-fat, increased FV (~5 servings/day) and grain diet on change in
vertebral or total body BMD or fracture risk over a period of approximately eight
years but did show a modest reduction in fall risk and hip BMD (McTieman et al.
2009). Similarly, a recent randomised, 14 week intervention study in III women
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aged 45 - 75 years showed no effect of a low-sodium base-producing diet (similar to
the DASH diet) compared to a high carbohydrate, low fat diet (high acid content) on
bone turnover (Nowson et al. 2009). Therefore the results of the FV intervention
studies on bone health have been inconsistent.

The aim of this chapter was to examine the effect of an increased FV intervention
(~5

portions/day), compared with a low FV diet (:S 2 portions/day), on serum

concentrations of two different bone markers (the bone formation marker QC and the
bone resorption marker CTX) in a group of older men and women, aged 65 years and
over.

5.2

MATERIALS AND METHODS

Refer to chapter 2 for details of study design, data collection, dietary assessment and
laboratory methods.

5.3

STATISTICAL METHODS

Statistical analyses were performed with SPSS v17.0 for Windows (SPSS Inc,
Chicago, IL).

Descriptive statistics were obtained for all variables.

Continuous

variables were checked for normality and if necessary logarithmically transformed.
Data is summarised as mean and standard deviation (SD) except where data is
skewed in which case geometric mean and IQ range is quoted. Chi-square tests were
used to compare categorical data which included smoking status, alcohol status,
current use of medication, currently on drug treatment for osteoporosis, previous
fractures or broken bones and previous use of HRT by FV group allocation. Dietary
intakes were expressed per 1000 kcal energy to account for differences in reported
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energy intakes.

Independent sample t-tests were carried out to analyse baseline

differences between the two FV groups (2 portions versus 5 portions) and to examine
differences in mean change (i.e. post-intervention minus baseline for a given
variable) between groups. The associations between FV intake and nutrient status
and nutrient intake were tested using Pearson correlation coefficients.

5.4

RESULTS

5.4.1

Summary of Participant Recruitment

The number of participants at each stage of this randomised intervention study is
summarised in Figure 2. At recruitment, each participant provided written consent
and was assigned a unique study code.

The latter corresponded to FV group

allocation. A total of 83 eligible individuals agreed to participate and commenced
the study. Only one participant failed to complete the study due to ongoing health
problems, therefore 82 participants completed the study.

The primary endpoint of this intervention study was to examme between group
differences in mean change in clinically relevant measures of immune function. Two
participants who had serum CRP values >20 mg/l at at least one timepoint during the
study were excluded from all analyses, in line with routine clinical practice (David
Edgar, personal communication). This chapter focuses on one of the secondary
endpoints which was to examine the between group differences in mean change in
the bone markers OC and CTX.

176

Chapter 5
Of the remaining 81 participants on whom data is presented (of whom 80 completed
the study), there was one missing blood sample at week 0, three missing blood
samples at week 6, and no missing blood samples at weeks 12 and 16.
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112 participants approached
22 not eligible
2 not interested in participation
4 reason for non-participation not given

83 participants gave consent and completed
baseline assessment

1

Randomisation

1

2 portions / day

5 portions / day

41 participants

42 participants

1

16 week intervention

1

2 portions / day

5 portions / day

40 participants
completed the
intervention

42 participants
completed the
intervention

1 participant withdrew
because of ongoing
health problems

Figure 5.1: Flow chart showing recruitment, randomisation and progresslOn of
participants through the intervention study.
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5.4.2

Baseline Physical Characteristics

Pre-intervention characteristics of participants according to allocated FV group are
summarised in Table 5.1.

Any significant imbalances between the groups at

baseline are indicated within Table 5.1 and further statistical analysis was carried out
using change in each variable of interest to minimise the effect of any imbalances on
the comparison between intervention groups.

There was a significantly higher proportion of men randomised to the 5 portions/day
group Cn = 21) than the 2 portions/day group Cn = 7), and therefore participants in the
5 portions/day group were significantly taller and heavier than those in the 2
portions/day group, although mean BMI was similar in both groups. Significantly
more women in the 2 portions/day group Cn

=

17) had previously used HRT

compared to those in the 5 portions/day group Cn

=

7).

There were no other

significant differences evident between the two FV groups (p>O.05) at baseline with
respect to BMI, blood pressure, smoking status, alcohol status, current use of
medication and current use of drug treatment for osteoporosis.
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Table 5.1: Baseline characteristics of participants according to FV allocation.

2/day
(n = 40)

5/day
(n = 41)

Age (years)

71.1 (5.0)

70.9 (5.0)

Men (%)1

17.5

51.2**

Height (m)2

1.6 (7.4)

1.7 (7.4)***

Weight (kg)2

71.2 (12.4)

78.9 (13.9)*

2
BMI (kglm )

28.1 (4.5)

28.5 (4.0)

Systolic blood pressure (mmHg)

150.5 (24.4)

152.9 (20.9)

Diastolic blood pressure (mmHg)

84.l (10.9)

87.0 (10.9)

Current smokers (%)

7.5

2.4

Former smokers (%)

35.0

43.9

Alcohol consumers (%)

40.0

43.9

Currently using medication (%)

92.5

92.7

Currently on drug treatment for
osteoporosis (%)

10.0

2.4

Previous fracture or broken bone (%)

35.0

39.0

Previous use ofHRT (%)1

42.5

17.1 **

Age at menopause (n = 54) (approx. yrs)

47.1 (5.9)

47.0 (5.5)

Years since menopause (n = 54)

23.8 (8.3)

21.7 (6.3)

Continuous variables are summarised as mean (SD).
Categorical variables are summarised as %.
*p<O.05 **p<O.Ol ***p<O.OOl
iSignificant difference between groups (2 portions/day and 5 portions/day) using Chi-square test.
2Significant difference between groups (2 portions/day and 5 portions/day) using independent samples
t-test.
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5.4.3

Baseline Fruit and Vegetable Intake and Nutrient Status

Table 5.2 describes the habitual FV intake and micronutrient status of participants at
baseline according to allocated FV group. Both groups reported similar daily intake
of FV. The usual FV intake of the participants at baseline was 1.4 portions (SD 0.6)
per day. With respect to micronutrient status, there were no significant differences
between the two groups at baseline, with the exception of zeaxanthin and lycopene
concentrations which were significantly higher in the 2 portions/day group compared
to the 5 portions/day group (p<0.01 and p<0.05 respectively). There were no other
significant differences in micronutrient status at baseline between the two groups.

Table 5.2: Dietary intake ofFV and micronutrient status at baseline according to FV
allocation.
2/day
(n max = 40)

5/day
(n max = 41)

FV intake (portions/day)1

1.4 (0.7)

1.4 (0.5)

Vitamin C (/lmolll)

43 .0 (38.2,60.8)

42.6 (35 .6,57.9)

Total carotenoids (/lmolll)2

l.25 (0.81 ,1.83)

l.03 (0.61, l.65)

Lutein (/lmolll)

0.16 (0.12,0.22)

0.14 (0.11,0.20)

Zeaxanthin (/lmolll)

0.04 (0.03,0.05)

0.02 (0.02,0.04)**

p-cryptoxanthin (/lmolll)

0.06 (0.04,0.10)

0.06 (0.04,0.09)

a-carotene (/lmol/l)

0.11 (0.07,0.17)

0.09 (0.05 ,0.18)

p-carotene (/lmolll)

0.26 (0.18,0.41)

0.25 (0.15 ,0.50)

Lycopene (/lmolll)

0.50 (0.28,1.00)

0.32 (0.17,0.76)*

Retinol (/lmolll)

2.25 (1 .89,2.69)

2.03 (1.80,2.33)

Folate (nmolll)

20.6 (16.6,30.7)

23.1 (15.4,32.1)

Vitamin Bl2 (pmolll)

319.9 (242.9,385.9)

266.7 (210.4,350.9)

25(OH)D (nmolll)

50.7 (37 .0,71.7)

57.6 (45.2,73 .5)

All variables are logarithmically transformed and summarised as geometric mean (IQ range) with the exception
of I which is normally distributed and presented as mean (S D) 2 Total carotenoids = sum of a -carotene + pcarotene + P-cryptoxanth in + lutein + zeaxanthin + lyco pene. *p<O.05 **p<O.OI for significant difference
between groups (2 portions/day and 5 portions/day) using independent samples H est.
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5.4.4

Baseline Nutrient Intake and Estimated NEAP

Tables 5.3 and 5.4 describes the mean daily intake of selected nutrients (macro- and
micro-nutrients) of participants at baseline according to allocated FV group as
assessed by seven day diet history.

With respect to energy and macronutrient intake, both groups reported similar mean
daily intakes of total energy, protein, SF A, PUF A, cholesterol, starch and fibre at
baseline. Mean daily intakes of total fat and MUF A were significantly higher in the
5 portions/day group compared to the 2 portions/day group (both p<O.05).

In

contrast, participants allocated to the 2 portions/day group had significantly higher
mean daily intakes of carbohydrate and total sugars at baseline compared to those in
the 5 portions/day group (p<O.OI). No significant differences in micronutrient status
were apparent between the two groups at baseline.

PRAL and NEAP were also estimated for both groups. The mean baseline values for
both estimated PRAL and NEAP in each group are presented in Table 5.5.

At

baseline, those in the 5 portions/day group had significantly higher levels of NEAP
than those in the 2 portions/day group.
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Table 5.3: Dietary intake of macro nutrients at baseline according to FV allocation.

2/day
(n max = 40)

5/day
(n max = 41)

Energy (kcal/d)

1471.23 (320.79)

1606.34 (321.81)

Protein (g/d)

43 .24 (7.64)

44.42 (7.89)

Total fat (g/d)

39.82 (5.09)

42.38 (5.30)*

SFA (g/d)

16.0 (4.28)

16.0 (3.72)

PUFA (g/d)

6.52 (2.27)

7.06 (2.39)

MUFA (g/d)

12.62 (1.80)

13.55 (1.94)*

Cholesterol (mg/d)l

136.63 (108 .28,181.93)

135.19 (114.34,131.32)

Carbohydrate (g/d)

119.64 (13.4)

110.88 (12.52)**

Starch (g/d)

69.09 (12.11)

67.98 (9.74)

Total sugars (g/d)

49.28 (13.15)

41.81 (11.07)**

Dietary fibre (g/d)

6.89 (2 .01)

7.58(2.10)

Values are summarised as mean (SO) except for 1 where variable is logarithmically transformed
and summarised as geometric mean (IQ range) . Nutrient intake variables presented per 1000 kcal
energy. *p<0.05 **p<O.O1 for significant difference between groups (2 portions/day and 5
portions/day) using independent samples t-test.
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Table 5.4: Dietary intake of micronutrients at baseline according to FV allocation.

2/day
(n max = 40)

5/day
(n max = 41)

Vitamin C (mg/d)

36.73 (17.37)

40.00 (23.37)

Retinol ()lg/d)l

242.8 (169.5,298.1)

246.3 (166.9,312.4)

Carotene ()lg/d)l

1265.0 (690.1,1996.2)

1232.9 (744.6,2363.7)

Vitamin E ()lg/d)l

3.30 (2.26,5.73)

3.93 (2.70,6.10)

Vitamin D ()lg/d)l

1.27 (0.71,2.39)

1.48 (0.99,2.42)

Vitamin K ()lg/d)!

4.57 (2.14,8.70)

3.44 (1.63,6.80)

Vitamin B6 (mg/d)

1.15(0.35)

1.08 (0.28)

Vitamin B12 ()lg/d)!

3.17 (2.36,3.96)

3.08 (2.43,3.67)

Folate (mg/d)

146.03 (34.94)

139.70 (34.89)

Calcium (mg/d)

508.93 (132.85)

479.33 (100.29)

Magnesium (mg/d)

142.85 (30.83)

148.44 (25.21)

Phosphorus (mg/d)

719.52 (159.94)

715.50 (101.78)

Potassium (mg/d)

1628.0 (364.4)

1576.95 (217.53)

Iron (mg/d)

6.59 (2.13)

6.54 (1.73)

Copper (mg/d)!

0.55 (0.45,0.60)

0.59 (0.49,0.67)

Zinc (mg/d)!

4.94 (4.24,5.67)

5.10 (4.37,5.62)

Selenium ()lg/d)

23.60 (11.87)

25.01 (9.07)

Values are summarised as mean (SD) except for 1 where variables are logarithmically transformed
and summarised as geometric mean (IQ range). Nutrient intake variables presented per 1000 kcal
energy.
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Table 5.5: Estimated PRAL and NEAP at baseline according to FV allocation.

2/day
(n max = 40)

5/day

PRAL (mEq/d) I

4.84 (7.71)

7.79 (6.73)

NEAP (mEq/d) I

45.9 (8.59)

52.0 (7.13)**

(n max = 41)

Values are mean (SO)
I Estimated according to algorithm by Remer et al. (2003)
**p<O.O1 for significant difference between groups (2 portions/day and 5 portions/day)
using independent samples t-test.

5.4.5

Baseline Concentrations of Bone Markers, Lipids and Biochemical

Markers of Inflammation and Oxidative Stress
Tables 5.6 and 5.7 describe the concentrations of bone markers, lipids and
biochemical markers of inflammation and oxidative stress of participants at baseline,
according to allocated FV group.

With respect to bone marker concentrations at baseline, those in the 2 portions/day
group had significantly higher levels of OC than those in the 5 portions/day group

(p<O.05). Concentrations of lipids, CRP and 8-iso Prostaglandin-F2u did not differ
by intervention group.
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Table 5.6: Serum concentrations of biochemical bone markers at baseline according
to FV allocation
2/day
(n max = 39)

5/day
(n max = 40)

QC (ng/ml)

22.40 (17.2,28.0)

16.56 (10.6,25.2)*

CTX (ng/ml)

0.46 (0.34, 0.61)

0.46 (0.35, 0.60)

Variables are logarithmically transformed and summarised as geometric mean (IQ range).
*p<O .05 for significant difference between groups (2 portions/d and 5 portions/d) using independent
samples Hest.

Table 5.7: Lipids and biochemical markers of inflammation and oxidative stress at
baseline according to FV allocation
2/day
(n max = 40)

5/day
(n max = 41)

Total cholesterol (mmolll)

5.37 (1.06)

5.14 (1.24)

HDL (mmolll)

1.52 (0.39)

1.44 (0.42)

Triglycerides (mmolll)l

1.41 (0.99,2.11)

1.25 (0.83,1.92)

CRP (mg/l)l

2.44 (1.25,4.38)

1.74 (0.96,2.70)

8-iso Prostaglandin F2a
(nmol/mmol creatinine) 1

1.82 (1.34,2.15)

1.58 (1.15,2.01)

1 Variables are logarithmically transformed and summarised as geometric mean

5.4.6

(IQ range).

Intervention Associated Changes in Biochemical Bone Markers

The changes in biochemical bone markers from week 0 (baseline) to week 16,
according to FV intervention group are shown in Table 5.8.

Between group

comparisons revealed no significant differences between the two intervention groups
with regard to change in bone marker status (QC and CTX) over the course of the
intervention.
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At week 12, bone marker status was only analysed in a subset of participants (n

=

10). As referred to in Chapter 2 (Methods), the current study was carried out as part
of another pilot study which was designed to compare the effect of the FV
intervention on measures of immune function.

To assess immune response, all

participants were administered a tetanus and pneumovax vaccine at week 12. As a
result of this, bone marker measurements were also assessed in a subset of
participants (n = 10) at week 12, prior to receiving the vaccine, in order to assess
whether or not the vaccine had any effect on bone marker status. Failure to show any
difference in bone marker status between the two intervention groups at both week
12 and week 16 suggests that the vaccine did not confound the bone marker results.

With regard to both bone markers, a bivariate correlation analysis revealed no
significant relationship between change in reported FV consumption and change in
either serum OC or CTX over the 16 weeks in the entire sample (Table 5.9).

The same analysis was also performed to examine associations between change in
bone markers and change in nutrient intake and estimated NEAP at week 16. Results
again showed no significant correlation between change in bone marker status and
change in estimated NEAP for the entire sample (Table 5.10).
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Table 5.8: Bone marker status at baseline, week 12 and week 16 according to FV allocation

2/day
{nmax= 39}
Week
16

Week
0

Week
121

OC
(nglm l)

22.40
(17.2, 28.0)

21.12
(13 .2, 37.3)

CTX
(nglml)

0.46
(0.34, 0.61)

0.56
(0.47,0.76)

Week 0

Week
121

5/day
{n max = 40}
Week
16

0/0

0/0

wk 0-12

wk 0-16

0/0

0/0

wk 0-12

wk 0-16

21.07
(14.8,28.3)

90
(79, 103)

95
(89, 102)

16.56*
(10.6, 25.2)

18.19
(12.8, 21.8)

17.04
(11.1,23.9)

97
(55,171)

\04
(91, 118)

0.49
(0.39, 0.66)

86
(69, 107)

107
(95 , 119)

0.46
(0.35 , 0.60)

0.53
(0.40, 0.73)

0.45
(0.33, 0.66)

106
(73, 154)

98
(90, 106)

Data wcre skewcd and therefore variables arc summarised as geometric mean (IQ range)) and change as geometric mean (equivalent to percentage of baseline) (95% Cl). Changes were
compared betwecn groups using independent samples t-tests. * p<0.05 for significant difference between 2 portions/day and 5 portions/day (independent samples t-test). I Analysis of bone
markers at week 12 werc performed in a subset of participants (n = 10)
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Table 5.9: Association between change in FV intake at 16 weeks and change in bone
markers at 16 weeks.
Pearson Correlation
Coefficient

p value

QC (ng/ml)

0.02

0.85

CTX (ng/ml)

-0.05

0.68

Changes were compared using Pearson correlation coefficients.
n = 79 for comparisons

Table 5.10: Association between change in NEAP
markers at 16 weeks.

1

at 16 weeks and change in bone

Pearson Correlation
Coefficient

p value

QC (ng/ml)

-0.08

0.46

CTX (ng/ml)

-0.05

0.65

Changes were compared using Pearson correlation coefficients.
I Estimated according to algorithm by Remer et al. (2003)
n = 79 for comparisons

5.4.7

Changes in Fruit and Vegetable Consumption During the Intervention

Figure 5.1 shows the mean number of portions of FV consumed at each timepoint

according to FV allocation. The change in the number of portions of FV consumed
per day is reported in Table 5.11.

The change in daily FV consumption was

significantly different (p<O.OOl) between the two groups at all timepoints with those
in the 5 portions/day group consistently showing a larger increase in FV intake
compared to those in the 2 portions/day group.
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Figure 5.1: Self-reported FV intake (mean ± SD) during the dietary intervention,

according to allocated group.
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TabJe S.l1: FV intake (number of portions) at baseline and week 6, 12 and 16 according to FV allocation.

Baseline

Week 6

Week 12

Week 16

% change
week 6

% change
week 12

% change
week 16

2/day
(n max = 40)

1.4 (0.7)

1.7 (0.5)

1.7 (0.5)

1.8 (0.6)

0.34 (0.09,0.57)

0.27 (0.08,0.46)

0.40 (0.15,0.66)

5/day
(n max = 4 I)

1.4 (0.5)

6.0 (1.3)

5.6 (1.2)

6.0 (1.3)

4.58 (4.16,4.99)***

4.20 (3.76,4.64)***

4.55 (4.12,4.97)***

Change calculated as week 6-week 0, week 12- week 0 and week 16- week O. All values are mean (SO) . The changes in each variable are expressed as mean change (95%
Cl). * * *p<O.OO 1 for significant difference between groups (2 portions/day and 5 portions/day) using independent samples t-test.
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5.4.8

Changes

ID

Circulating Micronutrient Concentrations During the

Intervention

The week 0 (baseline), 6, 12 and 16 micronutrient concentrations (absolute and
percentage of baseline) for the two intervention groups are shown in Table 5.12.
The change in vitamin C (at all timepoints), total carotenoids (at week 16), lutein (at
week 16), zeaxanthin (at all timepoints), p-cryptoxanthin (at all timepoints),
lycopene (at all timepoints), folate (at week 6) and 25(OH)D (at week 12) differed
significantly between the two intervention groups, being higher in the 5 portions/day
group than in the 2 portions/day group. The change in vitamin

B12

at week 6 was

also significantly different between the two intervention groups, however this change
was higher in the 2 portions/day group compared to the 5 portions/day group.

5.4.9

Changes in Nutrient Intake During the Intervention

Table 5.13 presents the total energy intake and macronutrient intake (absolute and

change from baseline) of the two intervention groups at week 0 (baseline), 6, 12 and
16. Between group comparisons of mean change in macronutrient intake revealed
significant differences between the two intervention groups. At all timepoints, there
were greater increases in intakes of total energy, carbohydrate, total sugars and
dietary fibre in the 5 portions/day group compared to the 2 portions/day group. In
contrast, intakes of total fat, MUF A and starch showed a greater decrease in the 5
portions/day group compared to the 2 portions/day group. The change in protein
intake at week 12 was also significantly different between the two interventions
groups, with those in the 5 portions/day group showing a larger change than those in
the 2 portions/day group. With regard to intakes of SF A, significant differences were
evident between the two intervention groups at week 6 and 16, with those in the 5
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portions/day group showing a significantly larger change compared to those in the 2
portions/day group. In contrast, changes in intakes of cholesterol at week 16 were
significantly greater in the 2 portions/day group compared to the 5 portions/day
group. The change in dietary intakes of PUF A did not differ significantly between
the two groups at any timepoint.

The week 0 (baseline), 6, 12 and 16 micronutrient intakes and change in
micronutrient intake at each timepoint (expressed as absolute change or percentage
of baseline) for the two intervention groups are shown in Table 5.14.

As with

macro nutrient intake, between group comparisons of mean change in micronutrient
intake also revealed marked differences between the two intervention groups. The
change in dietary intakes of vitamin C (at all time points), carotene (at all time
points), vitamin B6 (at week 6 and 16) and folate (at week 6 and 16) was significantly
different between the two intervention groups, with those in the 5 portions/day group
showing a larger change compared to those in the 2 portions/day group.

Again,

consistent with the increased FV consumption, the magnitude of change in dietary
intakes of potassium (at all time points), calcium (at week 12), phosphorus (at week
12) and magnesium (week 16) was significantly higher in the 5 portions/day group
compared to the 2 portions/day group. In contrast, the change in intakes of zinc (at
week 12) and iron (at week 16) was significantly higher in the 2 portions/day group
compared to the 5 portions/day group.
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Table S.12: Micronutrient status at baseline and during intervention according to FV allocation.
2/day

(nmax = 39)

WeekO

Week 6

S/day

Week 12

Week 16

%
baseline6weeks

%
baseline12 weeks

0/0

(n mu = 40)

WeekO

Week 6

Week 12

Week 16

baseline16 weeks

0/0

0/0

baseline- baseline6 weeks
12 weeks

0/0

baseline16 weeks

Vitamin C
(Ilmolll)

43 .0
(38 .2,60.8)

40.4
(34 .7,61.0)

40.2
(34.4,64.2)

39. 1
(36.2,61.5)

102
(93,112)

100
(92,109)

100
(88,112)

42.6
(35.6,57.9)

60.6**
(52.2,71.3)

52.1
(39.9,70.4)

58.0**
(50.3 ,72.9)

142***
(127,IS9)

126***
(113,140)

139***
(123,IS6)

Total
carotenoids
(Ilmolllf

1.25
(081 ,1.83)

1.22
(0.86,1.67)

1.21
(0.98,1.62)

1.21
(0.79,1.71 )

99
(85,115)

102
(91,113)

96
(84,112)

1.03
(0.61 ,1.65)

1.24
(0.92, 1.74)

1.22
(0.90, 1.71)

1.27
(0.93,1.78)

123
(104,144)

120
(103,139)

124*
(106,144)

Lutein
(Ilmol/l)

0.16
(0 12,0.22)

0.16
(0.13 ,0.23)

0.16
(0.13 ,023)

0.15
(0 12,0.21)

10S
(96,116)

107
(97,119)

100
(89,112)

0.14
(0 .11 ,0.20)

0.17
(0.14,0.22)

0.17
(0.13 ,0.23)

0.17
(0 .14,0.24)

118
(107,131)

117
(106,130)

119*
(10S,134)

Zeaxanthin
(Ilmolll)

0.04
(003 ,0.05)

0.03
(0.03 ,0.05)

0.03
(0 .03,0.04)

0.03
(0.03,0.05)

94
(80,111)

100
(89,113)

94
(79,112)

0.02**
(0.02,0.04)

0.03
(002,005)

0.03
(0.02,0.05)

0.03
(0.03,0.05)

141***
(121,16S)

138***
(119,161)

143***
(123,16S)

~-

0.06
(004,0.10)

0.06
(0.04,0.10)

0.05
(0.03,0.09)

0.06
(0.04,0.09)

99
(8S,116)

98
(78,123)

103
(8S,I2S)

0.06
(0.04,0.09)

0.08*
(0.07,0.13)

0.07
(0.05,0.12)

0.08
(0.06,0.14)

IS0***
(129,175)

13S*
(114,160)

IS2**
(126,183)

a-carotene
(Ilmol/l)

0.11
(0.07,0.17)

0.12
(0 .08,0.19)

0.12
(0.08,0.18)

0.12
(0.07,0.18)

115
(94,141)

116
(98,138)

108
(87,13S)

0.09
(005 ,0.18)

0.12
(0.09,022)

0.12
(0.06,0.22)

0.13
(0.07,0.29)

137
(109,173)

131
(104,165)

140
(103,190)

~-carotene

0.26
(0.18,0.41 )

0.28
(0.18,0.47)

0.28
(0.18,0.44)

0.31
(0.21 ,0.47)

112
(96,129)

113
(101,126)

120
(102,141)

0.25
(0.15 ,0.50)

0.29
(0.21 ,0.48)

0.30
(0.19,0.48)

0.30
(0.17,0.51 )

118
(96,145)

118
(94,149)

122
(93,160)

0.50
(0.28,1 .00)

0.46
(0.28,0.76)

0.45
(0 .27,0.77)

0.43
(0 .22,0.78)

90
(71,115)

96
(79,116)

84
(65,109)

0.32*
(0.17,0.76)

0.43
(0.24,0.81 )

0.45
(0.28,0.72)

0.44
(0.29,0.76)

139*
(99,196)

141*
(103,192)

132*
(97,180)

cryptoxanthin
(Ilmol/l)

(Ilmol/I)
Lycopene
(Ilmol/l)

All variables are logarithmically transformed and summarised as geometric mean (IQ range» and change as geometric mean (equivalent to percentage of baseline) (95% Cl). Changes were compared between groups
using independent samples t-tests. *p<0.05; **p<O.OI ; ***p<O.OO I for comparison of change in micronutrient at timepoint between 2 portions/day and 5 portions/day. At week 12, vitamin D status was measured in a
subset of participants (n = 10). nm = not measured. ITotal carotenoids = sum of a-carotene + ~-carotene + ~-cryptoxanthin + lutein + zeaxanth in + Iycopene .
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TabJe S.12 contd: Micronutrient status at baseline and during intervention according to FV allocation.

2/day (nmu = 39)
Week 0

5/day (n m&> = 40)
Week6

Week 12

Week 16

%

%

%

baseline6weeks

baseline12 weeks

baseline16 weeks

WeekO

Week6

Week 12

Week 16

0/0

%

0/0

baseline- baseline12 weeks
6 weeks

baseline16 weeks

Retinol
(fimolll)

2.25
(1.89,2.69)

2.29
(1.91 ,2.83)

2.29
(1.97,2.71 )

2.31
(2.12,2.85)

103
(95,111)

100
(94,107)

104
(94,115)

2.03
(1.80,2.33)

2.08
(1.91 ,2.34)

2.09
(1.79,2.53)

2.04
(1.77,2.52)

103
(98,108)

104
(98,110)

101
(95,108)

Folate
(nmolll)

20.3
(16.4,303)

19.7
(14.4,31.1)

20.0
(13 .3,29.5)

20.2
(15.2,29 .5)

98
(88,109)

99
(89,110)

100
(89,112)

22.8
(15 .2,3 1. 7)

25 .7*
(18.9,30.8)

24.7
(19.0,31.5)

24.1
(17.9,30.6)

115*
(104,127)

108
(98,120)

105
(95,117)

Vitamin Bn
(pmolll)

319.9
(242.9,385 .9)

306.6
(22 1.9,402.0)

310.0
(222.2,392.8)

310.5
(2 14.2,424.9)

95
(90,101)

96
(89,103)

96
(89,103)

266 .7
(210.4,350.9)

251.5
(190.2,336 .9)

254.0
( 191 .5,328.4)

103*
(98,107)

96
(92,100)

96
(91,101)

25(01l)D
(nmolll)

50.7
(37.0,71.7)

nm

30.6
(19.4,45.0)

46.7
(31.4,66.6)

nm

86
(80,93)

93
(85,102)

57.6
(45.2,73.5)

76.1 *
(47.5 ,120.0)

55.5
(394,79.9)

nm

114*
(83,158)

98
(86,110)

266.1
(197.0,331.6)
nm

All variables are logarithmically transformed and summarised as geometric mean (IQ range) and change as geometric mean (equivalent to percentage of baseline) (95% Cl). Changes were compared between groups
using independent samples t-tests. *p<0.05; **p<O.OI; ***p<O.OO I for comparison of change in micronutrient at timepoint between 2 portions/day and 5 portions/day. At week 12, vitamin 0 status was measured in a
subset of participants (n = 10). nm = not measured .
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Table 5.13:

Total energy intakes and dietary intake of macro nutrients at week 0,6, 12 and 16, according to FV allocation
S/day (nmu = 41)

21day (nmu = 40)
Week 0

Week 6

Week 12

Week
16

Change
6 weeks

Change
12 weeks

Change
16 weeks

WeekO

Week6

Week 12

Week 16

Change
6 weeks

Change
12 weeks

Change
16 weeks

E nergy
(kcal/d)

1471.23
(320.79)

1364 .15
(3 19.36)

1459.23
(401.86)

1488.46
(383 .84)

-102.67
(-184.0,-21.4)

-7.58
(-111.4, 96.2)

21.64
(-81.4,124.7)

1606.3 4
(32 1.81)

1772.05***
(567.48)

1856.93 ***
(369.34)

1826.12***
(414.4 7)

165.71**
(24.9,306.5)

250.58***
(153.4,347.8)

219.78**
(125.2,314.3)

Protein
(g/d)

43 .24
(764)

43 .85
(7.37)

44.69
(8.10)

4 1. 62
(7. 58)

0.56
(-2.07,3.18)

1.40
(-1.47,4.27)

-1.68
(-3.67,0.31 )

44.42
(7.89)

42.71
(7.44)

40.31**
(5. 55)

40.90
(6 .55)

-1.71
(-3.74,0.32)

-4.11 **
(-6.52,-1.69)

-3.52
(-4.96,-2.09)

Total fat
(gld)

39.82
(5 .09)

40.24
(6.46)

38 .77
(7 .00)

41.51
(6.55)

0.42
(-1.56,2.39)

-1.05
(-2.81,0.71)

1.69
(-0.49,3.86)

42.38*
(5.30)

36. 02**
(5.56)

37.64
(4 .28)

36.26***
(4.61)

-6.36***
(-8.23,-4.49)

-4.74**
(-6.20,-3.28)

-6.12***
(-7.43,-4.80)

SFA

16.0
(4.28)

15.73
(4 .8 1)

15.42
(4 .29)

16.07
(4.83)

-0.29
(-1.52,0.94)

-0.60
(- I. 72,0.52)

0.05
(-1.44,1.54)

16.0
(3. 72)

13.34*
(3 .20)

14.05
(2.98)

13.23**
(2 .86)

-2.71 **
(-3.72,-1.7)

-2.0
(-3.05,-0.94)

-2.82**
(-3.62,-2.02 )

6.52
(2.27)

6.49
( 1.81 )

6.0 1
( 1.73)

6.63
( 1.85)

-0.06
(-0.87,0.75)

-0.54
(-1.17,0.10)

0.08
(-0.57,0.72)

7.06
(2.39)

6.39
(2.29)

6.34
(1.80)

6.85
(1.87)

-0.67
(-1.40,0.06)

-0.73
(-1.39,-0.06)

-0.22
(-0.85,0.42)

12.62
(1.80)

12.93
(2.92)

12.84
(2 .80)

13.36
(2.49)

0.36
(-0.36,1.09)

0.28
(-0.48,1.03)

0.79
(-0.03,1.60)

13 .55*
(1.94)

11.37**
(1.81)

12.00
(1.73)

11.55***
(1.75)

-2.18***
(-2.94,-1.42)

-1.55***
(-2.15,-0.95)

-2.0***
(-2.64,-1.36)

136 .63
( 108.28,
181.93)

130.20
(1 0526,
163.27)

138.80
( 111.1 9,
173 .85)

137.01
(107 .69,
160.91 )

95
(84,108)

102
(93,111)

100
(89,113)

135.19
(114.34,
13132)

118.61
(90.92,
153.0)

121.2
(97.81,
136.23)

112.38
(97.61 ,
127.66)

88
(77,100)

90
(81,99)

83*
(75,92)

11 9.64
(134)

119.43
(14 .02)

122.90
(1345)

119.92
(15 .38)

-0.31
(-5.07,4.45)

3.17
(-0.93,7.26)

0.19
(-4.83,15.25)

110.88**
(12 .52)

129.9**
(14.47)

127.16**
(12.21)

129.94
(12.17)

19.0***
(13.9,24.1)

16.29***
(11.79,20.79)

19.07***
(15.25,22.89)

69.09
(12.11)

69.99
(8.34)

70.04
(880)

68.49
(9.91)

0.87
(-2.77,4.51)

0.91
(-3.03,4.86)

-0.64
(-4.11,2.84)

67.98
(9.74)

57.56***
(10.23)

58.46***
(7.46)

59.83***
(925)

-10.42***
(-13.44,-7.41)

-9.52***
(-11.93,-7.11)

-8.15**
(-1l.l0,-5.20)

49.28
(1315)

48 .04
(13 .52)

5139
(13.11)

50.85
(15 .22)

-1.27
(-5.57,3.02)

2.08
(-2.59,6.75)

1.53
(-2.81,5.87)

41.81 **
(11.07)

70.87***
(17.55)

67.48***
(13. 14)

68.82***
(12.0)

29.06***
(23.39,34.73)

25.67***
(20.86,30.48)

27.01 ***
(23.28,30.74)

6.89
(2 .01)

7.97
(2 .11)

7.55
(1.88)

7.03
(2.06)

1.12
(0.55,1.68)

0.70
(0.18,1.21)

0.17
(-0.41,0.75)

7.58
(2.10)

11.68***
(3 .18)

10.40***
(2.25)

10.84***
(2.53)

4.10***
(3.16,5.04)

2.82***
(2.15,3.49)

3.26***
(2.59,3.94)

(g/d)

P UFA
(g/d)

MUFA
(g/d)

Cholesterol
(mg/d) ,

Carbohydrate
(g/d)

Starch
(g /d)

Total sugars
(g/d)

Dietary fibre
(g/d)

Nutrient intake values presented per 1000 kcal energy. Values are summarised as mean SD and change as mean (95% Cl) or where data were skewed (variables marked I), geometric mean (IQ range) and change as
geometric mean (equivalent to percentage of baseline) (95% Cl). Changes were compared between groups using independent samples t-tests. *p<0.05; **p<O.OI; ***p<O.OOI for comparison of change in
macronutrient at timepoint between 2 portions/day and 5 portions/day .
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Table 5.14: Dietary intake of micro nutrients at baseline, week 6, week 12 and week 16 according to FV allocation
5/day (n m.. = 41)

2/day (nmu = 40)
Week 0

Week 6

Week 12

Week 16

Change
6 weeks

Change
12 weeks

Change
16 weeks

WeekO

Week6

Week 12

Week 16

Change
6 weeks

Change
12 weeks

Change
16 weeks

Vitamin C
(mg/d)

36.73
( 17.3 7)

40.85
( 17.50)

41 .65
(22.02)

38.89
(17. 19)

4.35
(-1.27,9.98)

5.15
(-1.91,12.20)

2.39
(-3.05,7.83)

40.00
(23 .37)

107.80·"
(52.79)

96.38···
(38 .03)

96.19···
(41.85)

67.80***
(54.04,81.57)

56.38***
(44.28,68.47)

56.20***
( 44.02,68.37)

Retinol

242. 8
( 169. 5,
2981)

217.2
(167 .5,
299.8)

202.7
(132.3,
281.0)

228 .7
(146.3,
320.7)

89
(71,112)

83
(64,108)

93.7
(72,122)

246.3
(166.9,
312.4)

185 .9
(141.0,
273 .6)

201.5
(143 .8,
262.5)

185.4
(139.0,
240.8)

75
(65,87)

82
(64,104)

75
(61,93)

Carotene
(~/d) 1

1265.0
(690. 1,
1996.2)

1312. 1
(853 . 1,
1976.2)

1334.1
(772.9,
2124.2)

1191.3
(7287,
1950.4)

103
(78,137)

105
(78,141)

94
(67,132)

1232.9
(744.6,
2363 .7)

2355 .7···
(1541.5,
3789 .2)

2309.5···
(1605 .2,
3360.4)

2201.1···
(14936,
3368 .1)

191**
(147,248)

187**
(146,240)

179**
(144,221)

Vitamin E
(~d)1

3.30
(2.26,5.73 )

3.50
(2.44,4.41 )

3.05
(2.22,4.73)

3.52
(2.62,4.36)

107
(88,129)

93
(78,111 )

108
(91,127)

3.93
(2 .70,6.10)

4.70··
(3 .75,5.34)

4.40···
(3 .39,5.33)

4.58··
(3 .67,5.82)

119
(106,135)

112
(99,127)

116
(103,131)

Vitamin D
(Ilgld) 1

1.27
(0.71 ,2.39)

1.30
(0.75 ,2.02)

1.12
(0.78,1.69)

1.02
(0.64,2.00)

101
(76,134)

89
(72,109)

81
(63,105)

1.48
(0.99,2.42)

1.08
(0.69,1.63)

1.24
(0.84, 1.59)

1.30
(0.94,2.06)

73
(60,89)

84
(70,101)

88
(72,107)

Vitamin K
(~/d) 1

4.57
(214,870)

4 .19
(3.49,6.07)

4.89
(2 .97,8.52)

4.53
(2 .63,7.43)

93
(62,139)

109
(69,170)

101
(72,141)

3.44
(1.63 ,6.80)

10.40···
(5.34, 16.92)

9.50··
(5.49,15.36)

9.56···
(5.45 ,1911)

303***
(198,464)

277**
(177,433)

278***
(180,430)

Vitamin B.
(mg/d)

1.15
(0 .35)

1.20
(034)

1.17
(0.31)

1.07
(0.24)

0.06
(-0.03,0.14)

0.02
(-0.07,0.11)

-0.08
(-0.16,0.01)

1.08
(0.28)

1.39·
(0.46)

1.20
(0.21)

1.25··
(0.27)

0.32**
(0.19,0.44)

0.12
(0.05,0.19)

0.17***
(0.09,0.25)

Vitamin B12
(~/d) 1

3. 17
(2.36,3.96)

2.89
(2 .29,3.72)

3.03
(2.45 ,3.68)

2.78
(2 .26,3.42)

92
(79,106)

96
(86,108)

88
(77,101)

3.08
(2.43,3 .67)

2.58
(2.09,3.17)

2.48·
(1.83,3.02)

2.44
(1.89,2.94)

84
(72,97)

80
(67,97)

79
(68,92)

Folate
(mg/d)

146.03
(34.94)

152.27
(46.44)

149.18
(40.18)

133 .54
(33 .52)

6.76
3.67
(-8.16,21.68) (-8.28,15.62)

-11.97
(-23.79, -0.15)

139.70
(34.89)

188.89·
(88.98)

159.44
(35 .64)

161.59··
(43.15)

49.19**
(23.10,75.27)

19.74
(8.48,31.0)

21.89***
(8.94,34.83)

(~/d) 1

Nutrient intake values presented per 1000 kcal energy. Values are summarised as mean SO and change as mean (95%CI) or where data were skewed (variables marked 1), geometric mean (IQ range) and change as
geometric mean (equivalent to percentage of baseli ne) (95% Cl). Changes were compared between groups using independent samples t-tests. ·p<0.05; ··p<O.OI; ···p<O.OOI for comparison of change in
micronutrient at timepoint between 2 portions/day and 5 portions/day .
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Table 5.14 contd: Dietary intake of micro nutrients at baseline, week 6, week 12 and week 16 according to FV allocation
2/day (nmu = 39)

5/day (nmu = 41)

Week 0

Week6

Week 12

Week 16

Change
6 weeks

Change
12 weeks

Change
16 weeks

WeekO

Week6

Week 12

Week 16

Change
6 weeks

Change
12 weeks

Change
16 weeks

Calcium
(mg/d)

508 .93
( 132.85)

466.95
( 128.65)

502.41
(119.17)

457.05
(110.22)

-42.41
(-86.4,1.62)

-6.95
(-47.08,33.17)

-52.32
(-87.14,-17.50)

479.33
(100.29)

452.27
(81.49)

417.94**
(88.02)

427.14
(94.79)

-27.06
(-51.98,-2.13)

-61.39*
(-86.23,-36.54 )

-52.19
(-72.58,-31.80)

Magnesium
(mg/d)

142.85
(30.83)

148.74
(37.77)

146.22
(31.26)

139.05
(35.39)

6.52
(-3.65,16.69)

4.00
(-5.29,13.30)

-3.18
(-13.17,6.81)

148.44
(25 .21 )

164.40*
(28.94)

155.72
(2331 )

161.78**
(2588)

15.96
(7.36,24.56)

7.28
(1.45,13.12)

13.34**
(7.23,19.44)

Phosphorus
(mg/d)

719.52
(159 .94)

714 .67
(13920)

734.76
(138 .16)

676.96
(124 .01)

-4.28
(-54.17,45.61 )

15.81
(-35.66,67.28)

-41.98
(-82.63,-1.33)

715 .50
(101.78)

702.26
(102.25)

670.52*
(92 .06)

680.46
(103.87)

-13.24
(-42.06,15.58)

-44.98*
(-68.41,-21.55)

-35.04
(-55.82,-14.27)

Potassium
(mg/d)

1628.0
(364.4)

1694.60
(352.15)

1662.04
(269.86)

1574.92
(278.74)

72.30
(-22.2,166.8)

39.75
(-48.6,128.1 )

-47.38
(-151.9,57.2)

1576.95
(217.53)

2131.15***
(421.11)

1993 .02***
(326.29)

2034.04***
(305.68)

554.20***
(418.3,690.1)

416.07***
(300.3,531.8)

457.09***
(367.9,546.3)

Iron
(mg/d)

6.59
(213)

6.29
(1. 72)

6.40
(1. 72)

5.78
( 1.43)

-0.22
(-0.88,0.43)

-0.12
(-0.68,0.45)

-0.73
(-1.29,-0.16)

6.54
(1.73)

6.83
( 1.66)

6.49
(1.41 )

6.50*
(\.28)

0.29
(-0.13,0.70)

-0.05
(-0.43,0.32)

-0.04*
(-0.46,0.37)

Copper
(mg/d) I

0.55
(0.45 ,0.60)

0.54
0.56
(0.46,0.63) (0.47,0.60)

0.54
(0.44,0.61 )

99
(91,109)

102
(93,113)

100
(89,112)

0.59
(0.49,0.67)

0.65**
(0.58,0.73)

0.65**
(0.56,0.74)

0.64**
(0.56,0.73)

109
(96,124)

III

(98,124)

109
(97,122)

Zinc
(mg/d)

4.94
(4 .24,5.67)

4.96
5.32
(4 .30,5.90) (4 .32,6.67)

4.75
(3.97,5.57)

101
(92,110)

108
(99,118)

96
(90,103)

5.10
(4.37,5 .62)

5.00
(4.35,5.89)

4.73*
(3.91 ,5.63)

4.60
(3.86,5.45)

98
(92,105)

93**
(86,100)

90
(85,95)

23.60
(11 .87)

n08
(8 .30)

20.47
(5 .83)

-1.46
(-5.08,2.17)

-2.31
(-6.12,1.50)

-3.07
(-6.84,0.70)

25 .01
(9.07)

24.02
(8.81)

23.14
(6.43)

23.45
(7.98)

-1.00
(-3.90,1.90)

-1.87
(-4.40,0.65)

-1.56
(-4.18,1.06)

I

Selenium
(~g/d)

21 .23
(5 .71 )

Nutrient intake values presented per 1000 keal energy. Values are summarised as mean SO and change as mean (95% Cl) or where data were skewed (variables marked I ), geometric mean (IQ range) and change as
geometric mean (equivalent to percentage of baseline) (95% Cl). Changes were compared between groups using independent samples t-tests. *p<0.05; **p<O.O 1; ***p<O.OO I for comparison of change in
micronutrient at timepoint between 2 portions/day and 5 portions/day .
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Chapter 5
A bivariate correlation analysis was carried out to provide a more informative
analysis

regarding

the

relationship

between

the

change

in

micronutrient

concentrations and the quantitative change in FV portions as estimated from 7-day
diet histories, rather than simple consideration of allocated group. The results for
this analysis are presented in Table 5.15. The strongest correlations were observed
for reported change in FV consumption and the change in plasma concentrations of
vitamin C (p<O.OOI) and serum concentrations of zeaxanthin (p<O.OI) and pcryptoxanthin (p

=

0.02) (all logarithmically transformed) at 16 weeks.

Similar

associations were observed at 6 weeks and 12 weeks. Surprisingly, the change in
plasma concentrations of a- and p-carotene and lycopene were weakly correlated
with change in FV consumption.

The same correlation analysis was also carried out to examine the relationship
between change in daily nutrient intake and change in FV consumption (Table 5.16).
As expected, change in FV consumption was positively correlated with change in
carbohydrate, total sugars, dietary fibre , vitamin C, carotene, vitamin K, vitamin B6 ,
folate, potassium (all p<O.OOI) and magnesium (p<O.OI) and negatively correlated
with total fat (p<O.OOI), SFA (p<0.01), MUFA (p<O.OOl) and starch (p<O.OOI).
Similar correlations were also observed at 6 weeks and 12 weeks with the exception
of magnesium which was not significantly correlated with FC consumption at either
time point (data not shown) .
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Table 5.15: Association between change in daily FV consumption as
estimated from
7-day diet histories at 16 weeks and change in circulating
micronutrient
concentrations at 16 weeks.
Micronutrient

Pearson Correlation
Coefficient

p value

Vitamin C (~molll)

0.46

<0.001

Total carotenoids

0.13

0.24

0.14

0.24

0.31

<0.01

~-cryptoxanthin (~mol/l)

0.26

0.02

a-carotene (~molll)

0.01

0.91

~-carotene (~molll)

-0.08

0.50

0.l6

0.l6

0.004

0.97

Folate (nmolll)

0.11

0.36

Vitamin B12 (pmol/l)

0.05

0.64

25(OH)D (nmolll)

0.01

0.94

(~molll)

Lutein (~molll)
Zeaxanthin

Lycopene
Retinol

(~molll)

(~molll)

(~molll)

n = 77 for vitamin C and FV comparison, and n = 78 for all other compar
isons.
All micronutrient concentrations were skewed and were log-transformed
.
Changes were compared using Pearson correlation coefficients.
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Table 5.16: Association between change in daily FV consumption at 16 weeks and
change in nutrient intake at 16 weeks (both variables estimated from 7 -day diet
histories)
l

Pearson Correlation
Coefficient

p value

Energy (kcal)

0.37

<0.01

Protein (g/d)

-0.10

0.39

Total fat (g/d)

-0.55

<0.001

SFA (g/d)

-0.37

<0.01

PUFA (g/d)

-0.04

0.70

MUFA (g/d)

-0.48

<0.001

Cholesterol (mg/d)2

-0.22

0.05

Carbohydrate (g/d)

0.60

<0.001

Starch (g/d)

-0.38

<0.001

Total sugars (g/d)

0.78

<0.001

Dietary fibre (g/d)

0.64

<0.001

Vitamin C (mg/d)

0.72

<0.001

Retinol (~g/di

-0.14

0.21

Carotene (~g/di

0.44

<0.001

Vitamin E (~g/d)2

0.06

0.59

Vitamin D (~g/d)2

0.01

0.94

Vitamin K (~g/di

0.39

<0.001

Vitamin B6 (mg/d)

0.49

<0.001

Vitamin B 12 (~g/d)2

-1.00

0.40

(~g/d)

0.41

<0.001

Calcium (mg/d)

0.00

0.99

Magnesium (mg/d)

0.34

<0.01

Phosphorus (mg/d)

0.08

0.49

Potassium (mg/d)

0.72

<0.001

Iron (mg/d)

0.18

0.10

Copper (mg/d)2

0.19

0.09

Zinc (mg/d)2

-0.14

0.19

Selenium (~g/d)

0.08

0.46

Nutrient

Folate

n - 80 for all comparisons.
I Nutrient intake values expressed per 1000 kcal energy
2 Micronutrient intakes were skewed and were log-transformed .
Changes were compared using Pearson correlation coefficients.
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Associations between the change in plasma concentrations of micronutrients and the
corresponding changes in dietary intakes of selected nutrients are presented in Table
5.17. As expected, change in plasma vitamin C was positively correlated with the
change in dietary intake of vitamin C (p<O.Ol). In addition, the change in plasma
levels of folate reflected the change in the dietary intake of folate (p<O.OS).

Surprisingly, there was no significant correlation evident between change in plasma
u- and ~-carotene and change in dietary intake of carotene. Similarly, there were no

significant correlations between change in retinol, vitamin

B12

and 2S(OH)D and

their corresponding changes in dietary intakes. This may be owing to the narrow
distribution of these nutrients in FV compared to other nutrients or may simply
reflect inadequate food composition data.
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Table 5.17: Association between change in plasma micronutrient status at 16 weeks
and change in intakes of selected nutrients at 16 weeks as assessed by diet history
Nutrient Intake (n

=

80)

Vitamin
C (mg/d)

Carotene
(/-!g/d)

Retinol
(/-!g/d)

Vitamin
E (/-!g/d)

Folate
(/-!g/d)

D (/-!g/d)

Vitamin
B12 (/-!g/d)

0.31 **

-0 .12

0.07

0.10

0.18

0.19

-0.06

0.05

0.07

0.11

0.14

0.05

-0.08

0.13

0.05

0. 19

0.06

0.09

0.12

-0.15

-0.15

0.21

0.21

0.13

0.11

0.28*

0.02

0.05

0.25

0.24

-0.02

0.19

0.22

-0.01

-0.04

0.00

0.07

0.06

0.04

0.05

-0 .05

0.11

0.02

0.04

-0.01

-0.01

-0.07

-0.08

0.05

0.05

-0 .05

0.07

0.11

0.05

-0.03

0.18

-0 .03

-0 .03

-0.06

-0 .07

-0 .09

-0.32**

-0.33**

Folate
(nmolll)

0.19

0.19

0.12

0.03

0.23*

0.29*

0.14

Vitamin B12
(pmolll)

0.08

0.08

0.14

0.07

0.15

0.11

0.16

25(OH)D
(nmolll)

0.01

0.01

0.14

0.06

0.12

0.14

0.17

Nutrient Status
(n - 78)
Vitamin C

Vitamin

(~molll)

Total carotenoids
(~molll)

Lutein
(~molll)

Zeaxanthin
(~mol/I)

~-cryptoxanthin
(~molll)

a-Carotene
(~molll)
~-Carotene

(~mol/I)

Lycopene
(~molll)

Retinol
(~molll)

Values are Pearson Correlation Coefficients. Nutrient intake values expressed per 1000 kcal energy.
*p<O.05 **p<O.OI
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5.4.10

Changes in Estimated NEAP During the Intervention

Given that body weight was only measured at baseline and week 16, it was only
possible to calculate estimated NEAP at these two timepoints. Table 5.18 presents
the change in estimated PRAL and NEAP between baseline and week 16. At week
16, the change in both variables from baseline was significantly different between the
two intervention groups with those in the 5 portions/day group showing a greater
decrease compared to those in the 2 portions/day group.

Table 5.19 presents results from a bivariate correlation analysis which was carried
out to examine relationships between NEAP and nutrient intake for the entire sample.
As expected, the results revealed a significant negative association between
estimated NEAP and self-reported FV intake (p<0.00 1).

Significant inverse

associations were also evident between change in NEAP and change in dietary
intakes of carbohydrate, dietary fibre , potassium, magnesium, carotene, vitamin B6,
folate, vitamin C (all p<O.OOl), vitamin K and iron (both p<O.Ol). As expected,
intakes of protein were positively associated with estimated NEAP (p<O.O1).
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Table 5.18: Estimated PRAL and NEAP at baseline and week 16 according to FV allocation

2/day (n max = 40)

5/day (n max = 41)

Week 0

Week 16

Change at 16 wk

Week 0

Week 16

Change at 16 wk

PRAL
(mEq/d) 1

4.84 (7.71)

4.17(7.15)

-0.88 (-3.9, 2.16)

7.79 (6.73)

-12.80 (8.05)***

-20.60 (-23.27, -17.92)***

NEAP
(mEq/d) 1

45.91 (8.59)

45 .03 (8.70)

-0.95 (-4.01, 2.12)

52.01 (7.13)**

31.47 (8.53)**

-20.54 (-23.16, -17.92)***

Variables are summarised as mean (SD) and change as mean (95% Cl).
** p<O.OI *** p<O.OOI for significant difference between groups (2 portions/day and 5 portions/day) using independent samples t-test.
I Estimated according to algorithm by Remer et al. (2003)
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Table 5.19: Association between change in NEAP! at 16 weeks and change in daily
FV consumption and selected nutrients at 16 weeks (in all participants).
Pearson Correlation
Coefficient

p value

No. of FV portions/d

-0.79

<0.001

Protein (g/d)

0.33

<0.01

Total fat (g/d)

0.69

<0.001

Carbohydrate (g/d)

-0.74

<0.001

Dietary fibre (g/d)

-0.63

<0.001

Potassium (mg/d)

-0.84

<0.001

Calcium (mg/d)

-0.01

0.93

Magnesium (mg/d)

-0.43

<0.001

Phosphorus (mg/d)

-0.004

0.98

Iron (mg/d)

-0.29

0.01

Copper (mg/d)2

-0.20

0.07

Zinc (mg/d)2

0.24

<0.05

Retinol (~g/d)2

0.17

0.14

-0.42

<0.001

0.09

0.41

Vitamin E (~g/d)2

-0.03

0.79

(~g/d)

-0.33

<0.01

Vitamin B6 (mg/d)

-0.49

<0.001

Vitamin B12 (mg/d)

0.11

0.34

(~g/d)

-0.49

<0.001

-0.70

<0.001

Carotene

(~g/d)

Vitamin D

Vitamin K

Folate

(~g/d)

Vitamin C (mg/d)

n - 80 for all comparisons. Changes were compared using Pearson correlation coefficients .
Nutrient intakes values expressed per 1000 kcal energy.
IEstimated according to algorithm by Remer et at. (2003)
2Micronutrient intakes were skewed and were log-transformed.
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5.4.11

Intervention Associated Changes in Other Secondary Endpoints

Pre- and post-intervention values and changes for lipid, CRP and isoprostanes are
summarised according to FV allocation in Table 5.20. There were no significant
between-group differences in the change in any variable assessed at 6, 12 or 16
weeks.

Data on the change in systolic and diastolic blood pressure, body weight and BM!
over the 16 week intervention are shown in Table 5.21. The reduction in diastolic
blood pressure tended to be larger in the 5 portions/day group compared to the 2
portions/day group, and this approached significant (p
was not observed for systolic blood pressure.

=

0.09), but the same trend

Body weight and BM! remained

relatively unchanged throughout the 16 week intervention, with no significant
differences apparent between the intervention groups.
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TabJe 5.20: Lipid and biochemical marker status at baseline and during intervention according to FV allocation
2/day (nmu=39)
Week

°

5/day (n mu =40)

Week6

Week 12

Week 16

Change
6 wk

Change
12wk

Change
16 wk

WeekO

Week 6

Week 12

Week 16

Change
6wk

Change
12wk

Change
16 wk

Total
cholesterol
(mmolll)

5.37 ( 1.06)

5.18 (1.04)

5.32 (0.98)

540 ( 1.1 3)

-0.18
(-0.40,0.04)

-0.05
(-0.33,0.22)

0.07
(-0.20,0.34)

5.14 ( 1.24)

5.01 (1.21 )

5.08 ( 1.09)

4.88 (1.16)

-0.11
(-0.37,0.15)

-0.06
(-0.33,0.20)

-0.25
(-0.53,0.02)

HDL
(mmolll)

1.52 (0.39)

1.47 (0 41 )

1.50 (0.35)

1.5 1 (0.39)

-0.25
(-0.08,0.03)

-0.00
(-0.06, 0.06)

0.01
(-0.04,0.07)

1.44 (042)

1.41 (042)

1.3 7 (0.38)

1.37 (0.38)

-0.04
(-0.14,0.05)

-0.07
(-0.17,0.03)

-0.07
(-0.16,0.03)

Tri glycerides
(mmolll),

1.4 1
(0.99,2.11 )

1.42
(0.97, 1.89)

14 5
(0.99, 1.79)

1.49
(1.14,2 .00)

100
(91,109)

101
(92,111)

106
(96,117)

1.25
(0.83, 1.92)

1.25
(0.94,1.85)

1.37
(0.98,1.94)

1.30
(0.97, 1.90)

102
(93,113)

110
(101 ,119)

104
(96,113)

CRP
(mgll)'

244
(1.25,4.38)

246
( 1.30,4.42)

2.06
( 1.04,3.79)

2.13
( 1.14,5.06)

97
(80,119)

84
(73,97)

83
(70,98)

1.74
(0.96,2. 70)

1.90
(1.23,3.01)

1.68
(1.03 ,2.37)

2.00
(1.17,3.22)

108
(87,133)

107
(76,115)

113
(86,148)

Total
isoprostanes
(nmollmmol
creatinine)'

1.82
( 1.34,2.15)

1.73
( 1.22,1.84)

2.15
(1.33,2.49)

1.60
(0.97,1.92)

96
(85,108)

120
(99,145)

89
(78,101)

1.58
(1.15 ,2.01)

1.83
(1.36,2.39)

1.75
(1.35 ,2.19)

1.57
(1.21 ,1.96)

116
(98,137)

III
(97,127)

100
(87,114)

Variables are summarised as mean (SD) and change as mean (95% Cl) or, where data were skewed (variables marked I), geometric mean (IQ range) and change as geometric mean (equivalent to percentage of
baseline) (95 % Cl). Changes were compared between groups using independent samples t-tests. There were no significant differences in change in variable between intervention groups.
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Table 5.21: Change in systolic and diastolic blood pressure and BMI in those consuming 2- or 5-portions FV per day

5/day (n max =40)

2/day (omax=39)
Week

°

Week 16

Change at 16 wk

Week

°

Week 16

Change at 16 wk

p-value

Systolic blood
pressure (rnmHg)

150.5 (24.4)

143 .6 (23 .3)

-6.9 (-11.5,-2.4)

152.9 (20.9)

148.4 (18.8)

-3.8 (-8.9,1.2)

0.36

Diastolic blood
pressure (rnmHg)

84.1 (10.9)

82.3 (10.5)

-1.8 (-4.6,1.0)

87.0 (10.9)

82.2 (10.9)

-5.1 (-8.0,-2.2)

0.09

Weight (kg)

7l.2 (12.4)

70.6 (12.7)

-0.2 (-0.6,0.2)

78.9 (13.9)

79.1 (14.1)

0.2 (-0.3,0.8)

0.19

BMI (kg/m2)

28 .1 (4.5)

27.9 (4.6)

-0.1 (-0.3,0.1)

28.5 (4.0)

28.6 (4.2)

0.1 (-0.1,0.3)

0.16

Variables are summarised as mean (SO) and change as mean (95% Cl). Changes were compared between groups using independent samples t-tests. There were no
significant differences in change in variable between intervention groups.
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5.5

DISCUSSION

This chapter examines the effect of the 16 week FV intervention on the bone
formation marker QC and the bone resorption marker CTX. It also focuses on the
changes in dietary intake and nutrient status that occur in response to increased FV
consumption and examines how increased FV intake affects NEAP in older adults.

5.5.1

Baseline Characteristics

At baseline, no significant differences were evident between the two intervention
groups with respect to age, BMI, blood pressure, smoking status, alcohol status,
current use of medication, previous fracture or broken bones or number of years
since menopause, with the exception of previous use of HRT and percentage of
males, and therefore height and weight which was significantly higher in the 5
portions/day group.

5.5.2

Effect of Fruit and Vegetable Intervention on Bone Markers

Given the accumulating epidemiological evidence regarding the association between
FV intake and bone markers (New et al. 2000; Macdonald et al. 2005), it seems
prudent to undertake randomised intervention trials in order to prove or disprove any
associations. However, to date, the evidence from intervention studies regarding the
relationship between FV intake and bone markers has been somewhat inconsistent
(Lin et al. 2003 ; Macdonald et al. 2008; McTieman et al. 2009; Nowson et al. 2009).
Unlike previous intervention studies which were mainly conducted in pre- or
postmenopausal women (Macdonald et al. 2008; McTieman et al. 2009; Nowson et

at.

2009), and were, in some cases, not purely FV intervention studies (McTieman et
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al. 2009; Nowson et al. 2009), the current study was conducted in healthy older
adults, both male and female.

The current study failed to show any effect of increased FV consumption on bone
marker status (QC or CTX). These findings lend support to the findings from the
three other intervention studies which showed no significant effect of increased FV
consumption on bone turnover or total body BMD (Macdonald et al. 2008;
McTiernan et al. 2009; Nowson et al. 2009). In the first of these studies, 276 healthy
postmenopausal women aged 55 - 65 years were randomised to one of four groups
(300 g additional FV per day; high dose potassium citrate; low dose potassium citrate
or placebo). Their results showed no significant effect of increased FV consumption
on bone turnover (serum PINP, serum CTX, urinary DPD) or BMD loss over a two
year period. However in this study, the participants in the diet group consumed 300
g of FV in addition to their usual daily intake, which meant that there was a wide
variation in FV consumption (126 - 1470 g/day for fruit and 31 - 630 glday for
vegetables after one year) and thus makes interpretation of results difficult.
Importantly, the study did not have a dietary control group.

While compliance

within the study appeared to be good, as reflected by the four day food diaries and
dietary checklists, the biochemical measurements did not support this. It is possible
though that the biochemical measures may not have fully reflected FV consumption
as only vitamin C, folate and homocysteine were measured rather than a panel of
carotenoids. In addition, the study did not use fasting blood samples, therefore bone
marker measurements may have been affected by recent food intake (Macdonald et

al. 2008).
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Another recent intervention study conducted in more than 48,000 postmenopausal
women, aged 50 - 79 years, also failed to show any significant effect of increased FV
consumption (~ 5 servings per day) on vertebral or total body BMD or fracture over
a period of eight years (McTieman et al. 2009). In fact their results showed a small
but significant decrease in hip BMD in the intervention group compared to the
comparison group.

They also found that those in the intervention group had a

slightly reduced risk of falling compared to those in the comparison group.
However, compared to our study, the intervention by McTieman et al. (2009)
focused on a comparatively broader spectrum of foods, which apart from increased
FV intake, also emphasised a decrease in total fat intake (to
and an increase in grain intake (to

~

~

20% of total energy)

6 servings/day). This consequently makes it

difficult to identify which dietary factor was responsible for the findings. Of note,
the mean FV consumption in the intervention group after 12 months was only 1.2
servings/day greater than that of the comparison group, this being backed up by
minor changes observed in serum biochemical markers in the two groups
(McTieman et al. 2009), and therefore this difference may not have been large
enough to produce a difference in endpoints.

Other limitations are also evident

including the use of a FFQ to assess change in FV consumption.

Another more recent 14 week intervention study by Nowson et al. (2009) also found
no significant effect of consuming a low sodium, base-producing diet, which
included greater consumption of FV, on serum levels of OC, PINP or CTX. In this
randomized, parallel design intervention study, 111 women, aged 45 - 75 years, with
pre-hypertension or stage one hypertension were randomised to either a low-sodium
base-producing diet group (LNAB) or a high-carbohydrate low-fat diet group
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(HCLF) for a period of 14 weeks. The LNAB diet was similar to that of the low
sodium DASH diet in that it encouraged higher intakes of FV (to ~ 4 servings per
day of each), lower intakes of sodium and higher intakes of potassium, magnesium
and lean red meat compared to the HCLF diet. In comparison, the HCLF diet group
were encouraged to consume 2 servings/day of fruit and 2 - 3 servings/day of
vegetables as part of their diet. One serving was equivalent to one medium fruit or
half cup of vegetables.

After the intervention, significant between- and within-

group differences were observed. Intakes of FV in the LNAB group had increased to
3.9 servings/day and 3.6 servings/day respectively while intakes in the HCLF group
were 2.2 servings/day and 2.6 servings/day respectively. After the 14 week period,
they noted a 23 % increase in CTX in both groups, and no change in OC in either
group. Urinary sodium and calcium excretion also decreased in the LNAB group
while potassium excretion increased.

Surprisingly, they also observed an 11 %

increase in the bone formation marker PINP in the HCLF group.
however, compliance is questionable.

In this study,

Unlike the current study, which assessed

compliance by nutrient intake and biochemical markers, this study relied on
measurements of 24-hour urinary electrolyte excretion, fortnightly 24-hour food
records and 3-day SR food group diaries (per week) as indicators of compliance.
Although they noted increases in dietary intakes of potassium in the LNAB group,
only modest increases in urinary potassium excretion were evident (p

=

0.07). It is

also important to note that both diets were designed to provide adequate amounts of
calcium (at least 1000 mg) which may have influenced the results.

Findings by

Macdonald et at. (2008) suggest a possible calcium:alkali interaction whereby, if
calcium intakes are adequate, then an increase in alkaline intake may not have any
long term influence on bone turnover , however if calcium intakes are low initially,

213

Chapter 5
then an increase in alkaline intake coupled with additional calcium may have a
beneficial effect.

It is also worth highlighting that, in the three studies discussed, baseline intakes of
FV were relatively high compared to the current study. In the study by Macdonald et

al. (2008) baseline FV intake was 287 ± 185 g/day and 176 ± 96 g/day respectively.
Similarly, McTiernan et al. (2009) reported baseline levels of FV consumption of 3.6

± 1.8 servings/day in both groups, while in the study by Nowson et al. (2009) fruit
intakes were 2.4 and 2.3 servings/day for the LNAB diet group and HCLF diet group
respectively, and vegetable intake was 2.7 and 2.5 servings/day respectively.

The findings from the current study appear to refute those of previous intervention
studies where positive effects of increased FV consumption on bone marker status
were reported (Buclin et al. 2001; Lin et al. 2003). The widely recognised DASH
intervention trial, which involved 186 men and women aged 23 - 76 years, found that
high FV consumption over a four week period significantly reduced the serum bone
markers QC (by 8 - 11 %) and CTX (by 16 - 18%) compared to a control diet (Lin et

al. 2003). Unlike the current study, the DASH study was conducted on a wider age
group. Although the authors defined their participants as "middle aged", the ages in
fact ranged from 23 years to 76 years. In addition, participants in the intervention
group were significantly younger than those in the control group (mean age 48 years
(± 10) and 52 years (± 10) respectively). In the subgroup of participants aged over
50 years, 53 were assigned to the control group while only 38 were assigned to the

DASH dietary intervention group. The authors fail to indicate the proportion of
males and females in this subgroup.

Unlike the current study, the DASH diet
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emphasised the consumption of considerably higher amounts ofFV (approximately 9
servings/day). It is also worth noting that apart from consuming higher amounts of
FV, those consuming the DASH diet also had to make other changes to their diet
including increased consumption of low fat dairy products and also wholegrains,
poultry, fish and nuts and reduced intakes of fats, red meats, sweets and sugar
containing beverages.

It is entirely possible that the reduction in bone turnover

observed after consuming the DASH diet may simply reflect an increase in calcium
intake as a result of increased consumption of low fat dairy products. It was also
noted that those consuming the DASH diet had higher total protein intake, although
the authors were unable to confirm whether this would have contributed to the
change in bone markers by creating a calciuric effect. Another double cross-over
intervention study by Buclin et al. (2001) also reported similar findings to those of
Lin et al. (2003).

This study showed that an acidic diet (which included FV)

consumed over a four day period resulted in a 19% increase in the bone resorption
marker CTX. It is however difficult to compare these findings with others as this
study was a supervised feeding study and focused specifically on the overall acid
content of the diet rather than FV. Generalising results is also difficult due to the
small sample size (n = 8) and failure to include females.

Further comparisons between the already-conducted intervention studies are difficult
because of heterogeneity in interventions, duration, participant characteristics, and
endpoints used. There are, however, potentially a number of reasons why we failed
to observe an effect of increased FV consumption on bone marker status. Firstly, the
duration of the intervention may not have been long enough to detect an effect. A
longer study may have proved more beneficial particularly for capturing changes in
bone formation, since these markers are known to lag behind changes in bone
215

Chapter 5
resorption markers (Swaminathan 2001; Eastell & Hannon, 2008).

However, the

study by Lin et al. (2003) noted a significant change in bone markers after only four
weeks dietary intervention. It is also possible that larger quantities of FV are needed
before an effect on bone turnover becomes apparent. In other words, consuming five
portions of FV per day may have been insufficient to have an appreciable effect on
bone marker status. Support for this notion is clearly shown in the findings of the
DASH diet, which showed that consuming very high intakes of FV (approximately
nine servings/day) had a favourable effect on bone markers. In the current study,
increasing the daily FV intake to more than the recommended five portions per day
was not considered feasible or manageable for this age group and would have proved
more burdensome in terms of preparation, cooking and consumption. In many older
adults, appetite is often reduced, therefore increasing FV intake above the
recommended five portions/day may have proved too difficult and may have resulted
in reduced compliance.

A key objective of the current study was to keep the

intervention as realistic and as practical as possible, for the age group being studied.
Alternatively, it is also possible that the favourable effects of increased FV
consumption only apply to those who did not consume any FV prior to the
intervention. Increasing FV intake in individuals who were already consuming FV
prior to the intervention may have no further effect on bone metabolism thus
suggestive of a threshold effect.

In the current study, the types of FV were not

controlled: all participants were allowed to self-select their FV. It could therefore be
suggested that the wide variety of FV consumed did not supply adequate levels of
nutrients to have an appreciable effect on bone markers. In addition the null findings
between FV and bone markers may relate to the health status of the sample
population. All participants in the current study were healthy and, as suggested by
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Macdonald et al. (2008), it is possible that nutritional interventions on bone may only
be effective in individuals who are frail and have poor nutritional status. In a healthy
population, other factors, such as body composition and overall general health, may
be stronger determinants of bone health than dietary intake or acid load. However
these comments are speculative and further investigative analysis are required to
prove or disprove such theories. Food intake and circadian variability may also have
caused variability in the bone markers (Wichers et al. 1999; Qvist et al. 2002),
however we tried to minimise these effects by taking blood samples in the morning,
after an overnight fast.

5.5.3

Effect of Fruit and Vegetable Intervention on Estimated NEAP

As expected the intervention resulted in a significant decrease in estimated NEAP in
those consuming 5 portions/day compared to those consuming 2 portions/day
(p<0.001).

This result indicates that FV increase the alkalinity of the diet, thus

reducing the acid load within the body. Although our NEAP values are similar to
those estimated for other populations (Welch et al. 2007; Gannon et al. 2008), it is
difficult to compare the current results directly, owing to the variation in algorithms
(Frassetto et al. 1998; Remer et al. 2003) used to estimate NEAP in other studies. In
the current study, the algorithm by Remer et al. (2003) was employed as it takes into
account average intestinal absorption rates from dietary intakes of protein and other
minerals including phosphorus, potassium, magnesium and calcium.
NEAP values are at best only estimates of acid production.

However,

Under ideal

CIrcumstances, acid production can be measured in the urine, however this
measurement requires a 24 hour urine collection (Frassetto et al. 2007) which in the
current study, was considered impractical and too burdensome for this age group.
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5.5.4

Association Between NEAP and Bone Markers

The current study failed to show any significant correlation between change in
estimated NEAP and change in bone markers at week 16. This is not surprising,
given the fact that the increased FV consumption did not have any significant
influence on bone marker status.

These findings suggest that increasing the

alkalinity of the diet does not confer any beneficial effects on bone and therefore the
findings do not appear to support the acid-base hypothesis. These results concur
with two other recent intervention studies which have been previously mentioned
(Macdonald et at. 2008; Nowson et at. 2009). In the two year study by Macdonald et

at.

(2008), increased provision of alkali by either increased FV consumption or by

potassium citrate supplementation had no significant effect on bone markers or BMD
in post-menopausal women.

Similarly, the study by Nowson et at. (2009) also

showed that increasing the alkalinity of the diet did not affect bone turnover in
women aged 45 - 75 years.

However, in the high-acid load diet group they did

observe a positive association between change in dietary PRAL and change in both
CTX and QC, thus suggesting that higher acid loads result in greater increases in
bone markers. However comparing the current results with these studies is difficult
due to the heterogeneity between each study and also the use of both a different
specific dietary intervention and panel of bone markers.

5.5.5

Compliance with the Intervention

Monitoring and maintaining compliance during a dietary intervention trial involving
free living individuals is a major challenge. As hoped, the intervention increased
reported mean daily intake of FV. There were clear distinctions in FV consumption
during the intervention, with diet histories suggesting mean daily portion intakes at
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16 weeks of 1.8 and 6.0 in the 2 portions/day and 5 portions/day groups respectively
compared to 1.4 and 1.4 mean daily portions at baseline respectively. It is reassuring
to note that the change in reported FV consumption during the intervention differed
significantly between each group.

This confirms that the differing dietary

instructions provided to all participants according to their FV allocation were
effective.

5.5.6

Biochemical Markers of Fruit and Vegetable Status

While cross-sectional studies rely upon static point estimates of dietary intake and
biochemical status, intervention trials allow for more informative analysis since
changes can be compared.

Previous work employing this design has generally

reported weak correlations between changes in FV consumption and selected
micronutrient concentrations (Le Marchand et al. 1994; Zino et al. 1997).

If the diet histories are accepted as true accounts of intervention-related changes in
FV consumption, then changes in plasma biomarkers should undoubtedly follow a

broadly similar pattern.

Changes in serum concentrations of vitamin C, ~

cryptoxanthin, zeaxanthin, lycopene, and to a lesser extent, total carotenoids, lutein
and folate reflected the reported dietary alterations closely, with a clear difference in
change in micronutrient status between intervention groups. A bivariate correlation
analysis was also carried out to determine associations between change in daily FV
intake and change in micronutrient status at 16 weeks, revealing a significant positive
correlation between concentrations of vitamin C, zeaxanthin and ~-cryptoxanthin and
self-reported FV intake.

Consistent with the current results, other controlled

intervention studies have similarly reported increases in zeaxanthin (Breviba et al.

2008 ; McCall et al. 2009), vitamin C (Freese et al. 2004; Franciose et al. 2006;
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McCall et at. 2009) and p-cryptoxanthin (Roberts et at. 2003; Franciose et al. 2006;
McCall et at. 2009) in response to increased FV consumption. McCall et at. (2009)
also noted a linear trend in the biomarker response of vitamin C (p

=

0.06), p-

cryptoxanthin (p<O.OO 1) and lutein (p = 0.002) across three different daily intakes of
FV (one versus three versus six portions/day). However, it is difficult to compare

results since the studies are too heterogeneous, particularly in terms of baseline
biomarker status and dietary intake, duration of interventions and FV dose. Any
differences in the changes in plasma concentrations of nutrients across the different
studies could also potentially be explained by pharmacokinetic factors such as
bioavailability, distribution, absorption rates and metabolism (Crews et at. 2001).
However, when considering such evidence alongside the current findings, it is
reasonable to conclude that vitamin C and specific carotenoids may serve as useful
biomarkers of altered FV consumption among individuals encouraged to undertake
dietary change.

Surprisingly, plasma concentrations of a- and p-carotene were not significantly
affected by the increased FV consumption and were not strongly correlated with
change in FV intake or with change in dietary intakes of carotene. However, a few
other intervention studies similarly found no significant change in a- (Mc Call et at.
2009) or p-carotene (Broekmans et at. 2000; Thompson et at. 2006; McCall et at.
2009) in response to increased FV consumption. There are a number of factors that
could explain this null finding. Carotenoid bioavailability is known to vary between
foods, for example raw versus cooked vegetables. Less than 10% of the carotenoids
present in raw carrots are absorbed (Edwards et at. 2001). It is also possible that
dietary intakes of one carotenoid can interfere with the absorption of another (Kostic
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et al. 1995).

The composition of the overall diet may also influence carotenoid

response. For example, consuming FV alongside dietary fat (Brown et al. 2004;
Unlu et al. 2005) can affect the absorption of fat soluble nutrients such as carotene.
Alternatively, these findings may simply reflect the choice of FV by the participants.
In the current study, participants were encouraged to eat a wide variety of FV in
order to consume a wide range of carotenoids and vitamins rather than just focusing
on a single carotenoid from a specific fruit or vegetable. It is therefore possible that
participants in our cohort may simply have chosen to consume other types of FV
rather than those rich in a- or p-carotene.

Results from the large (n

=

3089)

observational EPIC study also suggest that a- and p-carotene may not be good
indicators of FV intake at the population level (AI-Delaimy et al. 2005). Apart from
the type of fruit or vegetable consumed, other extrinsic factors such as production
conditions (Kopsell & Kopsell, 2006), and the processing, storage and cooking
methods (Castenrniller et al. 1999) can also affect nutrient levels within foods and
may thus influence biomarker response. In the current study however, participants
were given practical advice on appropriate methods of cooking and storage in order
to preserve nutrients.

Despite some inconsistencies in micronutrient changes over the course of the
intervention, in general, the positive correlations which were evident between FV
consumption and micronutrient status, along with the marked change in FV intake in
the 5 portions/day group are highly indicative that compliance within the study was
good and highlights the efficacy of the intervention.
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5.5.7

Effect of Fruit and Vegetable Intervention on Nutrient Intake

Apart from examining FV consumption, nutrient intake of participants was also
assessed, using a relatively robust and validated method for assessing habitual food
intake (van Staveren et at. 1985). Furthermore, dietary intake was assessed at each
timepoint (baseline, week 6, week 12 and week 16). This not only enabled us to
assess compliance to the intervention, but also enabled us to examine whether other
dietary changes occurred in response to increased FV consumption.

Given the significant increase in FV consumption in the 5 portions/day group, it is
not surprising that changes occurred with dietary intakes of other nutrients,
especially those associated with FV.

Dietary changes in the control group were

small in comparison to the intervention group. Although participants were advised
not to alter their diet (apart from consuming the required amount of FV) and were not
given any specific advice on healthy eating, the findings clearly indicate that other
dietary changes did occur as a result of increased FV consumption. One of the most
surprising changes was the increase in total energy intake in the 5 portions/day group
which was significantly higher than the 2 portions/day group. This finding suggests
that participants in the 5 portions/day group were consuming more food than at
baseline. It is however interesting to note that increased FV consumption resulted in
favourable decreases in SF A and MUF A which were sustained throughout the
intervention.

These findings are consistent with those reported by another FV

intervention study (Smith-Warner et at. 2000). This one year randomised controlled
intervention study conducted in 201 males and females showed that increased FV
consumption to at least 8 servings per day resulted in a decrease in SFA and MUF A
compared to controls.

In agreement with our findings, they also reported no
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significant change in PUFA (Smith-Warner et al. 2000).

A number of other FV

intervention studies also reported similar findings (Le Marchand et al. 1994; Zino et

at. 1997; Cox et al. 1998b; Maskarinec et al. 1999). The results from the current
study also revealed significant increases in carbohydrate, starch, total sugars and
dietary fibre in the 5 portions/day group compared with the 2 portions/day group.
These findings are similar to those of Zino et al. (1997) who also noted modest
increases in consumption of total carbohydrate and dietary fibre in parallel with
increased FV consumption.

With regard to micronutrients, dietary intakes of vitamin C, carotene, vitamin K and
potassium also increased dramatically at each timepoint in the intervention group
compared to the control group, which clearly reflects the increase in FV
consumption.

In the intervention group, intakes of vitamin C more than doubled

from baseline, while vitamin K increased by more than threefold. Similarly, folate
intakes increased significantly at week 6 and week 16 in the 5 portions/day group
compared to the 2 portions/day group.

Furthermore, strong positive correlations

were noted between change in FV intakes and change in intakes of vitamin C,
carotene, vitamin K, vitamin B6 and folate. In contrast though, the results showed a
decrease in calcium intake over the course of the intervention. This decrease was
significantly more marked in the 5 portions/day group compared to the 2
portions/day group at week 12.

This suggests that participants were possibly

substituting high calcium foods such as yoghurts and milky drinks with the FV.

5.5.8 Effect of Fruit and Vegetable Intervention on Body Weight and BMI
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It is interesting to note that there was no significant difference in weight change or

BMI between the two groups at the end of the intervention. Body weight appeared to
remain relatively stable in both groups throughout the intervention period, despite the
increase in energy intake in the 5 portions/day group. This is in agreement with the
findings from three other FV intervention studies (Maskarinec et al. 1999;
Macdonald et al. 2008; McCall et al. 2009). In the first of these studies, healthy
women who consumed nine daily servings of FV over a six month period showed no
change in body weight (Maskarinec et al. 1999).

In a more recent randomised

placebo controlled trial conducted in 276 postmenopausal women, weight did not
change significantly in those randomised to 300 g of FV/day over a two year period
(± 5%) and no significant difference were observed between the treatment groups
(Macdonald et al. 2008). In another study similar to the current work, McCall et al.
(2009) found no significant change in the BMI of 117 hypertensive males and
females aged 40 - 65 years, who were randomised to consume either one, three or six
portions of FV per day over a 12 week period.

Similar results have also been

reported in other FV intervention studies (Cox et al. 1998b; Smith-Warner et al.
2000).

However, these findings conflict with three other recent FV intervention studies
(Greene et al. 2008; McTiernan et al. 2009; Nowson et al. 2009).

A RCT of

community dwelling older adults by Greene et al. (2008) reported that 58% of
participants who maintained five or more servings of FV over a two year period
showed a decline in BMI post intervention compared to controls. Similarly, in the
WHI dietary modification trial, participants consuming more than 5 servings of FV
per day showed a greater decrease in weight (0.8 kg) compared to the comparison
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group (0.1 kg) over a period of eight years. However, apart from increasing FV
consumption, participants in the intervention group were also encouraged to reduce
their total fat intake (to:::;; 20% of energy) and increase grain intake (to ~ 6 servings)
(McTiernan et al. 2009).

The intervention study by Nowson et al. (2009) also

reported a small but significant decrease in body weight in both groups however no
significant between group differences were observed.

In the current study, it is possible that the additional FV consumed by the participants
were not acting as a substitute for other foods.

We suspect that many of the

participants may have regarded the five portions of FV as extra foods to be
consumed rather than acting as a replacement for other foods.

This is further

supported by the increase in energy intake, between the start and end of the
intervention. Although the results showed a greater decline in total fat intake in the 5
portions/day group compared to the 2 portions/day group, intakes of carbohydrate
and total sugars increased significantly in the 5 portions/day group and consequently
energy intakes increased.

Although the increased consumption of FV will have

contributed to these increases, it may be that other sugary foods within the diet may
also have been a factor in these changes.

It is possible that participants were

consuming the fruits along with other sugary foods such as jelly, custard, ice-cream.
If participants had substituted the FV for less healthy foods, which included not only
high fat foods but also high sugary foods, then it is possible that we would have
observed a decrease in weight and BM!. Based on these findings, public health
recommendations should not only encourage the consumption of 5 portions of FV
per day but should also emphasise the importance of substituting high fat and also
high sugar energy dense foods with FV. It is of course possible that P A may also

225

Chapter 5
play a part, however at the end of the intervention, only eight participants reported
being more physically active compared to the start.

5.5.9

Effect of Fruit and Vegetable Intervention on Lipids, CRP and

Isoprostanes

No relationship was observed between changes in plasma lipids and altered FV
consumption. This is in keeping with the findings of a DASH sub-analysis where
even higher daily portion allowances had no significant effect on serum lipoprotein
or triglyceride concentrations (Obarzanek et at. 2001), and two previous FV
intervention studies conducted in hypertensives (McCall et at. 2009), and in healthy
non-smoking men (Watzl et at. 2005).

Change in serum CRP did not differ significantly between groups. These findings
also concur with those of McCall et at. (2009). However, in another study similar to
the current work, 64 healthy volunteers consumed either 2, 5 or 8 portions of
carotenoid-rich FV daily for four weeks after a 4-week run-in phase where all
participants consumed ::;2 portions/day FV (Watzl et at. 2005).

Between group

comparisons of change in serum CRP showed a significantly greater reduction
among those eating 8 portions/day compared to those eating 2 portions/day.
However, participants in Watzl ' s study were healthy, exclusively male non-smokers
who habitually consumed up 4-5 servings of FV daily, thus direct comparisons with
our current study are difficult. A larger two year trial which recruited volunteers
meeting 'metabolic syndrome ' criteria does report significant reductions in serum
CRP (mean decrease 1.1 mg/l) among individuals randomised to a Mediterraneandietary pattern (Esposito et at. 2004). Our null findings for CRP may thus reflect
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that either larger quantities of FV or more whole-scale dietary changes over a longer
period are necessary before an effect on low-grade inflammation is observed.

While isoprostanes are increasingly employed as markers of systemic oxidative
stress, there is considerable variation in how they are measured and expressed
(Roberts & Morrow, 2000). In the current study, an AutoDelfia assay was used to
quantify 8-iso Prostaglandin F2aconcentrations, the principal isoprostane in
biological fluids, in spot urine samples. Alternative approaches include measuring
the total isoprostanes by GCMS (Roberts & Morrow, 2000). Such methodological
disparities make direct between-study comparisons of absolute values difficult.

Between-group comparisons of change in isoprostanes were not significant. Again
results concur with those previously reported by McCall et al. (2009). In contrast
though, another dietary intervention study reported that urinary levels of 8-iso-PGF 2a
were significantly reduced among healthy women consuming 9 - 10 portions of FV
daily for eight weeks (Thompson et al. 2005); whilst a further study also showed an
effect of a vegetable soup (500 ml/day; equivalent to 72 mg vitamin C intake) in
healthy young volunteers on 8-iso-PGF 2a (Sanchez-Moreno et al. 2004). Since both
of these studies recruited young, non-smoking, medication-free volunteers,
extrapolation to the current study is difficult. It remains possible however that the 5
portions of FV/day is an insufficient quantity to significantly reduce systemic
oxidative stress.

Similarly negative results have been reported during other

intervention studies which have employed isoprostane concentrations to examine the
effects of a Mediterranean diet (Ambring et al. 2004), 600 g of FV/day (Dragsted et
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al. 2004) and flavonoid-rich black tea (O'Reilly et al. 2001) in healthy volunteers
over brief (6 - 8 week) periods.

5.5.10 Effect of Fruit and Vegetable Intervention on Blood Pressure
There was a non-significant trend for diastolic blood pressure reduction with
increasing FV consumption (p

=

0.09). The magnitude of this decrease among those

consuming 5 portions/day is larger than that previously described in a larger study
performed among medication-naiVe volunteers (Appel et al. 1997), but similar to that
reported in a community intervention study in healthy participants (John et al. 2002).
The result is in contrast to a previous FV intervention study, where a non-significant
trend towards a reduction in systolic blood pressure, but not diastolic blood pressure
was observed in hypertensive volunteers consuming 6 portions FV per day over a
period of eight weeks (McCall et al. 2009).

The results from these studies are

interesting from both a clinical and public health point of view, suggesting that a
clinically relevant reduction in blood pressure can be achieved through relatively
simple dietary interventions among free-living patients, some of whom have already
been established on antihypertensive medication. However, the contrasting results
(change in systolic versus diastolic blood pressure) need to be explored, and these
non-significant trends tested in appropriately powered and designed studies.

5.5.11 Study Design Considerations and Considerations for Future Work
Dietary intervention studies have traditionally been performed under more controlled
conditions whereby investigators have complete control over dietary content. While
effective in scientifically testing a specific hypothesis, the results of such trials have
limited applicability to clinical practice or public health policy. Allowing volunteers
to make their own dietary choices during this trial is closer to the clinical scenario,
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where most patients would receIve the unqualified advice 'eat more FV'.
Participants were supported by weekly home-deliveries of FV, however, and could
contact research staff for advice on any aspect of the study. Compliance with the
intervention was good, which illustrates the effectiveness of this approach in
increasing FV consumption.

Those randomised to 2 portions/day did not report difficulty in complying, and this is
not surprising as they were recruited as habitually consuming this level of FV. In the
previously mentioned FV intervention study by McCall et al. (2009), the control arm
for FV intake was 1 portion/day, which may have been overly restrictive.

The

current study supports that the 'low-dose' arm in future similar work could feasibly
be more generous (2 portions/day).

This study only compared 2- and 5-portions/day and therefore it would have been
useful to have an intermediate FV consumption group (3 - 4 portions/day) and a high
FV consumption group (6 - 7 portions/day), as this would have allowed us to test if
there was a dose-response effect. The relatively short duration of the intervention is
a severe limitation of the study as we are unable to determine whether the observed
increases in FV consumption could be maintained over a longer term. The failure to
observe any significant change in bone marker status may also reflect the short
duration of the study. However, it is important to re-iterate that the intervention was
primarily designed to test the effect of increased FV consumption on a panel of
clinically relevant markers of immune function in older adults, with the effect on
bone marker status being a secondary endpoint.

Justification for the 16 week

intervention period was therefore based on changes in measures of immune function
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and micronutrient status rather than on changes in bone markers. The size of our
cohort also needs to be considered. The small sample size may have compromised
the statistical power needed to observe an effect of FV intake on bone health.
Measuring BMD in addition to bone markers may also have proved more beneficial
as it has previously been reported that assessing BMD and bone marker
measurements together are much more predictive of subsequent fracture than a single
BMD measurement (Sarkar et al. 2004).

Moreover, BMD measurements are

considered to be the "gold standard" for the diagnosis of osteoporosis (World Health
Organization 1994).

The fact that our results add to an inconsistent body of evidence in relation to FV
intake and bone health highlights two requirements - the need for further
intervention studies with robust study designs and endpoint data collection, but also
further consideration of whether a whole diet change approach, such as increasing

FV consumption, will be more beneficial than a supplement.

5.6

CONCLUSIONS

In conclusion, in this randomised controlled intervention study of healthy volunteers
aged over 65 years, increasing FV consumption over a period of 16 weeks had no
effect on bone marker status. Findings from this study do therefore not support the
hypothesis that FV have a beneficial effect on bone markers. Furthermore, the
findings with regard to the effect of NEAP on bone markers do not support the acidbase hypothesis that increased alkalinity has a beneficial effect on bone health. The
results however do suggest that participating in a FV intervention study may be
effective in motivating older adults to increase their consumption of FV, however,
whether these increases can be sustained in the long term has yet to be determined.
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Our findings clearly indicate that further investigation is necessary in order to fully
understand the complexity of the effect of FV intake on bone health. Further larger
intervention studies of longer duration are necessary in order to clarify associations
between FV intake and bone markers and to establish whether or not long term
consumption of FV can have a beneficial effect on bone health. These may need to
involve a range of age groups, each with varying levels of overall FV intake to allow
an estimate of dose-response effects, and may also need to be designed to determine
whether certain types of FV have a more direct effect on bone health than others.
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6.1

INTRODUCTION

The importance of a physically active lifestyle for reducing chronic disease risk and
for promoting health and well-being is widely recognized. In order to achieve health
benefits, current UK guidelines advocate that adults, including older adults, should
participate in at least 30 minutes of moderate - vigorous intensity activity, on at least
five days of the week (National Health Service, 2009).

Apart from structured

exercise, this PA can include activities of daily living such as walking, shopping,
housework and gardening, provided that they are undertaken at moderate intensity
(National Health Service, 2009). However despite the recommendations, there is
currently little up-to-date evidence available as to whether or not individuals,
particularly older adults, comply with these recommendations.

With advancing age, the body undergoes marked anatomical and physiological
changes which can adversely affect physical function, muscle strength and bone
mass and thus impinging on the amount and types of activity undertaken by older
adults. However, accumulating epidemiological evidence suggests that increased PA
in later life may actually have beneficial effects on various musculoskeletal
parameters, which in turn may reduce fall and fracture risk.

A number of

randomized controlled studies in older adults have demonstrated that regular exercise
can improve or maintain muscle strength, physical function, and BMD (Kerr et al.
1996; Sipila et al. 1996; Kohrt et al. 1997; Taaffe et al. 1999; Rhodes et al. 2000;
Kerr et al. 2001).

However, these studies have focused on structured exercise

programs involving resistance training or weight-bearing activities, and have ignored
less strenuous habitual daily activities that are more relevant to older adults in terms
of accessibility, practicality and safety. Although a few other intervention studies
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focused on more home-based activities of daily living, the results of these are
conflicting (CampbeU et al. 1997; Kerse et al. 2008). Furthermore, of the studies to
date, most have been carried out in younger age groups, in women (Campbell et al.
1997; Nguyen et al. 1998) or in people with various degrees of disability or frailty
(Barnett et al. 2003; Kerse et al. 2008) and are therefore not representative of
healthy, free-living older adults. Many studies which examined the effect of PA on
bone health also focused on bone density rather than bone markers (Nguyen et al.
1998; Daly et al. 2008). In addition, many of these studies only focused on one
outcome measure of musculoskeletal health (Lord et al. 1995; Campbell et al. 1997;
Nguyen et al. 1998; Goodpaster et al. 2008) rather than multiple measures of muscle
strength, physical function and bone health. Given the complex interaction between
PA, physical function, muscle strength and bone health, it would seem more prudent
to examine these four components together.

Although a limited number of studies have examined the associations between
habitual PA and various measures of musculoskeletal health, the results are
inconsistent (Nguyen et al. 1998; Puntila et al. 2001; Daly et al. 2008). This may
reflect differences in methodology, particularly in assessment of P A, with many
studies relying solely on subjective questionnaires (Nguyen et al. 1998; Daly et al.
2008) rather than more objective measures such as accelerometry. SR questionnaires
are notably prone to recall error, reporting bias and individual misinterpretation of
intensity, frequency and duration of PA (Sallis & Saelens, 2000; Duncan et al. 2001;
Adams et al. 2005). Accelerometry may be a more valid measure of PA. Unlike
questionnaires, it can directly measure the intensity and duration of activity and is
not subject to bias, although it does not provide qualitative information on the type of
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activity being undertaken (Mathie et al. 2004). To date though, the majority of
studies which used accelerometry to assess PA focused on children and/or
adolescents (Riddoch et al. 2004; Jago et al. 2005), younger adults (Cust et al. 2008),
or people with specific health conditions (McDermott et al. 2002; Klassen et al.
2008). Although there are a few studies in older adults (Washburn & Ficker 1999;
Harris et al. 2009a), these were mainly comparative studies examining the validity of
accelerometry output versus questionnaire output.

Given the advantages and

disadvantage of both methods of PA assessment, it seems prudent to use both
measurements as a means of capturing different aspects of PAin older adults i.e.
type, duration, frequency and intensity of activity.

Apart from P A, other modifiable lifestyle factors, such as diet, may also influence
muscle strength and physical function in older adults. A recent study of Italians aged
over 65 years reported plasma antioxidant levels to be positively correlated with
physical performance and muscle strength (Cesari et al. 2004a). Other studies have
similarly reported positive associations between nutrients commonly found in FV,
and measures of muscle strength and physical function (Semba et al. 2003; Lauretani

et al. 2008). However, these studies all focused on nutrient intake or nutrient status
rather than considering actual FV consumption. Furthermore, these studies were
conducted in moderately-severely disabled women (Semba et al. 2003) or in
different population groups (Semba et al. 2003 ; Cesari et al. 2004a) and results may
not be applicable to other healthy older population groups. While a few studies have
examined the associations between FV consumption and physical function (Houston

et al. 2005 ; Myint et al. 2007; Tomey et al. 2008), they are further limited by the fact
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that they relied on FFQs to assess dietary intake and SR questionnaires to assess
general physical function rather than objective measures.

Overall, it would appear from the evidence that healthy, free living older adults are
often overlooked, yet it is this age group who tend to have reduced nutrient intake,
low levels of P A and who experience decline in muscle strength, physical function
and bone strength. Consequently, the aim of this chapter is to investigate activity
levels and patterns of activity in healthy, free living, older adults aged 65 years and
over, by both subjective (a SR questionnaire) and objective (tri-axial accelerometer)
measures. A comparative analysis will be carried out to compare time (hours/week)
spent in PA (moderate and vigorous intensity) as estimated by a SR questionnaire
with time spent in PA as measured by a tri-axial accelerometer. This chapter will
explore the relationship between measures of muscle strength (assessed by hand grip
strength), lower extremity physical function (assessed by the SPPB), bone markers

(CTX and QC) and P A (both accelerometry and SR questionnaire).

Potential

relationships between FV consumption, nutrient intake, nutrient status and physical
function, grip strength and PA will also be assessed. Finally, associations between
PA, physical function, muscle strength and other lifestyle and anthropometric factors

will also be explored.

6.2

MATERIALS AND METHODS

Refer to chapter 2 for full details of the study design, dietary intake assessments,
physical function and muscle strength assessments, PA methodology, blood sampling
procedures and laboratory methods.

236

Chapter 6

6.3

STATISTICAL METHODS

All statistical analyses were performed using SPSS for Windows version 17.0 (SPSS
Inc., Chicago, US). Descriptive summary statistics were calculated for each variable
of interest for the total sample and for males and females separately.

Normally

distributed continuous variables were summarised using mean and standard
deviation. Skewed variables were either presented as median and IQ range or were
logarithmically transformed for parametric analysis and summarised using the
geometric mean and IQ range. Comparisons between males and females were made
using independent samples t-tests and chi-square analysis for continuous and
categorical variables respectively.

The associations between measures of grip

strength, lower extremity physical function, P A (as recorded by accelerometry and
SR questionnaire), bone markers, nutrient intake, nutrient status and other physical
characteristics were tested using Pearson's correlation coefficients for normally
distributed variables or Spearman' s Rank correlation coefficients for skewed
variables. A Bland Altman plot was calculated to examine the level of agreement
between the two measures of PA (SR questionnaire and accelerometry).

Linear regression analyses (unadjusted and adjusted) were performed to examine the
relationships between grip strength, measures of lower extremity physical function,

PA and FV intake, nutrient intake and nutrient status. In the unadjusted univariate
regression analysis, relationships between variables were analysed separately, while
the mUltiple regression analyses accounted for the following confounding factors :sex, age, height, weight, smoking status, alcohol intake, PA (depending on the
outcome variable), current use of medication for osteoporosis and socio-economic
status (as assessed by years in full time education since age five years). The purpose
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of the multiple regression analysis was to identify independent predictors of grip
strength, overall physical function (SPPB score) and PA (accelerometry).

In the

multiple regression model, variables were added individually into the model and then
adjusted for the various confounding factors .

6.4

RESULTS

The current chapter was cross-sectional and presents data which was obtained during
week 1 of the 16 week FV intervention study.

The physical characteristics of

participants have already been presented in Chapter 4. In the current chapter, a total
of 81 participants were available for inclusion in the cross-sectional analyses. As
mentioned in Chapter 4, two participants with high levels of CRP (>20 mg/l) were
excluded. Data on grip strength was obtained from 53 females and 27 males, while
data on physical function was obtained from 53 females and 28 males. Self-reported

PA data was also available for 53 females and 28 males. Due to technical problems,
accelerometry data was only available for 50 females and 25 males.

For each

participant, accelerometry data was recorded over seven consecutive days, with the
exception of two participants for whom only six days of recordings were obtained,
again due to technical problems. For these two participants, a seven day average for

PA was calculated.

Twenty four of the participants also reported taking the

accelerometer off briefly at certain times of the day or week. Reasons given for
removal of the accelerometer were bathing or showering (n
going out to special event (n

=

1), using a sauna (n

=

=

6), sleeping (n

=

1),

1), accelerometer strap

loosening (n = 4), no reason given (n = 11).
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6.4.1

Baseline Levels of Muscle Strength, Physical Function, Physical Activity

and Bone Markers
Table 6.1 describes the baseline levels (week 1) of hand grip strength, physical
function, PA and bone markers of male and female participants.

In general,

individuals reported participating in six hours (median) of PA (moderate or vigorous
intensity) per week. Self-reported PA for the group as a whole ranged from 0 to 44
hours per week. However, the mean levels of activity for the group as a whole, as
recorded by accelerometry were considerably lower, with only 0.80 hours (median)
ofPA (moderate or vigorous intensity) being recorded (ranging from 0 hours to 8.93
hours per week).

Males had significantly higher grip strength than females

(p<O.OOl). Males also tended to be faster at completing the repeated chair stand than
females, although the difference only approached significance (p

=

0.08). No other

significant differences were evident between males and females in relation to
physical function or P A. Although some gender differences are evident, subsequent
analyses were performed on the group as a whole rather than by gender owing to the
small sample size and the limited number of male participants.

Gender was,

however, used as a potential confounder in later regression analyses.

Table 6.2 provides a detailed breakdown of the individual physical function
components of the SPPB score. The majority of participants obtained high scores in
the physical function tests which therefore resulted in high SPPB scores (median

10.0, IQ range 8.0, 11.0, refer to Table 6.1).

Table 6.3 summarizes the data obtained from the SR PA questionnaire and provides
a detailed breakdown of the number of individuals participating in various moderate

239

Chapter 6
and vigorous intensity physical activities. As expected, participation in PA was
higher during summer months than winter. Gender differences were evident with
significantly more females reporting time spent undertaking heavy housework
activity compared to males (p<0.01).

Of the 81 study participants, 27 (31%)

individuals reported not undertaking more than 2.5 hours of moderate - vigorous P A
per week, with nine (11 %) of these individuals reporting doing no moderate vigorous P A.
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Table 6.1: Descriptive characteristics of muscle strength, physical performance and
PA levels of study participants
All participants
(n max = 81)

Females
(n max =53)

Males
(n max =28)

p value

Grip strength
(kg)

28.72 (10.28)

23.22 (5.87)

39.13 (8.66)

<0.001 3

Standing balance
I
(score)

4.00 (4.00,4.00)

4.00 (4.00,4.00)

4.00 (4.00,4.00)

0.50

Walk time
(secs)

3.65 (1.82)

3.75 (1.92)

3.46 (1.64)

0.51

Chair stand time
(secs)

11.33 (4.73)

12.00 (5.31)

10.07 (3.11)

0.08

SPPB score
(scale 0-12,12= best)I,4

10.00 (8.00,11.00)

9.50 (7.25,11.00)

10.00 (8.00,11.00)

0.38

Total SR PA
(hrs/week)I,5

6.00 (2.00,11.5)

5.00 (1.00, 11.0)

9.38 (2.75, 11.9)

0.23

Total accelerometer PA

0.80 (0.20, 2.17)

0.70(0.17,1.91)

1.27 (0.37, 3.57)

0.14

Total accelerometer
activity (g/day)7,8

1.04(0.01)

1.04 (0.01)

1.04 (0.02)

0.67

Total accelerometer
activity (glweek)7 , 8

7.31 (0.08)

7.31 (0.08)

7.30 (0.09)

0.88

QC
(ng/ml)2

19.2 (12.4,27.7)

20.8 (16.8,27.9)

16.6 (11.0,20.4)

0.13

CTX
(ng/ml)2

0.46 (0.35,0.60)

0.47 (0.37,0.61)

0.44 (0.35,0.58)

0.79

(hrs/week) 1,6

Variables are summarised as mean (standard deviation) or I median (IQ range) or 2 variables are
logarithmically transformed and summarised as geometric mean (IQ range)
lSignificant difference between groups (males and females) using independent samples Hest
4 SPPB SCore== sum of balance score walk speed score and chair stand score
:Total moderate and vigorous inten~ity PA as estimated from SR questionnaire
Total moderate and vigorous intensity PA as measured by accelerometer
; Total activity (low, moderate and vigorous intensity) assessed by accelerometer
g =gravitational force (unit of movement/acceleration)
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Table 6.2: Individual measures of lower extremity physical function (components of
the SPPB score) by sex
All
participants
(n max = 80)

Females
(n max = 52)

Males
(n max = 28)

n (%)

n (%)

n (%)

0
2 (2.5)
2 (2.5)

0
1 (1.9)
1 (1.9)

0
1 (3.6)
1 (3.6)

5 (6.3)
71 (88.7)

3 (5.8)
47 (90.4)

2 (7.1)
24 (85 .7)

Walk test (secs)
0= Unable
1 = ~ 5, slowest
2=4
3=3
4=$2

0
14
18
30
18

0
2 (7.1)
10(35.7)
8 (28.6)
8 (28.6)

0.06

(17.5)
(22.5)
(37.5)
(22.5)

0
12 (23.1)
8 (15.4)
22 (42.3)
10 (19.2)

Chair stand test (secs)
0= Unable
1 = > 12.25, slowest
2= 12.25 - 10.01
3 = 10.00 - 9.01
4=$9.00

0
20 (25.0)
15(18.8)
11 (13.7)
34 (42.5)

0
16 (30.8)
8 (15.4)
8 (15.4)
20 (38.4)

0
4(14.3)
7 (25.0)
3 (10.7)
14 (50.0)

0.29

Standing balance
0= Unable
1 = Side by side but not semi-tandem
2 = Semi-tandem held for 10 secs but
not full tandem for > 2 secs
3 = Full tandem held for 3 -9 secs
4 = Full tandem held for 10 secs

I Comparison

p
1
value

0.92

between groups (males and females) using chi square test
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Table 6.3: Levels of participation in moderate and vigorous intensity PA as assessed

by SR PA questionnaire
Activity

No. of participants
(%)
n max = 81

No. of females
participating
(% of females)
n max = 53

No. of males
participating
(% of males)
n max = 28

p
value

Heavy housework

62 (77)

42 (79)

20 (71)

<0.01 1

DIY

16 (20)

6 (11)

10 (36)

0.26

Brisk or fast walking
- summer
- winter

29 (36)
29 (36)

17 (32)
17 (32)

12 (43)
12(43)

0.85
0.60

Cycling
- summer
- winter

4 (5)
3 (4)

2 (4)
1 (2)

2 (7)
2 (7)

0.92
0.67

Heavy gardening
- summer
- winter

31 (38)
10 (12)

12 (23)
3 (6)

19 (68)
7 (25)

1.00
0.09

Exercise!sport
- summer
- winter

28 (35)
27 (33)

14 (26)
14 (26)

14 (50)
13 (46)

0.31
0.99

Total activity
- summer
- winter

56 (69)
45 (56)

32 (60)
25 (47)

24 (86)
20 (71)

0.39
0.62

Total SR PA2

74 (91)

46 (87)

28 (100)

0.62

Total moderate activitl

72 (89)

45 (85)

27 (96)

0.92

Total vigorous activit/

30 (37)

15 (28)

15 (54)

0.59

TSignificant difference between groups (males and females) using independent samples t-test
2Total PA = Heavy housework + DIY + ((summer activity + winter activity)/2)
lModerate activity = heavy housework + DIY + brisk walking + cycling + heavy gardening.
4V'Igorous activity = exercise/sport.
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Table 6.4 presents descriptive statistics for the time spent participating in moderate

and vigorous intensity P A according to the SR questionnaire and the accelerometer.
Self-reported and accelerometer recorded PA did not differ significantly between
males and females . However, it is clearly evident that participants in general selfreported more time spent in moderate (mean difference 5.09 ± 6.26 hrs/week),
vigorous (mean difference 0.95 ± 1.82 hrs/week) and total PA (mean difference 6.04

± 6.80 hrs/week) per week compared to levels recorded by the accelerometer.
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Table 6.4: Differences in time (hours per week) spent participating in moderate and vigorous activities between SR questionnaire and
accelerometer
All participants
(n max = 74)

Females
(n max = 50)

Males
(n max = 24)

p value

Moderate activity

SR(hrs/wk)
Accelerometer (hrs/wk)
Difference (hrs/wk)

5.00 (1.25,9.25)
0.80 (0.20, 2.17)
+ 3.02 (0.73,8.23)

3.50 (1.00, 9.25)
0.70 (0.17, 1.78)
+ 2.42 (0.00,8.46)

6.25 (2.13, 9.75)
1.27 (0.37, 3.47)
+ 3.05 (1.45 ,8.16)

0.47
0.13
0.89

Vigorous activity

SR(hrs/wk)
Accelerometer (hrs/wk)
Difference (hrs/wk)

0.00 (0.00, 1.25)
0.00 (0.00, 0.00)
+ 0.00 (0.00,1.00)

0.00 (0.00, 0.58)
0.00 (0.00, 0.00)
+ 0.00 (0.00,0.37)

0.50 (0.00, 3.00)
0.00 (0.00, 0.00)
+ 0.15 (0.00,1.75)

0.10
0.82
0.35

Total moderate and
vigorous activity

SR(hrs/wk)
Accelerometer (hrs/wk)
Difference (hrs/wk)

6.00 (2.00,11 .50)
0.80 (0.20,2.17)
+ 4.41 (0.91,9.12)

5.00 (1.00,11.00)
0.70 (0.17,1.91)
+ 3.47 (0.00,9.83)

9.38 (2.75,11.90)
1.27 (0.37,3.57)
+ 5.55 (1.81,9.01)

0.23
0.14
0.87

Variables are summarised as median (interquartile range). Difference = difference in hours/week between SR questionnaire and accelerometer.
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Bivariate correlation analyses were performed to examine potential relationships
between P A, physical function, grip strength, bone markers and nutrient intake and
status in all participants.

6.4.2

Association

Between

Self-Reported

Physical

Activity

and

Accelerometer Recorded Physical Activity
Table 6.5 shows the results of the bivariate correlation to examine the association
between P A as estimated from the SR questionnaire and actual P A recorded by the
accelerometer. Both methods were significantly positively correlated with each other

(p<O.Ol ).

Figures 6.1 and 6.2 show a scatter diagram and Bland Altman plot respectively to
illustrate the level of agreement between the hours of activity from the SR
questionnaire and actual hours of activity recorded by the accelerometer. Unlike the
correlation presented in Table 6.5, it is evident from Figure 6.1, that as self-reported
PA increased, this was not reflected to the same level in the accelerometer recorded
PA. Time spent on P A as self-reported by participants generally exceeded the time
recorded by the accelerometer. Overall, there was a poor level of agreement between
the self-reported P A and the accelerometer recorded P A. The Bland Altman plot

(Figure 6.2) highlights that as the average level of the two PA measures increases (x
- axis), the difference between the two measures also increases (y - axis), with the SR
questionnaire increasingly overestimating activity compared to the accelerometer.
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Table 6.5: Correl ation betwe en total hours per week spent participating
in PA from
SR questi onnair e and total hours per week spent participating
in PA from
accelerometer
Total SR PA (hrs/week)l
Correlation coefficient

p value

0.37

<0.01

Total accele romet er activity 0.36
(g/we eki,4

<0.01

Total accele romet er PA
(hrs/w eek)2

Values are Spearm ans Rank correlation coefficients
n = 75 for compar isons.
I Total self-rep orted hours per week spent in
moderate and vigorous intensity PA
2 Total acceler ometer hours per week spent in
moderate and vigorous intensity PA
3 Total acceler ometer activity per week (low, modera
te and vigorous intensity)
4 g = gravita tional force (unit of accelera tion)
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Figure 6.1: Scatter diagram showing the relationship between PA data obtained by
accelerometry and P A data obtained by SR questionnaire
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6.4.3

Association Between Physical Activity, Muscle Strength and Physical

Function
Table 6.6 shows the correlation between measures of PA (from both the SR
questionnaire and accelerometer) and measures of grip strength and lower extremity
physical function.

As expected, self-reported PA (moderate-vigorous) was

significantly and positively correlated with grip strength (p<0.01) and negatively
correlated with walk speed (time taken to walk 8 feet) (p = 0.02).

Likewise,

accelerometer recorded P A was significantly and positively correlated with grip
strength (p

=

0.02). Time spent in moderate-vigorous activity as recorded by the

accelerometer also showed a significant negative correlation with time taken to
complete the repeated chair stand (p<O.Ol) and a positive correlation with overall
SPPB score (p<0.01). The accelerometer recorded activity (g/week), regardless of
intensity, similarly showed a significant negative correlation with walk speed (p

=

0.03) and a significant positive correlation with the overall SPPB score (p = 0.03).
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Table 6.6: Correlation between total PA and measures of grip strength and physical function

Total SR PA
(hrs/week) 1

Total accelerometer PA
(hrs/week) 2

Total accelerometer
activity (glweek)3,4

Correlation
coefficient

p value

Correlation
coefficient

p value

Correlation
coefficient

p value

Grip strength (kg)

0.32

<0.01

0.27

0.02

0.05 5

0.71

Standing balance (score)

0.20

0.08

0.23

0.05

0.04

0.72

N

VI

......

0.03

Walk speed (secs)

-0.27

0.02

-0.22

0.06

-0.26

Chair stand (secs)

-0.14

0.22

-0.36

<0.01

-0.21 5

0.07

SPPB scores

0.19

0.09

0.38

<0.01

0.25

0.03

Total self-reported hours per week spent in moderate and vigorous intensity PA
2 Total accelerometer hours per week spent in moderate and vigorous intensity P A
3 Total accelerometer activity per week (low, moderate and vigorous intensity)
4 g = gravitational force (measure of movement/acceleration)
5 SPPB score = Sum of standing balance score, walk speed score and chair stand score
Values are Spearmans Rank correlation coefficients with the exception of 5 which are Pearsons correlation coefficients.
nmax = 78 for grip strength and P A comparisons; nmax = 80 for all other comparisons.
I
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6.4.4

Association Between Bone Markers, Physical Activity and Physical

Function
Tables 6.7 and 6.8 show the associations between bone markers and PA , and bone

markers and physical function respectively.

In general, correlations with bone

markers were weak with coefficients ranging from -0.17 to 0.05. No significant
associations were evident with the exception of walk speed (time taken to walk 8
feet) which showed a significant negative correlation with QC (p = 0.04).

Table 6.7: Correlation between measures ofPA and bone markers

OC

CTX
(ng/ml)l

(ng/ml)l
Correlation
coefficient

p value

Correlation
coefficient

p value

Total SR PA
(hrs/week) 2

-0.14

0.23

-0.02

0.89

Total accelerometer
PA
(hrs/week) 3

-0.03

0.83

-0.06

0.64

Total accelerometer
activity
(g/week) 4, 5

0.05 6

0.68

0.48

Variables were log transformed
self-reported hours per week spent in moderate and vi~orous i~tensit~ PA
3 Total accelerometer hours per week spent in moderate and vigorous intensity PA
4 Total accelerometer activity per week (low, moderate and vigorous intensity)
5 g = gravitational force (measure of movement/acceleration)
.
6.
Values are Spearmans Rank correlation coefficients with the exception of which are Pearsons
correlation coefficients
nmax = 79 .
I

2 Total
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Table 6.8: Correlation between measures of muscle strength and physical function
and bone markers
QC
(ng/ml)l

CTX
(ng/ml)l
p value

Grip strength (kg)

Correlation
coefficient
-0.17

Standing balance (score)

p value

0.14

Correlation
coefficient
-0.07

0.00 2

0.97

-0.07 2

0.57

Walk speed (secs)

-0.23

0.04

-0.10

0040

Chair stand (secs)

-0.06

0.61

-0.10

0040

0.002

0.99

0.03 2

0.78

SPPB score

3

0.57

I Variables were log transformed
Values are Pearsons correlation coefficients with the exception of2 which are Spearmans Rank
correlation coefficients.
3 SPPB score = Sum of standing balance score, walk speed score and chair stand score

nmax = 79 .

Bivariate correlation analyses were also carried out to explore associations between
measures of hand grip strength, physical function, PA and FV intake, nutrient intake
and micronutrient status (Tables 6.9 - 6.15).

6.4.5

Association Between Fruit and Vegetable Intake and Muscle Strength,

Physical Function and Physical Activity
Table 6.9 presents results from the correlation analysis between FV intake and

measures of hand grip strength, physical function, PA.

The correlations were

generall y weak (coefficients ranged from -0.02 to 0.19) and no significant
associations were evident.
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Table 6.9: Correlation between measures of lower extremity physical performance
muscle strength and P A and FV intake
'

FV intake (portions/day)

Grip strength
(kg)

Correlation coefficient

p value

0.19

0.10

Standing balance
(score)

0.85

Walk speed
(secs)

-0.01

0.92

Chair stand
(secs)

0.09

0.43

SPPB score 2

0.011

0.96

Total SR PA
(hrs/week)3

0.03

Total accelerometer PA
(hrs/week)4
Total accelerometer activity
(g/weeki

1

0.79

0.11

0.08

0.52

Values are Pearson correlation coefficients with the exception of I which are Spearmans Rank
correlation coefficients.
2SPPB Score = Sum of standing balance score, walk speed score and chair stand score.
3Total self-reported hours per week spent in moderate and vigorous intensity PA
4Total accelerometer hours per week spent in moderate and vigorous intensity PA
5Total accelerometer activity per week (low, moderate and vigorous intensity)
nmax = 79 .
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6.4.6

Association Between Nutrient Intake, Nutrient Status and Muscle

Strength, Physical Function and Physical Activity
Table 6.10 presents the results from the correlation between hand grip strength,
physical function and macro nutrient intake.
positively correlated with grip strength (r
with chair stand time (r

=

-0.24, p

=

=

Energy intake was significantly and
0.36, p<O.Ol) and negatively correlated

0.04). In relation to lower extremity physical

function, protein intake was positively correlated with chair stand time (r = 0.24, P =
0.03) and negatively correlated with the SPPB score (r = 0.24, P = 0.03). Other
correlations between hand grip strength, physical function and macronutrient intake
were not significant and again were generally weak, with coefficients ranging from 0.16 to 0.16.

Likewise , the correlations between PA measures and macronutrient intake were weak
(Table 6.11 ). Significant negative correlations were only evident between SR PA
and total fat intake (r

=

-0.23 , p<O.Ol) and MUFA intake (r

=

-0.34, p<O.Ol), and

between accelerometer recorded activity and carbohydrate intake (r = -0.26, p =
0.03 ).
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Table 6.10: Correlation between measures of muscle strength and lower extremity physical performance and macronutrient intake
Grip strength
(kg)
Nutrients·
Energy (kcal/d)

Correlation
coefficient
0.36

Protein (gld)

Standing balance
(score)
p value
<0.01

Correlation
coefficiene
0.09

-0. 13

0.28

Total fat (gld)

0.06

SFA (gld)

Chair
(secs)

Walk speed
(secs)
p value
0.45

Correlation
coefficient
-0. 14

-0 .13

0.27

0.59

-0. 14

-0 .04

0.76

PUFA (gld)

0.08

MUFA (gld)

p value

SPPB score3

stand

0.22

Correlation
coefficient
-0.24

0.21

0.07

0.22

0.03

-0.01

0.95

0.49

-0 .06

0.07

0.54

Carbohydrate (gld)

-0 .09

Starch (gld)

p value
0.04

Correlation
coefficiene
0. 16

p value
0. 16

0.24

0.03

-0.24

0.03

0.83

0.10

0.37

-0.09

0.46

0.09

0.45

0.13

0.27

-0.08

0.47

0.62

-0.07

0.52

-0.05

0.70

-0 .05

0.69

-0.12

0.31

0.04

0.73

0.05

0.69

-0.05

0.70

0.46

0.12

0.31

-0.03

0.78

0.04

0.73

-0.05

0.70

0.03

0.78

-0.05

0.69

-0.16

0. 16

0.08

0.47

-0.02

0.88

Total sugars (gld)

-0.11

0.36

0.06

0.61

0.07

0.52

0.01

0.96

0.00

1.00

Dietary fibre (gld)

0.03

0.78

0.02

0.89

-0.01

0.96

0.15

0.21

-0.05

0.68

INutrient intakes were expressed per 1000 kcal of energy. Values are Pearson correlation coefficients with the exception of 2 which are Spearmans Rank correlation
coefficients. 3SPPB Score = Sum of standing balance score, walk speed score and chair stand score. nmax = 78
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Table 6.11 : Correlation between measures ofPA and macronutrient intake
SR total PA
(hrs/week)2

Total accelerometer
PA
(hrs/week)3

Total accelerometer
activity
(g/week)4

0.07

Correlation
coefficientS
-0.09

0.48

Nutrients!
Energy (kcal/d)

Correlation
coefficient
0.11

0.34

Correlation
coefficient
0.22

Protein (g/d)

0.10

0.39

-0.14

0.22

0.20

0.09

Total fat (g/d)

-0.23

0.04

-0.11

0.36

-0.21

0.07

SFA (g/d)

-0.20

0.07

-0.05

0.67

-0.20

0.09

PUFA (g/d)

-0.05

0.70

0.07

0.56

0.01

0.96

MUFA (g/d)

-0.34

<0.01

-0.15

0.20

-0.18

0.13

Carbohydrate (g/d)

0.02

0.86

0.08

0.50

-0.26

0.03

Starch (g/d)

0.02

0.86

0.10

0.39

-0.22

0.06

Total sugars (g/d)

0.04

0.74

-0.00

0.98

-0.08

0.49

Dietary fibre (g/d)

-0 .07

0.57

0.01

0.93

-0.08

0.53

p value

p value

p value

INutrient intakes were expressed per 1000 kcal of energy.
Total self-reported hours per week spent in moderate and vigorous intensity PA.
3 Total accelerometer hours per week spent in moderate and vigorous intensity PA
4 Total accelerometer activity per week (low, moderate and vigorous intensity)
5
Values are Spearmans Rank correlation coefficients with the exception of which are Pearsons
correlation coefficients.
n = 78 for nutrient intake and SR PA comparisons
n = 73 for nutrient intake and accelerometer comparisons

2
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Tables 6.12 and 6.13 show the associations between measures of grip strength,
physical function and PA and micronutrient intake. From both Tables 6.12 and

6.13, it is evident that associations were not consistent and for the majority of
nutrients, the correlations were weak and non-significant. No significant correlations
were evident between grip strength and micronutrient intake.

In relation to

individual measures of lower extremity physical function, dietary intakes of retinol
were negatively associated with standing balance (p = 0.02) while intakes of carotene
were positively associated with walk speed (p

=

0.02). Time taken to complete the

chair stand was not significantly associated with micronutrient intake. Correlations
between SPPB score and micronutrient intake were non-significant with the
exception of carotene intake which showed a significant negative association with
SPPB score (p = 0.03). In relation to measures of PA (Table 6.13), no significant
correlations were evident, with the exception of intakes of vitamin C, vitamin B\2
and folate which were positively associated with total accelerometer recorded
activity (p = 0.02, p = 0.03 and p = 0.03 respectively).
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Table 6.12: Correlation between measures of lower extremity physical performance and muscle strength and micronutrient intake
Grip strength (kg)
(n = 76)

Standing balance
(score) (n = 78)

Walk speed (secs)
(n = 78)

Chair stand (secs)
(n = 78)

SPPB Score3
(n = 78)

Nutrients l
Vitamin C (mg/d)

Correlation
coefficient
-0.03

0.79

Correlation
coefficiene
0. 14

0.22

Correlation
coefficient
0.08

p
value
0.5 1

Correlation
coefficient
0.14

p
value
0.22

Correlation
coefficiene
0. 11

0.34

Retinol (llg/d)4

0.04

0.76

-0.26

0.02

0.00

0.99

0.12

0.32

-0 .07

0.52

Carotene (llg/d)4

-0.03

0.80

-0.15

0.18

0.27

0.02

0.20

0.08

-0.25

0.03

Vitamin E (llg/d)4

0.11

0.35

-0.15

0. 19

0.00

0.99

0.05

0.66

-0.04

0.75

Vitamin 0 (Ilg/dt

0.20

0.09

0.12

0.28

-0. 16

0.18

-0.12

0.28

0.05

0.69

Vitamin K (llg/d)4

0.04

0.72

0.03

0.81

-0.11

0.36

-0.02

0.85

0.13

0.27

Vitamin B6 (mg/d)

-0.14

0.22

0.04

0.76

-0.02

0.84

0.10

0.38

-0.06

0.62

Vitamin BI2 CIlg/d)4

0.06

0.62

-0.04

0.74

0.05

0.70

0.08

0.50

-0.12

0.30

Folate CIlg/d)

-0.12

0.32

0.02

0.87

-0.18

0.12

0.05

0.68

0.02

0.87

Calcium (mg/d)

-0.17

0.14

-0.05

0.67

-0.01

0.91

0.13

0.26

0.01

0.93

Potassium (mg/d)

-0.08

0.50

0.01

0.91

-0.01

0.96

0.12

0.31

-0.01

0.96

p value

p value

INutrient intakes were expressed per 1000 kcal of energy.
Values are Pearson correlation coefficients with the exception of2 which are Spearmans Rank correlation coefficients.
3SPPB Score = Sum of standing balance score, walk speed score and chair stand score.
4Variables were skewed therefore values were log transformed.
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Table 6.13: Correlation between measures ofPA and micronutrient intake

Total SR PA
(hrs/week)2
(n = 79)

Total accelerometer PA
(hrs/week)J
(n = 73)

Total accelerometer
activity
(g/week) (n = 73)4

0.26

Correlation
coefficientS
0.27

0.02

Nutrients
Vitamin C (mg/d)

Correlation
coefficient
0.18

0.11

Correlation
coefficient
0.13

Retinol (!lg/d)6

-0.17

0.14

0.06

0.63

0.09

0.47

Carotene (!lg/d)6

0.02

0.87

-0.04

0.75

-0.08

0.50

Vitamin E (!lg/d)6

-0.16

0.16

0.02

0.85

-0.08

0.48

Vitamin D (!lg/d)6

-0.06

0.62

-0.06

0.59

0.00

0.98

Vitamin K (!lg/d)6

-0.17

0.14

0.13

0.28

0.12

0.31

Vitamin 8 6 (mg/d)

0.04

0.70

-0.09

0.43

0.14

0.22

Vitamin 8 12 (!lg/d)6

0.00

0.99

-0.06

0.62

0.25

0.03

Folate (!lg/d)

0.08

0.50

0.01

0.94

0.26

0.03

Calcium (mg/d)

0.04

0.73

0.07

0.58

0.11

0.38

Potassium (mg/d)

0.01

0.91

0.04

0.76

0.07

0.58

l

p value

p value

p value

INutrient intakes were expressed per 1000 kcal of energy.
2Total self-reported hours per week spent in moderate and vigorous intensity PA.
3 Total accelerometer hours per week spent in moderate and vigorous intensity PA
4 Total accelerometer activity per week (low, moderate and vigorous intensity)
5
Values are Spearmans Rank Correlation coefficients with the exception of which are Pearsons
Correlation coefficients.
6Variables were skewed therefore values were log transformed.
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A correlation analysis was also performed to examine the association between
micronutrient status and measures of grip strength and physical function and PA
(Tables 6.14 and 6.15). As shown in Table 6.14, micronutrient levels were not
associated with grip strength.

In relation to physical function, significant

associations were evident with 2S(OH)D levels. Firstly, in relation to individual
measures of physical function, standing balance showed a positive association with
2S(OH)D levels (p

=

0.03). Conversely, chair stand performance showed a negative

association with 2S(OH)D levels (p = 0.01). Secondly, overall SPPB score showed a
positive correlation with 2S(OH)D levels (p<O.Ol). Table 6.15 shows significant
associations between specific antioxidants and measures of PA. Total carotenoid
status showed a significant positive association with both self-reported PA and
accelerometer recorded PA (hrs/week) (p<O.Ol and p

=

0.04 respectively). Vitamin

C concentrations were also positively associated with accelerometer recorded PA
(both for hours/week and g/week) (p = 0.04 and p = 0.02 respectively). Serum levels
of a-carotene were positively associated with self-reported PA while levels of ~
carotene were positively associated with both self-reported PA and accelerometer
recorded activity (hrs/week) (p = 0.01 and p = 0.04 respectively).

The positive

association between lycopene and both measures of PA (hrs/week) approached
significance (p

=

0.06 and p = O.OS respectively).
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Table 6.14: Correlation between measures of lower extremity physical performance and muscle strength and micronutrient status
Grip strength (kg)
(n = 74)

Standing balance
(score) (n = 76)

Walk speed (secs)
(n = 76)

Chair stand (secs)
(n = 76)

SPPB score 2
(n = 76)

Vitamin C ( Ilmo lll)

Correlation
coefficient
-0.13

p
value
0.27

Correlation
coefficiene
0.03

p
value
0.77

Correlation
coefficient
-0.19

p
value
0.10

Correlation
coefficient
-0.04

p
value
0.72

Correlation
coefficiene
0.21

p
value
0.07

Total carotenoids (Ilmo lll)3

-0 .07

0.57

0. 10

0.37

-0.08

0.49

-0.03

0.82

-0.01

0.92

Lutein (Ilmo lll)

-0.05

0.71

0.04

0.76

0.07

0.55

0.04

0.75

-0.05

0.65

Zeaxanthin (Ilmo lll)

-0.12

0.33

0.14

0.23

-0. 14

0.21

-0.05

0.68

-0.01

0.91

(3-cryptoxanthin (Ilmolll)

-0.21

0.08

0.01

0.91

-0.09

0.44

0.17

0.14

-0.03

0.82

a-carotene (IlmolJl)

0.03

0.79

0.08

0.50

-0.02

0.84

-0.05

0.67

0.07

0.55

(3-carotene (Ilmolll)

-0.05

0.70

0.05

0.69

0.04

0.75

-0.02

0.84

0.01

0.96

Lycopene (Ilmol/ l)

-0 .02

0.87

0.09

0.42

-0.13

0.25

-0.02

0.87

-0.02

0.90

Retinol (Ilmolll)

-0. 12

0.33

-0.09

0.45

-0.11

0.34

-0 .07

0.58

0.06

0.62

Folate (nmolll)

-0.01

0.91

0.05

0.67

-0.10

0.41

-0.10

0.40

0.18

0.12

Vitamin B I2 (pmolll)

-0.09

0.47

0.03

0.83

-0.15

0.20

-0.06

0.64

0.00

0.99

25(OH)D (nmol/l)

-0.09

0.45

0.25

0.03

-0 .21

0.07

-0.29

0.01

0.32

<0.01

Values are Pearson correlation coefficients with the exception of t which are Spearmans Rank correlation coefficients. A ll variables were skewed and were therefore log transformed.
2SPPB Score = Sum of standing balance score, walk speed score and chair stand score. JTotal carotenoids = a- + p-carotene + P-cryptoxanthin + lutein + zeaxanthin+ lycopene.
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Table 6.15: Correlation between measures ofPA and micronutrient status
Total SR PA
(hrs/week)1
(n = 77)

Total accelerometer PA
(hrs/week)2
(n = 71)

Total accelerometer
activity
(g/week)3 (n = 71)

Correlation
coefficient

p value

Correlation
coefficient

p value

Correlation
coefficient4

p value

Vitamin C
(Il molll )

0.09

0.45

0.24

0.04

0.28

0.02

Total carotenoids

0.30

<0.01

0.24

0.04

0.13

0.27

0.12

0.29

0.17

0.15

-0.02

0.90

0.10

0.38

0.24

0.04

0.06

0.59

p-cryptoxanth in
(Il molll )

0.03

0.81

0.15

0.22

0.06

0.62

a-carotene

0.27

0.02

0.18

0.14

0.12

0.30

p-carotene
(Il molll )

0.28

0.01

0.25

0.04

0.15

0.21

Lycopene

0.22

0.06

0.23

0.05

0.09

0.43

Retinol
(Il molll )

-0 .01

0.91

0.00

0.98

0.05

0.69

Folate
(nmolll)

0.05

0.68

0.19

0.11

0.04

0.76

Vitamin BI2
(pmolll)

0.08

0.47

-0.02

0.87

0.01

0.94

25(OH)D

0.09

0.46

0.17

0.15

0.15

0.21

(Ilmol/l)5

Lutein
(Ilmol /l)

Zeaxanthin
(Ilmol /l)

(Ilmol/l)

(Ilmol/l)

(nmolll)
All micronutrients were log transformed .
I Total self-reported hours per week spent in moderate and vigorous intensity PA.
2Total accelerometer hours per week spent in moderate and vigorous intensity PA
3 Total accelerometer activity per week (Iow, moderate and vigorous intensity)
4
Values are Spearmans rank correlation coefficients with the exception of which are Pearsons correlation
coefficients.
5Total carotenoids = Ci- + ~-carotene + ~-cryptoxanthin + lutein + zeaxanthin+ Iycopene.

263

Chapter 6

6.4.7

Association Between Muscle Strength, Physical Function, Physical

Activity and Non-Dietary Related Factors
Correlation analyses were performed to examine potential associations between
measures of grip strength and physical function and other known anthropometric,
physical and lifestyle factors. From Table 6.16, it is apparent that both height and
weight were positively associated with grip strength (p<0.001).
consumption was positively associated with grip strength (p

=

Alcohol

0.02), while HDL

concentration was negatively associated with grip strength (p = 0.04). In relation to
physical function, age was positively correlated with time to complete both the walk
test and chair stand (p<0.001 and p<O.Ol respectively) and negatively correlated with
standing balance and overall SPPB score (p = 0.001 and p<O.OOl respectively). HDL
concentrations also showed a positive correlation with SPPB score (p<0.01).

Likewise, a correlation analysis was carried out to examine associations between the
measures of P A and other known anthropometric, physical and lifestyle factors. As
shown in Table 6.17, age was negatively correlated with time spent in moderatevigorous PA as recorded by the accelerometer (p

= 0.02) while height was positively

correlated with time spent in PA (p = 0.04). HDL also showed a positive association
with both hours/week spent in moderate or vigorous activity and total activity
(g/week) as recorded by the accelerometer (p

=

0.01 and p<O.Ol respectively). In

contrast, triglycerides were negatively associated with both hours/week spent in
moderate or vigorous activity and total activity (g/week) as recorded by the
accelerometer (p = 0.02 and p<O.Ol respectively).
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Table 6.16: Correlation between measures of muscle strength and lower extremity physical performance and other lifestyle factors
Grip strength (kg)
(n = 75)

Standing balance (score)
(n = 78)

Walk speed (secs)
(n = 78)

Chair stand (secs)
(n = 78)

SPPB (scorei
(n = 78)

Age (years)

Correlation
coefficient
-0.03

p
value
0.82

Correlation
coefficiene
-0.35

p
value
0.001

Correlation
coefficient
0.42

<0.001

Correlation
coefficient
0.34

<0.01

Correlation
coefficiene
-0.41

<0.001

Sex

-0.74

<0.001

0.08

0.51

0.08

0.51

0.20

0.08

-0.08

0.52

Height (m)

0.70

<0.001

-0.01

0.95

-0. 15

0.20

-0.19

0.10

0.13

0.25

Weight (kg)

0.43

<0.001

0.01

0.96

-0.02

0.88

-0.07

0.54

0.02

0.89

BMI (kg/m2)

0.05

0.69

-0.03

0.78

0.08

0.49

0.04

0.72

-0.11

0.36

Smoking status

0.19

0.10

-0.10

0.38

0.03

0.79

-0.08

0.48

-0.10

0.40

Alcohol intake
(units/week)

0.40

0.02

0.03

0.88

-0 .19

0.28

-0.31

0.07

0.25

0.16

eRP (mg/I)3

-0.04

0.74

0.03

0.82

0.13

0.27

0.00

0.98

-0.14

0.24

8-iso Prostaglandin F2u
(nmol/mmol
creatinine) 3

-0.13

0.26

-0.10

0.37

0.02

0.88

0.05

0.67

-0.17

0.14

Total cholesterol
(mmol/I)

-0.20

0.09

0.11

0.35

0.02

0.89

0.06

0.60

0.03

0.79

HDL (mmol/l)

-0.23

0.04

0.15

0.19

-0.22

0.05

-0.20

0.08

0.35

<0.01

Triglycerides
(mrnol/l)3

-0.09

0.44

-0.07

0.58

0.16

0.16

0.20

0.07

-0.14

0.23

p value

p value

p value

Values are Pearson correlation coefficients with the exception of [ which are Spearrnan Rank correlation coefficients. 2SPPB score = Sum of standing balance score, walk
speed score and chair stand score. 3Variables were skewed therefore values were log transformed. BMI = Body mass index; HDL = High density lipoprotein.
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Table 6.17: Correlation between measures of PA and other lifestyle factors
Total SR PA
(hrs/week)'
(n ma • = 81)

Total accelerometer P A
(hrs/week)2
(n ma • = 75)

Total accelerometer
activity
(g/weekt (n ma • = 75)

0.02

Correlation
coefficiene
-0.13

0.27

p value

p value

Age (years)

Correlation
coefficient
-0 .08

0.48

Correlation
coefficient
-0.27

Sex

-0.18

0.10

-0.16

0.16

0.02

0.88

Height (m)

0 .15

0.17

0.24

0.04

0.02

0.86

Weight (kg)

-0.06

0.58

0.01

0.91

-0.08

0.52

-0.19

0.09

-0.14

0.24

-0. I 0

0.41

Smoking status

0 .03

0.80

-0.06

0.62

-0.03

0.82

Alcohol intake
(units/week)5

0.23

0.17

0.10

0.57

0.16

0.37

eRP (mgll)5

-0 .14

0.21

-0.11

0.35

-0.01

0.94

8-iso Prostaglandin
F2a (nmollmmol
creatinine )5

-0 .12

0.29

0.03

0.80

-0.11

0.36

Total cholesterol
(mmol/l)

-0 .09

0.41

-0.01

0.96

0.00

0.99

HDL (mmoll1)

0 .20

0.08

0.29

0.01

0.40

<0.01

Triglycerides
(mmolll)5

-0.22

0.05

-0.28

0.02

-0.33

<0.01

BMI (kglm

2
)

p value

ITotal self-reported hours per week spent in moderate and vigorous intensity PA.
2Tota l accelerometer hours per week spent in moderate and vigorous intensity PA
3 Total accelerometer activity per week (low, moderate and vigorous intensity)
Values are Spearmans rank correlation coefficient with the exception of 4 which are Pearsons correlation
coefficients.
5Variables were log transformed .

266

Chapter 6

6.4.8

Regression Analyses

Tables 6.18 and 6.19 presents the results of the regression analyses (unadjusted and
adjusted) for the relationship between selected nutrients, selected lifestyle variables
and selected outcome measures of grip strength and SPPB score. These analyses
were performed to determine what variables were independent predictors of grip
strength and lower extremity physical function. Variables of interest which had a p
value <0. 10 for either grip strength or SPPB score in the correlation analysis were
entered into the unadjusted regression model. Each variable was then separately
adjusted for potential confounding factors which include,d sex, age, height, weight,
smoking status, alcohol intake, PA (accelerometer hours/week), use of medication
for osteoporosis and socio-economic status (based on years in full time education).
This was to account for possible multi-collinearity among variables. No interaction
terms were added to the model. The unadjusted analyses showed similar associations
to the correlation analysis. Grip strength was significantly and positively associated
with total energy intake (p<0.01), self-reported PA (p

=

0.01), accelerometer

recorded activity (p

=

alcohol intake (p

0.04). SPPB score was significantly and positively associated

=

0.04), sex (p<O.OOl), height (p<O.OOl), weight (p<0.001) and

with total energy intake (p
PA (p

=

=

0.04), 25(OH)D concentration (p

=

0.01), self-reported

0.02) and accelerometer recorded activity (p<O.OOl) and negatively

associated with protein intake (p<O.Ol), total carotene intake (p<O.Ol), and age
(p<O.OOl). However, after adjusting for confounding factors, significance was lost
for both grip strength and SPPB, with the exception of p-cryptoxanthin which
showed a significant association with SPPB score (p = 0.02). This finding shows
that for every 10 fold increase in the geometric mean of p-cryptoxanthin, the SPPB
Score increases by 45%.
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A regression analysis (unadjusted and adjusted) was also performed to examine the
relationship between selected nutrients, selected lifestyle variables and PA (measured
by accelerometry). The results of these analyses are presented in Table 6.20. As
before, variables of interest with a p value of <0.10 in the correlation analysis for the
accelerometer (hours/week) were entered into the unadjusted regression model and
then separately adjusted for potential confounding factors .

In the unadjusted

analysis, PA (hrs/week from accelerometer) was significantly and positively
associated with levels of vitamin C (p<0.01), total carotenoids (p = 0.03) and
zeaxanthin (p

=

0.04). A significant positive relationship was also evident between

accelerometer recorded activity and self-reported PA (p<0.0 1), grip strength (p

=

0.04), balance score (p<0.01) and SPPB score (p<O.OOl). In contrast, there was a
negative relationship between accelerometer PA and time taken to complete the walk
test (p<0.001) and chair stand test (p

=

0.001). HDL was positively associated with

accelerometer P A while triglyceride concentrations were negatively associated with
PA (p

=

0.03 and p = 0.01 respectively). Significant positive associations were also

evident between accelerometer recorded PA and total SR PA (p<0.0 1). However,
after adjusting for sex, age, height, weight, smoking status, alcohol intake and current
use of medication for osteoporosis, few significant relationships remained. The only
exceptions were SR PA (p = 0.01) and levels of HDL (p = 0.03) which showed a
significant positive relationship with accelerometer recorded PA and walk speed
which showed a significant inverse relationship with PA (p = 0.02).
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Table 6.18: Re~ression analysis (unadjusted and adjusted) to examine the relationship
between hand gnp strength, selected nutrients, PA and other variables of interest
Grip Strength (kg)
Adjusted!

Unadjusted
B (95%CI)

p value

R2

B (95% Cl)

P value

Total energy intake:
per 100 kcaUd increase

1.08 (0.43,1.74)

<0.01

0.13

0.34 (-0.75,1.43)

0.52

Total protein intake:
per g/l OOOkcal/d increase

-0.17 (-0.48,0.14)

0.28

0.016

0.04 (-0.51,0.60)

0.88

Carotene intake:
2
per 10 fold increase

-0.85 (-7.32,5.62)

0.80

0.001

-2.67 (-14.62,9.28)

0.65

Vitamin D intake:
per 10 fold increase 2

7.05 (-1.09,15.18)

0.09

0.039

7.21 (-5.52,19.94)

0.25

Vitamin C status (J.1molll):
2
per 10 fold increase

-5.68 (-15.79,4.43)

0.27

0.017

2.20 (-18.96,23.35)

0.83

p-cryptoxanthin (J.1mol/I):
2
per 10 fold increase

-6.68 (-14.19,0.82)

0.08

0.042

-1.82 (-12.81,9.18)

O. 73

25(OH)D (nmoUI):
2
per 10 fold increase

-5 .00 (-18.04, 8.04)

0.45

0.008

-15.83 (-35.32,3.67)

0.11

SR total PA: per hr/week
.
2
Increase

1. 79 (0.44,3.13)

0.01

0.086

0.90 (-1.49,3.28)

0.45

Total accelerometer PA: per
hr/week increase 2

1. 71 (0.09,3.33)

0.04

0.061

-0.70 (-3.74,2.34)

0.64

Total accelerometer activity:
per g/week increase

8.18 (-19.11,35.46)

0.55

0.005

-13.93 (-48.87,21.01)

0.42

Age: per yr increase

0.002 (-0.46,0.46)

0.99

0.000

-0.42 (-1.25,0.41)

0.31

Sex: male (ref group female)

15.40 (12.08,18.71)

<0.001

0.54

10.59 (-2.27, 23.46)

0.10

Height: per cm increase

0.86 (0.65,1.07)

<0.001

0.467

17.80 (-67.12, 102.7)

0.67

0.30 (0.15,0.46)

<0.001

0.169

0.12 (-0.18, 0.42)

0.41

Weight: per kg increase

3.82 (0.24,7.40)

0.04

0.125

-0.47 (-4.29, 3.35)

0.80

Alcohol intake : per unit/week
increase 2

-1.54 (-3 .54,0.46)

0.13

0.03

-2.32 (-4.82,0.18)

0.07

Total cholesterol :
per mmoUI increase

0.09
-7.44 (-16.16,1.28)
0.05
0.07
-5.47 (-11.31,0.37)
HDL:
per mmoUI increase
Each variable was separately adjusted for sex, age, height, weight, smoking status, alcohol intake, PA (ac~elerometry
hours/week), current use of medication for osteoporosis and socio-economic status .. The.effe~t of each vanable was
~onsidered separately in the adjusted model. This was to account for possible mult!-colhneanty.
Variables were log transformed. n = 76.
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Table 6.19: Regression analysis (unadjusted and adjusted) to examine the relationship
between SPPB score and selected nutrients, PA and other variables of interest
SPPB (score)!
Unadjusted

Adjusted

2

p
value
0.04

R2

B ratio of geometric

mean {95% Cl}
1.02 (1.00, 1.04)

0.055

mean {95% Cl}
0.99 (0.96, 1.02)

p
value
0.54

Total protein intake: per
g/1000kcalld increase

0.99 (0.98, 1.00)

<0.01

0.088

1.00 (0.99,1.02)

0.61

Carotene intake: per 10 fold
.
!
mcrease

0.79 (0.66, 0.94)

<0.01

0.084

0.84 (0.58,1.23)

0.35

Vitamin D intake: per 10 fold
.
I
mcrease

1.10 (0.87,1.39)

0040

0.009

0.92 (0.60,1.40)

0.68

Vitamin C status (f..lmolll):
per 10 fold increase I

1.22 (0.91,1.64)

0.17

0.025

1.76 (0.95,3.28)

0.07

p-cryptoxanthin (f..lmolJl):
per 10 fold increase I

1.06 (0.86,1.31)

0.5 8

0.004

1.45 (1.07,1.97)

0.02

25(OH)D (nmolJl):

1.59 (1.11,2.27)

0.01

0.081

1047 (0.77,2.80)

0.22

SR total PA: per hr/week
increase I

1.04 (1.01,1.08)

0.02

0.068

1.02 (0.94,1.11)

0.55

Total accelerometer PA: per
hr/week increase I

1.08 (1.04,1.13)

<0.001

0.168

1.09 (0.99,1.20)

0.09

Total accelerometer activity:
per g/week increase

2.25 (1.05,4.81)

0.04

0.058

2044 (0.77,7.68)

0.12

Age: per yr increase

0.97 (0.96,0.98)

<0.001

0.240

0.98 (0.95,1.00)

0.09

1.06 (0.92,1.21)

0.41

0.009

1.04 (0.69,1.57)

0.86

Sex: male

1.71 (0.78,3.77)

0.18

0.023

0.87 (0.06,13.24)

0.92

Height: per m increase

1.00 (0.99,1.01)

0.60

0.003

1.00 (0.99,1.01)

0.93

Weight: per kg increase

1.06 (0.96,1.17)

0.22

0.043

0.99 (0.87,1.11)

0.80

Alcohol intake: per unit
increase I

1.0 I (0.95, \.07)

0.72

0.002

0.97 (0.89,1.06)

0049

Total cholesterol:
per mmolll increase

1.17 (0.99,1.38)

0.06

0.064

0.99 (0.73,1.34)

0.95

HDL: per mmolll increase

B ratio of geometric
Total energy intake: per
100kcal/d increase

per 10 fold increase

l

Variables were log transformed therefore all B values (95% Cl) presented as B ratio of geo.metric mean (95% Cl).
2Each variable was separately adjusted for sex, age, height, weight, smoking sta~us, a\Coho.1 mtake, total PA
(accelerometry hours/week), current use of medication for osteoporosis and soc\O-econ~mlc stat~s. T~e ef~ect of each
variable was considered separately in the adjusted model. This was to account for pOSSible multl-collmeanty. n = 78.
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Table 6.20: Regression analysis (~nadjusted and adjusted) to examine the relationship
between tota.l PA (moderate and VigorOUS activity) as recorded by accelerometry and
selected nutnents, P A and other variables of interest
Total accelerometer PA l (hrs/week)
Adjusted 2

Unadjusted
R2

Ratio of geometric
mean (95% Cl)

value

0.038

1.00 (0 .85,1.18)

0.99

<0.01

0.098

5.16 (0.29,91.93)

0.25

4.13 (1.16,14.75)

0.03

0.067

1.55 (0.19,12.43)

0.66

Zeaxanthin (Ilmolll): per 10 fold
.
Increase

3.57 (1.1 0,11.65)

0.04

0.063

3.91 (0.60,25.51)

0.15

p-carotene (Ilmol/I): per 10 fold
increase'

2.21 (0.85,5.71)

0.10

0.039

1.27 (0 .19,8.58)

0.80

Lycopene (Ilmol/l): per 10 fold
increase'

2.16 (0.94,4.99)

0.07

0.047

1.23 (0.36,4.18)

0.73

Total SR PA: per hr/week
increase'

1.32 (1.11,1.58)

<0.01

0.119

1.43 (1.09,1.88)

0.01

Age: per yr increase

0.90 (0.85,0.96)

<0.01

0.125

0.89 (0.79,1.00)

0.05

Height: per cm increase

1.04 (1.00,1.09)

0.08

0.043

1.05 (0.93,1.18)

0.40

HDL: per mmol/I increase

2.51 (1.07,5.89)

0.03

0.063

3.49 (1.16,10.49)

0.03

Triglycerides: per mmolll
increase'

0.43 (0.23,0.84)

0.01

0.086

0.53 (0.19,1.47)

0.21

Grip strength: per kg increase

1.04 (1.00,1.07)

0.04

0.061

0.98 (0.92,1.06)

0.64

Balance score: per score increase'

5.34 (1.53,18.71)

<0.01

0.090

1.80 (0.25,13.00)

0.54

0.70 (0.59,0.83)

<0.001

0.192

0.73 (0.57,0.94)

0.02

Walk speed: per sec increase

0.89 (0.82,0.95)

0.001

0.142

0.90 (0.73,1.12)

0.34

Chair stand : per sec increase

7.99 (2.70,23.64)

<0.001

0.168

5.23 (0.76,35.84)

0.09

SPPB: per score increase'

Ratio of geometric
mean (95%CI)

value

Total energy intake: per 100
kcal/d increase

1.09 (0.98,1.22)

0.10

Vitamin C (Ilmolll): per 10 fold
.
Increase

7.53 (1.73,32.89)

Total carotenoids (Ilmolll): per 10
fold increase'

,

,

p

p

Variables were log transformed therefore all B values (95% Cl) presented as B ratio of geometric mean (95% Cl). n -73.
2Each variable was separately adjusted for sex, age, height, weight, smoking status, alcohol i~take, current use of
medication for osteoporosis and socio-economic status. The effect of each variable was consIdered separately In the
adjusted model. This was to account for possible multi-col linearity.

271

Chapter 6
6.5

DISCUSSION

This chapter provides detailed information on PA habits in a sample of healthy, free
living older adults aged over 65 years living in NI. The chapter provides a crosssectional analysis of PA, physical function and muscle strength in older adults. A
comparative analysis was performed to examine differences between two methods
for assessing habitual PA: SR questionnaire versus seven day accelerometer. Finally,
an exploratory analysis was performed to examine potential associations between FV
consumption and between nutrients (both dietary intake and status) and muscle
strength and physical function in older adults.

6.5.1

Influence of Age and Gender on Muscle Strength, Physical Function and

Physical Activity
This study has shown a negative association between age and PA. In addition, age
appeared to have a strong negative influence on individual measures of physical
function which included balance, walk speed and the ability to rise up from a chair.
Other studies have also reported a decline in muscle strength and physical function
with age (Young et al. 1985; Samson et al. 2000; Forrest et al. 2005).

Muscle

strength decline with progressing age is inevitable and is regarded as a normal
consequence of ageing (Stanner & Denny 2009).

Apart from age-related decrements, gender also had an important influence on grip
strength, with males exhibiting significantly higher levels than females. Males also
completed the chair stand in a faster time than females. These gender differences in
grip strength concur with findings from previous studies (Bassey et al. 1988; Gunther

et al. 2008 ; Robinson et al. 2008). Differences in grip strength between males and
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females may be attributed to various factors including energy intake, body
composition and P A. Men also tend to have greater muscle mass than women. As
reported in chapter four, males were significantly taller and heavier and had higher
energy intakes compared to females. Results in the current analyses confirmed that
height and weight, and, to a lesser extent energy intake, were strong determinants of
grip strength in older adults. The type of PA undertaken by males and females may
also have a bearing on muscle strength.

6.5.2

Types of Physical Activity Reported by Older Adults

The SR questionnaire provided an insight into the types of activities being
undertaken by males and females and also seasonal variation in participation.
Although the types of physical activities did not differ significantly between males
and females , some variations were evident. A greater proportion of females reported
doing heavy housework, whilst there was a trend towards a greater proportion of
males reporting participation in other activities which included gardening, DIY,
cycling, sport/exercise, walking. This possibly reflects traditional gender-specific
roles of this age group. In females the most commonly reported activities were
heavy housework, followed by brisk or fast walking, exercise/sport, heavy gardening
(summer), DIY and cycling. These results are similar to those reported in the British
Women's Heart and Health Study by Lawlor et al. (2002), which used the same
questionnaire as in the current study, where the most commonly reported activities of
females aged 60 - 79 years were heavy housework, followed by physical exercise
and brisk walking.

Another UK-based study also noted that light and heavy

housework was the main activity undertaken by community dwelling women aged 65
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years and over (Harris et al. 2009b).

Similar findings were also reported in the

Health Survey for England (2008).

Unsurprisingly, a greater proportion of participants in the current study reported
undertaking activity in the summer compared to the winter, thus reflecting the
influence of weather conditions and environment on PA uptake.

These seasonal

differences in PA have previously been reported (Goodwin et al. 2001; Yasunga et
al. 2008).

6.5.3

Levels of Physical Activity in Older Adults

In the current study, mean levels (hours/week) of participation in moderate and
vigorous P A, as assessed by questionnaire, exceeded current recommendations (> 2.5
hours per week of moderate-vigorous PA) for achieving health benefits. However, a
third of participants were not achieving the recommendations. The self-reported PA
levels observed in the current study are somewhat similar to levels reported in other
studies involving older adults, although these estimates will depend on the tool used
to assess PA (Lawlor et al. 2002; Bruce et al. 2002; Yasunga et al. 2008; Harris et al.
2009b). The 2001 NI Health and Social Wellbeing Survey reported that only 20% of
men and 17% of women in the 65 - 74 age group in NI were meeting the PA
guidelines (NI Statistics and Research Agency, 2001). Another UK-based study of
560 community dwelling adults (recruited from a single GP practice) aged over 65
years old, also found that 62% of individuals self-reported no moderate activity and
only 2.5% achieved the recommended levels (Harris et al. 2009b). In contrast, the
British Women' s Heart and Health Study, Lawlor et al. (2002) reported that 66.7%
of women aged 60 - 79 years (n = 2341 women) were adhering to the recommended
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2.5 hours of activity per week as assessed by SR questionnaire. A lack of adherence
to recommendations is of concern, particularly as surveys have also documented
steady declines in PA levels with advancing age (National Statistics Office , 2004·,
Health Survey for England, 2008).

Findings from the current study, however, question the accuracy of self-reported
activity. When PA was measured by accelerometry, the results revealed much lower
levels of moderate-vigorous P A than what was self-reported, with 81 % of
participants (18 males (72%) and 43 females (86%» undertaking less than 2.5 hours
of moderate-vigorous intensity activity per week. Other studies which used objective
measures such as accelerometry to measure P A similarly reported much lower P A
levels (Troiano et al. 2008; Slootmaker et al. 2009). A recent European study (the
Better Ageing project), which used accelerometry to measure PA, reported that
77.3% of older adults aged 70 years and over (n

= 161) participated in less than 30

minutes of accumulated moderate to vigorous PA per day compared to 37.8% of
young adults aged 20 - 37 years (n = 45) (Davis & Fox 2007), with participants
reporting a mean of 19.9 minutes/day of moderate-vigorous activity (16.7 ± 12.2 for
males and 23.8 ± 20.0 minutes/day for females). In addition, they found that 83.7%
of older females and 74.3% of older males did not do any vigorous activity (>6.2
METS). This study however was in a slightly older age group and therefore findings
are not directly comparable to the current study (Davis & Fox 2007).

6.5.4

Correlation Between Accelerometry and Self Report Questionnaire

Accurately assessing PAis a major challenge within research studies and there is
ongoing debate surrounding the most suitable method to measure P A particularly in
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older adults (Washburn, 2000). In the current study, there was a marked difference
between accelerometry and self-reported PA. Although the SR questionnaire was
significantly and positively correlated (r = 0.37, p<O.OI) with the accelerometer
measurements, this correlation only reveals the strength of the relationship between
the two methods. More informatively, the Bland Altman plot which assessed the
level of agreement between the two methods (Bland & Altman 1986) revealed that
substantial over-reporting occurred with the questionnaire. In the current study there
was a difference of 4.41 hours/week (~265 minutes/week) in total moderate-vigorous
activity between the SR questionnaire and the accelerometer.

This finding

undoubtedly questions the usefulness of SR questionnaires in accurately quantifying
PA in older adults. However, no PA assessment method is perfect. Limitations also
exist with accelerometry measurements and these will be considered later in the
discussion.

It is difficult to directly compare the current findings with other studies due to

differences in age groups (Craig et al. 2003; Friedenreich et al. 2006; Boon et al.
2008; Slootmaker et al. 2009) and health status of participants (McDermott et al.
2000; 10hnson-Kozlow et al. 2006). In addition, there is wide variation in the types
of SR questionnaires and accelerometers used, the number of days measured, the
classifications of PA intensity and units of measurement, for example counts/day,
METs/day, hours/day, minutes/week, kcal/day. However a similar trend does appear
in that the correlation between the SR questionnaire and the accelerometer is similar
to that observed in another recent comparative study in older adults (Harris et al.
2009a).

A recent systematic review by Prince et al. (2008) also showed low-to-

moderate correlations between SR questionnaires and direct measures of PA. As
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regards level of agreement, a recent study by Slootmaker et al. (2009) which was
conducted in 236 adolescents (age 12 - 18 years) and 301 adults (age 22 - 40 years)
from Amsterdam also observed large variations between self-reported time spent in
PA (moderate and vigorous) and accelerometer measurements. In the adults, there
was a mean difference of 107

± 334 minutes/week and

169

± 250

minutes/week for

moderate and vigorous PA respectively, between reported time spent on PA and time
recorded by the accelerometer. Likewise, in a study of 159 women (average age 57
years) diagnosed with breast cancer, 10hnson-Kozlow et al. (2006) reported that the
IPAQ questionnaire overestimated moderate PA by 225 minutes/week (239%) and
vigorous PA by 31 minutes/week (342%) compared to the accelerometer. Another
study of 304 individuals from Sweden, Finland, England and the US also noted a
difference of 773 minutes/week activity (3.5 times higher) between the IPAQ
questionnaire and the accelerometer (Craig et al. 2003). Recent findings from the
Health Survey for England (2008) found that 41 % and 44% of males and females
respectively aged 16 years and over who self-reported participation in at least 30
minutes of moderate intensity P A on at least five week days were actually in the low
activity category when assessed by accelerometry.

Results from the NHANES

survey also showed that activity estimates from SR questionnaires were considerably
higher than accelerometer-recorded activity (Troiano et al. 2008).

This over-estimation of activity levels by SR questionnaires may have important
implications, particularly since many of the health surveys which documented agerelated declines in P A levels relied solely on SR questionnaires to assess P A (Craig

et al. 2003; National Statistics Office, 2004). If these surveys had employed more
objective measures such as accelerometry, it is highly possible that the activity levels
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reported would have been somewhat lower. Although the evidence throws doubt on
the validity of SR questionnaires for measuring total PA levels, a recent study by
Harris et al. (2009a) suggest that SR questionnaires may be more useful for ranking
individuals according to levels of activity, rather than recording absolute levels.

6.5.5

Association Between Muscle Strength, Physical Function and Physical

Activity

The results

showed a significant positive correlation between PA (both

accelerometry and SR) and grip strength. Likewise, positive relationships were also
evident between P A and measures of lower extremity physical function. This would
suggest that increased PA may contribute to improved muscle strength, balance,
faster walk speed and ability to rise up from a chair more quickly.

However,

significance was lost with both grip strength and physical function after adjusting for
confounding factors .

The current findings show some consistency with other

epidemiological studies. In 1988, Bassey et al. noted a positive association between
habitual activity and muscle strength in 122 males and females, aged 65 years and
over. Similarly, findings from the larger UK population-based Hertfordshire Cohort
Study showed that self-reported habitual PA equated to improved muscle strength
and physical function in older women but not men (Martin et al. 2008). In a more
recent cross-sectional study of 346 individuals (mean age 71 ± 8.3 years) with and
without peripheral arterial disease, McDermott et al. (2002) found that higher SPPB
scores

were

significantly associated with increased PA (as assessed by

accelerometer), after adjusting for confounding factors .
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A number of intervention studies have also reported beneficial effects of PA on
muscle strength and physical function (Lord et al. 1995; Campbell et al. 1997). A
community type intervention program in 197 Australian women aged 60 - 85 years,
found that those who participated in aerobics twice a week, over a period of 12
months had improved balance, co-ordination and muscle strength compared to
controls (Lord et al. 1995). Another controlled trial in 233 community dwelling
women, aged 80 years and over, also showed positive effects of an individuallytailored, home-based programme of strength and balance retraining exercises on
physical function after six months. The exercises were undertaken three times per
week with each session lasting 30 minutes.

At six months, participants in the

exercise group showed greater improvements in both balance and chair stand test
performance compared to the control group. They also noted a subsequent reduction
in the number of reported falls and injuries after one year (Campbell et al. 1997).
Another 12 month community-based randomized controlled trial, in 163 males and
females aged over 65 years, also showed that those who participated in a group
exercise program (one hour per week) with ancillary home exercises had better
balance and decreased rates of falling after 12 months compared to controls (Barnett

et al. 2003). However, they found no difference in strength, reaction time, walk
speed or self-reported P A after the 12 month period.

In this study though, all

participants were recruited from general practices and hospitals and were classed as
being at increased risk of falling. Another recent study by Kerse et al. (2008) also
showed no effect of an activity programme, which was based on activities of daily
living, on physical function.

However, the study had a number of limitations.

Although there were a large number of participants (n = 682), they were all recruited
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from residential care homes and were frail. In addition, study compliance was poor
and physical function was assessed by questionnaire rather than by direct measures.

The effect of P A on muscle strength and physical function is also likely to depend on
the type, intensity and duration of the activity being undertaken. A cross-sectional
analysis of 3075 adults aged 70 - 79 years concluded that those who participated in
20 - 30 minutes of moderate intensity activity on most week days (as assessed by
questionnaire) had better physical function compared to those who were inactive or
active throughout the day (Brach et al. 2004). A meta-analysis of studies which
measured gait speed also suggests that the benefits of exercise on gait speed may
depend on the intensity and dose of the activity (Lopopolo et al. 2006).

Evidence from prospective studies also suggests a dose response relationship
between PA and physical function whereby, in order to reap greater benefits, an
individual needs to maintain consistent levels of PA over a period of time.

A

population-based prospective study in 358 Swedish adults aged 50 - 80 years, noted
that those who remained active over a 10 year period retained better balance
compared to those who remained inactive (Daly et al. 2008).

Another study by

Brach et al. (2003) also reported that older women who remained active over a 14
year period had better overall functional status compared to inactive individuals.
They also observed a positive relationship between PA and walk speed over the 14
year period. However, it is difficult to compare these results with the current study
due to their longitudinal design.
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6.5.6

Association Between Energy Intake, Fruit and Vegetable Intake,

Nutrient Intake and Muscle Strength and Physical Function
Apart from grip strength, energy intake was also significantly correlated with faster
chair stand time, suggesting an association with improved muscle strength in both the
lower and upper extremities.

Furthermore, energy intake also appeared to be a

determinant of overall physical function (SPPB score). These results suggest that
older adults should maintain adequate levels of energy intake in order to preserve
muscle strength and physical function. This finding somewhat supports that of the
InCHIANTI study where it was also observed that low energy intake was associated
with frailty in 802 older adults, aged 65 years and over (Bartali et al. 2006).

In the current study, no significant associations were evident between FV intake and
grip strength, physical function or PA and correlations were weak. Similarly, among
the nutrients examined (both status and intake), few consistent associations were
evident in either the correlation analysis or regression analysis.

In the multiple

regression analysis however, we did observe a significant, association between

p-

cryptoxanthin and overall physical function, after adjusting for confounding factors,
which somewhat support the findings of other studies which have showed positive
associations between specific antioxidants and physical function (Semba et al. 2003;
Cesari et al. 2004a). However, it is difficult to interpret the current findings due to
mUltiple comparisons, which are likely to have introduced Type 1 errors.

Failure to observe a significant association between FV intake and muscle strength
and physical function does not conclusively suggest that FV intake has no beneficial
effect on muscle strength and physical function. It is important to re-iterate that the
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current analyses were performed at baseline and therefore the participants would
have been consuming low intakes (S 2 portions) of FV. This would consequently
have biased the results and possibly explains why no strong associations were
evident. In contrast to our findings, four other cross-sectional studies all reported
positive associations between FV consumption and physical function (Houston et al.
2005; Myint et al. 2007; Tomey et al. 2008) or serum carotenoids and physical
function (Semba et al. 2003). However, since some of these studies recruited women
with varying degrees of disability (Semba et al. 2003) or involved multi-ethnic
populations (Houston et al. 2005; Tomey et al. 2008), whilst the studies examining
FV relied on SR questionnaires to assess physical function and FFQ to assess FV
consumption, extrapolation to the current study is difficult.

6.S.7

Mechanism for Decline in Physical Function, Muscle Strength and

Physical Activity
The findings discussed so far highlight the prevalence of low levels of PAin this
sample of healthy older adults and suggest that this may adversely affect physical
function and muscle strength. Although the mechanism through which age affects
physical function and muscle strength is not fully defined, the associations observed
support the view that physical function decline involves multiple pathophysiological
pathways. The apparent interplay between age, height, weight, energy intake, PA,
physical function and muscle strength also supports the cycle of frailty proposed by
Fried et al. (2005) . This hypothesis suggests that the decline in PA with age and
decrease in resting metabolic rate occurs as a result of a decrease in metabolically
active cells and weakness through muscle loss. PA thus becomes more challenging
and changes in body composition further exacerbate the decline in habitual activity
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levels.

This decrease in P A may also cause a decline in energy intake, which

consequently affects mitochondrial function and potentially causes further loss in
muscle.

Overall, this would suggest that maintaining adequate levels of energy

intake and P A are important in order to preserve muscle strength and physical
function.

Although this study focuses primarily on modifiable factors that may potentially
contribute to age-related decline in muscle strength and physical function, it is
important to acknowledge other factors that may also play a role. These include
decreased mitochondrial function (Lanza & Nair 2009; Short 2009); oxidative stress
and inflammation (Visser et al. 2002; Semba et al. 2007c) (although we saw no
association between CRP and isoprostanes and physical function), neuronal and
hormonal changes (Vandervoort, 2002; Szulc et al. 2004), decreased muscle protein
synthesis and impaired glucose and/or fatty acid metabolism (Barreiro et al. 2006),
factors that are all common to sarcopenia in ageing. In addition, decreased levels of

PA with age may be attributed to other psychological factors such as fear of falling
or injury, lack of motivation, lack of time and misconceptions about PA (Brawley et
al. 2003; Schutzer & Graves 2004).

6.5.8

Association Between Bone Markers, Physical Activity and Physical

Function
The current study showed no significant association between PA and OC or CTX,
although these were only cross-sectional analyses. In contrast, intervention studies
have shown that changes in bone status may depend on the type and intensity of the

PA being undertaken. Lanyon (1996) identified that short periods of high, rapidly
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changing strains were more important than long periods of more controlled repetitive
activity, in increasing bone mass. Furthermore, previous studies have consistently
shown that weight-bearing activity or high peak strain activity has an osteogenic
effect on bone. A systematic review of randomized controlled trials by Wall ace &
Cumming (2000) showed positive effects of exercise training on bone mass in
postmenopausal women and demonstrated that weight bearing exercise or resistance
training could slow down the rate of bone loss at the spine.

All of the studies

examined, focused on BMD rather than bone markers, but a recent intervention study
by Maimoun et al. (2008) also suggested that PA may have a positive effect on bone
markers. This intervention study demonstrated that an aerobic training programme
could reduce serum bone ALP but not QC or urinary type 1 collagen telopeptide,
although the study had a small sample size (n = 13) and a short intervention duration
(8 weeks). In addition, all participants were given a vitamin C and E supplement
during the intervention period which may have influenced the results.

In contrast to our results, another cross-sectional study in 530 healthy premenopausal
women reported a significant association between daily P A levels and the bone
formation markers QC and PINP but not serum CTX, after adjusting for age and
BMI (Adarni et al. 2008a).

In this study however, PA was only assessed by

questionnaire rather than by a direct measure and all participants were
premenopausal women.

Longitudinal studies have also reported positive associations between PA and bone
health. Adami et al. (2008b) reported a 25% increase in serum levels of QC and
PINP in 24 healthy sedentary pre-menopausal women who had participated in a four
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week community exercise program compared to 18 age matched controls. Other
studies also noted positive associations, however, these focused on BMD rather than
bone markers.

The prospective Dubbo Osteoporosis Epidemiology Study in 827

women aged over 60 years, found that those who were physically inactive lost more
bone per year compared to inactive women. In this study however, PA was only
measured at baseline and the follow up period varied from 0.8 to 4.2 years (Nguyen
et al. 1998). Similarly, the population-based study by Daly et al. (2008) also noted

that those who remained active over a 10 year period experienced lower rates of bone
loss compared to those who remained inactive. These findings therefore suggest that
in order to attenuate the rate of bone loss, an individual needs to maintain habitual
activity over an extended period of time (Daly et al. 2008). However, it is difficult to
compare these results with the current study due to their prospective design and the
fact that they relied on SR questionnaires to measure PA. In addition, there is a lot of
heterogeneity between studies due to different bone measurement sites, different
follow up periods and different population groups.

6.5.9

The Influence of Other Lifestyle and Non-Dietary Related Factors on

Physical Function
The results suggest that increased PA and physical function may have a beneficial
influence on lipid profile. This is reflected by the positive relationship observed
between HDL and both lower extremity physical function (SPPB score) and PA. In
contrast, a significant negative correlation was evident between PA and triglyceride
levels.

Furthermore, the relationship between HDL and PA remained significant

after adjusting for sex, age, height, weight, smoking status, alcohol intake, current
use of medication for osteoporosis and socio-economic status. This finding is in
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agreement with results from the ilSIRENTE study (Landi et al. 2007). This study
which also used the SPPB to assess physical function, showed that increased levels
of HDL were associated with greater functional performance in 364 older Italian
adults aged 80 years and over. However, after adjusting for a variety of confounding
factors they only found independent associations between the 4 m walk test and
SPPB and HDL-cholesterol.

A decline in HDL cholesterol has previously been thought to be an indicator of
frailty and reduced physical well-being in older adults (Volpato et al. 2001; Onder et
al. 2006). In addition, other studies have also noted that institutionalized or
community dwelling older adults with functional impairment and chronic disease
often have low levels ofHDL (Nikkila & Heikkinen 1990; Wall ace & Colsher 1992).

6.5.10

Strengths of the Study

There are many strengths of the current study. A unique aspect was that an extensive
range of data was collected in relation to PA, physical function, muscle strength and
bone health, thus enabling us to examine interactions between these four
components. Unlike many other studies, which relied on subjective questionnaires to
assess muscle strength and physical function (Houston et al. 2005; DemarkWahnefried et al. 2006; Myint et al. 2007; Tomey et al. 2008; Morey et al. 2009),
the current study used direct performance-based measures which are less likely to be
influenced by affective, social or cognitive factors: the SPPB assessed three different
aspects of lower extremity physical function (walk speed, balance and ability to rise
up from a chair repeatedly (chair stand)), while hand grip strength assessed general
muscle strength.

The SPPB was chosen to measure physical function as it is
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regarded as a robust, reliable and objective performance test and has previously been
shown to be a strong predictor of subsequent disability in non-disabled community
dwelling older adults aged 71 years and over (Guralnik et al. 1995). Likewise, hand
grip strength is frequently used as an indicator of general muscle strength (Rantanen
et al. 1994) and is thought to be a strong predictor of both disability and mortality

(Rantanen et al. 1999, 2003).

Habitual PA was assessed by two methods:

subjectively by SR questionnaire and objectively by tri-axial accelerometer, which
provided a performance-based measure of PA. Although both measures have distinct
limitations, combining the two techniques enabled us to gain a greater insight into
actual P A behaviour compared with perceived PA.

Utilizing both methods also

enabled us to undertake a more in-depth exploratory analysis of PA, thus integrating
different components of P A from each measure.

In addition, measures of grip

strength, physical function and the SR P A questionnaire were all carried out on the
same day thus enabling direct comparison of results.

The wealth of dietary data obtained from the 7-day diet history and biochemical
measurements of nutrient status also meant that we could examine both FV
consumption i.e. whole food and individual nutrients (both intake and status) in
relation to muscle strength and physical function.

In addition, a wide range of data was obtained on potential confounding factors, as
well as measurements of markers of inflammation and oxidative stress, all of which
may play a potential role in physical function decline and loss in muscle strength.
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Unlike many other studies which examined measures of physical function and
muscle strength in middle aged adults (Stafford et al. 1998; Tomey et al. 2008), older
homebound adults (Sharkey et al. 2003) or those with certain degrees of disability
(Alipanah et al. 2009), the current study recruited healthy, free living older men and
women, aged 65 years and over, thus making our findings more applicable to healthy
older populations.

6.5.11

Limitations of the Study

Limitations were evident within the study and thus need to be considered when
interpreting the results. The main limitations relate to the cross-sectional design of
the analyses, the sample size and the methodology used to assess P A and physical
function.

Firstly, the cross-sectional analyses mean that only associations can be made rather
than causal inferences.

The small sample size and the small number of male

participants in comparison to females limits our ability to show associations and to
generalize the findings to larger populations.

The methodology used to assess PAin the current study may have influenced the
results. Although the use of two measures of P A yielded a wealth of information, it
is important to highlight that neither the accelerometer not the SR questionnaire are
recognized as 'gold ' standards for measuring PA.

Both methods have inherent

weaknesses and therefore only relative comparisons can be made between the two
techniques. SR questionnaires are prone to recall error, overestimation due to social
desirability and misconception regarding time spent in PA (Sallis & Saelens, 2000).
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In older adults, other factors such as hearing, cognitive ability, information
processing speed, mood and anxiety may also affect responses (Rikli, 2000).
Individuals in the current study experienced difficulty in quantifying the duration of
time in various physical activities over a typical week and also over different seasons
(summer and winter). This was particularly evident for activities such as walking.
Participants found it much easier to quantify time spent in sports activity or in
structured and memorable activities, such as activities carried out at a specific time
or on a specific day. Previous studies have similarly shown that routinely performed
household activities, for example cooking and gardening are easier for individuals to
recall than more intermittent habitual activities such as walking (Pols et al. 1997;
Friedenreich et al. 2006; Slootmaker et al. 2009).

It is possible that the

classifications of the activities in the questionnaire may have been too vague, for
example

'heavy'

housework

versus

'light'

housework,

thus

resulting

in

misinterpretation. Furthermore, the questionnaire used did not assess the intensity of
PA or the duration of individual bouts of activity. In addition, the questionnaire only
reflected participation in specific activities (Lawlor et al. 2002) and therefore may
not have fully captured all activities undertaken.

Alternatively, it cannot be ruled out that the accelerometer may have underestimated
habitual PA as a result of technical error or poor compliance. For example, in 12 of
the current participants, technical problems with the accelerometer resulted in no
data being recorded, however in these instances, the participants were asked to wear
a replacement accelerometer for a further seven day period.

Overall though,

accelerometry data was only obtained from 75 participants. All participants were
asked to wear the accelerometer 24 hours/day for seven consecutive days including
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swimming, bathing and sleeping. The accelerometer was well-tolerated (only one
participant complained of skin irritation and six participants noted that a red light on
the accelerometer came on periodically). All participants wore the accelerometer for
the seven day period. Previous research has shown that 3 - 5 days of accelerometer
measurements is sufficient in order to reliably estimate habitual PAin adults (Trost
et al. 2005). However, 24 of the participants did report taking the accelerometer off

briefly at certain times of the day or week. Despite brief periods of removal of the
accelerometer, the level of compliance otherwise in the current study was high and
similar to that reported in previous studies (range 62 - 92%) (Davis & Fox 2008;
Slootmaker et al. 2009). Apart from technical problems, the accelerometer may also
have failed to detect specific bodily movements thus resulting in under recording.
Requesting participants to complete a seven day log of activity whilst wearing the
accelerometer may have proved useful (Ferrari et al. 2007) as we could have
compared accelerometer readings in parallel with reported activities.

Error may also have been introduced between the two methods when classifying
activities into moderate and vigorous intensity. For example, MET equivalents were
applied to the accelerometer measurements to define intensity cut offs, whereas the
SR questionnaire relied on individual perception of the duration and intensity of the
activity and classified activity into simple categories, for example, vigorous activity
incorporated all sports/exercise activity.

Limitations are also evident with the measures of physical function and muscle
strength. Although grip strength provides a good approximation of total body muscle
strength, it may not have fully captured body composition in the lower extremities
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(Cesari et al. 2006). Furthermore, participants in the current study exhibited high
levels of muscle strength and lower extremity physical function as reflected by the
high levels of grip strength and high SPPB scores. It is therefore possible that the
measures used were not sensitive enough in order to discriminate between
individuals. Mean SPPB score in the current study was similar to that reported by a
much larger study conducted in individuals aged over 65 years. Lauretani et al.
(2008) reported a mean SPPB score of 10.1 (S.D. 2.8) in 948 males and females aged
over 65 years, although the mean grip strength of participants in that study was lower
than the current study.

A potential explanation for the high levels of physical

function in the current participants may be related to overall healthier lifestyles.
Participants in the current study were recruited as healthy, free living individuals to
participate in a FV intervention study. It is therefore possible that the participants
may have represented a more health conscious population who had greater physical
function than their age group norms. The results of this study may therefore not be
generalizable to all older adults.

6.6

CONCLUSIONS

In summary, the study found low levels of moderate and vigorous intensity PA in
this sample of healthy, free living older adults. The findings show that the majority
of older adults in the current study failed to accumulate more than 2.5 hours of
moderate-vigorous activity per week, as assessed by accelerometry. This highlights
the prevalence of inactivity in older adults.

Although gender and age undoubtedly influence muscle strength, physical function
and PA, the current results also underscore the importance of adequate energy intake
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and increased PAin later life for maintaining muscle strength and physical function.
Encouraging older people to maintain adequate energy intakes and to increase their
PA may prove beneficial in order to maintain muscle strength and physical function.
Furthermore, increasing PA may have a favourable effect on lipid profile,
particularly HDL in older adults.

Given the physical and health related benefits

associated with higher levels of PA, the current findings highlight a need for
interventions and health promotion strategies to focus on increasing activity in
healthy older adults. Such interventions should be tailored specifically to the needs
of this age group, in terms of type and intensity of P A, with the aim of maintaining or
improving physical function and muscle strength and thus enhancing physical
wellbeing and overall quality of life. The seasonal differences observed in PA also
highlight the need to focus on promoting activities that can be undertaken during
both summer and winter months, for example dancing and swimming. The lack of
association between P A and bone markers indicates the need for further research to
examine what types of habitual activities can create sufficient mechanical strain in
order to optimize bone health in older adults.

This chapter has also highlighted the inherent difficulties associated with assessing
PA and the differences that can occur between two different measurement
techniques. In the current study, there was considerable dissimilarity between the
subjective (SR questionnaire) and the objective (accelerometer) measure of PA.
While SR questionnaires remain useful for assessing the types of activity being
undertaken and for ranking activity (Westerterp, 2009), accelerometry may be a more
objective method of assessing different aspects of PA (frequency, duration and
intensity) in older adults.
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This cross sectional chapter also provides a further insight into the relationships
between specific nutrients and muscle strength and physical function.

Although

there were no apparent associations between FV intake and muscle strength or
physical function, the findings are not conclusive.

Further research is needed,

particularly through appropriately powered and robustly designed intervention
studies, in order to fully elucidate whether increasing FV intake and associated
nutrients may have a beneficial effect on physical function and muscle strength.
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The Effect of Increased Fruit and Vegetable
Consumption on Physical Function and Muscle
Strength in Older Adults: the Ageing and
Dietary Intervention Trial (ADIT)
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7.1

INTRODUCTION

The previous chapter found no association between FV intake and muscle strength or
physical function among older adults who consumed <2 portions FV/day, recruited
to take part in a FV intervention study. Other studies have, however, suggested that
increased FV consumption may have a beneficial effect on muscle strength and/or
physical function.

Although observational evidence suggests that increased FV

consumption may be associated with improved physical function and muscle strength
(Houston et al. 2005; Myint et al. 2007; Dawson-Hughes et al. 2008; Lauretani et al.
2008; Tomey et al. 2008), to our knowledge, this hypothesis has not yet been fully
tested in dietary intervention studies involving free living older adults. A number of
intervention studies have been conducted, however these have focused either on the
effect of an overall healthy lifestyle on physical function (Demark-Wahnefried et al.
2006; Morey et al. 2009) or on the effects of antioxidant supplements on exercise
performance and post exercise recovery rather than physical function (Clarkson &
Thompson 2000).

The exact mechanism through which FV intake may influence physical function and
muscle strength is not thoroughly understood, although it may be related to their high
antioxidant and carotenoid content which may protect against oxidative stress and
inflammation (Mecocci et al. 1999; Cesari et al. 2004b).

The aim of this chapter is to test the hypothesis that increased consumption of FV
can have a positive effect on measures of physical function and muscle strength in
healthy older adults aged 65 years and over.

This chapter also examines the

correlation between change in nutrient intake and change in muscle strength and
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physical function over the 16 week period.

The potential associations between

change in markers of inflammation and oxidative stress and change in physical
function and muscle strength will also be explored.

7.2

MATERIALS AND METHODS

Refer to chapter 2 for details of the study design, techniques used to assess lower
extremity physical function and muscle strength (hand grip strength), dietary intake
assessments, blood sampling procedures and laboratory methods.

7.3

STATISTICAL METHODS

All statistical analyses were performed using SPSS for Windows version 17.0 (SPSS
Inc., Chicago, US). Descriptive summary statistics were calculated for each variable
of interest according to FV allocation group.

Normally distributed continuous

variables were summarised using mean and standard deviation.

Comparisons

between groups (2 portions versus 5 portions) were made using independent samples
t-tests and chi-square analysis for continuous and categorical variables respectively.
The associations between changes in measures of lower extremity physical
performance and changes in FV intake, nutrient intake and nutrient status were tested
using Pearson correlation coefficients.

7.4

RESULTS

In the current chapter, a total of 81 participants were available for inclusion. As
mentioned in previous chapters, two participants with high levels of CRP (>20 mg/l)
were excluded.
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7.4.1

Baseline Levels of Physical Activity, Physical Function and Muscle

Strength
Table 7.1 describes the physical characteristics of participants in relation to total
self-reported PA (hours/week), total PA as recorded by accelerometry, hand grip
strength (in kg) and measures of lower extremity physical function as assessed by the
SPPB (standing balance score, time taken to complete 8-foot walk test and time
taken to complete chair stand) according to allocated FV group. The mean summary
score determined from the SPPB is also presented.

Participants in both groups

reported similar mean baseline levels of total PA as assessed by SR questionnaire.
At baseline, hand grip strength was significantly higher in those allocated to the 5
portions/day group compared to the 2 portions/day group (p<O.OOl). In relation to
individual measures of lower extremity physical function, as assessed by standing
balance, walk speed and the chair stand test, there were no significant differences
evident between the two groups at baseline. Likewise the SPPB score determined for
lower extremity physical function did not differ significantly between the two groups
at baseline.
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Table 7.1: Total PA, muscle strength and physical performance at baseline
according to FV allocation.
2/day
(n max = 38)

5/day
(n max = 40)

p
value l

Total PA (hrs/weeki

7.25 (7.05)

8.86 (9.01)

0.38

Total PA (g/week)3

1.039 (0.013)

1.039 (0.014)

0.70

Grip strength (kg)

24.05 (8.03)

33.16 (10.30)

<0.001

Standing balance (score)4

0.54

1
2
3
4

0(0%)
1 (3%)
3 (8%)
34 (89%)

2 (5%)
1 (3%)
2 (5%)
35 (88%)

Walk speed (secs)

3.55 (1.47)

3.70 (2.13)

0.72

Chair stand test (secs)

11.53 (4.37)

10.88 (4.59)

0.52

SPPB (score)5

9.03 (2.14)

9.40 (2.32)

0.46

I P value represents significant difference between groups (2 portions/day and 5 portions/day)
using independent samples Hest for continuous variables and chi-square test for categorical
variables.
2 Total PA assessed by SR questionnaire
3 Total PA assessed by accelerometry: g = measure of gravitational force
Variables are summarised as mean (standard deviation) or 4 n (%)
5 SPPB score = sum of standing balance score + walk speed score + chair stand score. SPPB score
ranges from 3 -12 .
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7.4.2

Change in Muscle Strength, Physical Activity and Physical Function

During the Intervention
Table 7.2 presents the mean values at week 0 and week 16 for gnp strength
performance, walk speed and chair stand times and the score assigned for standing
balance, for the two intervention groups. The mean SPPB score at week 0 and week
16 is also presented. The mean change in lower extremity physical function (from
both individual measures and SPPB score) over the course of the 16 week
intervention did not differ significantly between the two groups.

However, the

difference in change in grip strength between the two intervention groups appeared
to approach significance (p

=

0.05) with those in the 5 portions/day group tending to

show a larger change in grip strength over the course of the intervention compared to
those in the 2 portions/day group. As grip strength differed between the intervention
groups at baseline, reanalysis using a general linear model, with final grip strength as
the dependent variable, and initial grip strength and portion as predictors, confirmed
the effect of FV on grip strength (p

=

0.02).

Change in PA was not directly

measured over the course of the intervention, however eight participants (three
participants in the 5 portions/day group and five participants in the 2 portions/day
group) did report an increase in PA while two participants (one in the 5 portions/day
group and one in the 2 portions/day group) reported a decrease in P A over the 16
week intervention period.
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Table 7.2: Physical performance and muscle strength at baseline and during intervention according to FV allocation.
2/day (nmax = 38 )

5/day (nmax = 40)

WeekO

Week 16

Change baseline
- 16 weeks'

Week 0

Week 16

Change baseline
- 16 weeks'

p value for change
2
baseline-16 weeks

Grip strength (kg)

24 .05 (8.03)

24.28 (8.55)

0. 11 (3 .26)

33 . 16 (10.30)

35.20 (10.57)

2.04 (5 .16)

0.05

Balance (n) 3:
Score I
Score 2
Score 3
Score 4

0
I
3
34

0
3
3
32

2
I
2
35

0
I
4
35

Walk speed (secs)

3.55 (1.47)

3.76 (1.64)

0.21 (1.44)

3.70 (2.13)

3.65 (1.39)

-0.05 (1.50)

0.44

Chair stand (secs)

11.53(4.37)

11.14 (4.17)

0.03 (3.60)

10.88 (4.59)

10.25 (4.52)

-0.63 (4.04)

0.46

SPPB (score)4

9.03 (2. 14)

9.03 (1.86)

-0. 11 (2.07)

9.40 (2 .32)

9.45 (1.91)

0.05 (1.65)

0.71

0. 11

'Change calculated as week 16 - week O.
2p value represents significant difference in change from wk 0 - wkl6 between groups (2 portions/day and 5 portions/day) using independent samples t-test for continuous
variables and chi square test for categorical variables.
Values represent mean (SO) except for 3 which is n.
4S PPB score = sum of standing balance score + walk speed score + chair stand score. SPPB score ranges from 3-12.
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A bivariate correlation analysis was carried out to provide a more informative
analysis regarding the relationship between the change in lower extremity physical
function, the change in hand grip strength and the quantitative change in FV portions
as estimated from 7-day diet histories, rather than simple consideration of allocated
group.

The results for this analysis are presented in Table 7.3.

Change in FV

consumption was positively associated with the change in grip strength at 16 weeks
(r = 0.26, P = 0.02). The changes in measures of lower extremity function (both
individual measures and summary measure) were not correlated with change in FV
consumption.

Another correlation analysis was also carried out to examine the relationship between
change in hand grip strength and lower extremity physical function and change in
macronutrient and micronutrient intake (Tables 7.4 and 7.S respectively).

No

significant correlations were evident between the change in macronutrient intake and
change in grip strength or measures of lower extremity physical function at week 16.
Likewise, correlations between change in micronutrient intake and change in
physical function and grip strength were weak, with the exception of vitamin K and
vitamin D which showed a significant positive correlation with change in hand grip
strength (r = 0.25 , P = 0.03) and change in summary lower extremity performance
score (r = 0.28 , P = 0.02) respectively.
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Table 7.3: Association between change in daily FV consumption as estimated from
7-day diet histories at 16 weeks and change in measures of physical performance and
muscle strength at 16 weeks.
Pearson Correlation
Coefficient

p value

Gri p strength (kg)

0.26

0.02

Balance (score)

0.11

0.33

Walk speed ( secs)

-0.05

0.65

Chair stand (secs)

-0.06

0.59

SPPB (score)l

-0.05

0.64

n = 78 for all comparisons.
Changes were compared using Pearson correlation coefficients.
ISPPB = sum of standing balance score + walk speed score + chair stand score
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Table 7.4: Correlation between change in measures oflower extremity physical performance and muscle strength at week 16 and change in
macronutrient intake at week 16
Grip strength
(nmu = 75)

Standing balance
(nmu = 78)

Walk speed
(n max = 78)

0.74

Correlation
coefficient
0.00

0.98

Correlation
coefficient
-0.08

0.50

Correlation
coefficient
0.02

p
value
0.86

0.03

0.81

0.12

0.30

-0 .05

0.69

0.80

-0. 13

0.25

-0.02

0.86

0.14

0.24

0. 12

0.28

-0.15

0. 19

-0.03

0.81

0. 14

0.22

0.92

-0 .05

0.65

-0.05

0.67

0.07

0.53

-0.02

0.88

-0 .01

0.96

-0.08

0.51

-0.07

0.53

0.10

0.37

0.03

0.81

Carbohydrate (g/d)

0.04

0.71

-0.05

0.70

0. 11

0.33

0.03

0.82

-0.13

0.26

Starch (g/d)

-0.22

0 .06

0.01

0.91

0.06

0.64

0.20

0.09

0.02

0.89

Total sugars (g/d)

0.17

0.16

-0.02

0.86

-0.02

0.86

-0.08

0.47

-0 .09

0.45

Dietary fibre (g/d)

0. 16

0.18

0.15

0.19

0. 15

0.19

-0.06

0.59

0.02

0.88

Nutriene
Energy (kcal)

Correlation
coefficient
0.09

p value
0.47

Correlation
coefficient
0.04

p value

Protein (g/d)

-0 .07

0.55

0.15

0. 18

Total fat (g/d)

0.07

0.53

0.03

SFA (g/d)

0.05

0.69

PUFA (g/d)

0.01

MUFA (g/d)

Changes were compared using Pearson correlation coefficients.
'Nutrient intake values expressed per 1000 kcal energy
2SPPB score = sum of standing balance score + walk speed score + chair stand score

w
w

o

SPPB score 2
(n max = 78)

Chair stand
(n max = 78)
p value

p value

Table 7.S: Correlation between change in measures of lower extremity physical performance and muscle strength at week 16 and change in
micronutrient intake at week 16

0.79

SPPB score 2
{n ma • = 78}
Correlation
coefficient
0.03

P
value
0.82

-0.03

0.78

-0.04

0.71

0.63

-0. 19

0.10

-0.05

0.68

-0.19

0. 10

-0.01

0.90

0.18

0.12

0. 19

-0.17

0.14

-0.00

0.98

0.28

0.02

0.14

0.23

-0.17

0.14

-0.19

0. 11

0.03

0.77

0.31

0.12

0.30

-0.10

0.37

-0.03

0.83

-0.01

0.92

0.08

0.52

0.02

0.89

-0.06

0.63

-0.01

0.91

0.03

0.80

Folate (!lg/d)

0.20

0.09

0.08

0.50

-0.18

0.11

0.00

0.97

0.05

0.66

Calcium (mg/d)

-0.13

0.29

-0. 12

0.30

-0 .11

0.35

0.19

0.09

-0.04

0.71

Magnesium (mg/d)

0.08

0.50

-0.00

0.99

-0.12

0.28

-0.08

0.49

-0.02

0.89

Phosphorus (mg/d)

-0.01

0.96

-0.06

0.59

-0.16

0.16

0.04

0.74

-0.04

0.74

Potassium (mg/d)

0.15

0.20

0.04

0.73

-0.04

0.72

-0.02

0.85

-0.11

0.35

Iron (mg/d)

0.09

0.46

0.03

0.80

-0.04

0.74

-0.08

0.49

0.11

0.34

Copper (mg/d)3

0.09

0.43

-0.01

0.94

-0.07

0.53

-0.11

0.36

-0.11

0.35

Zinc (mg/d)3

0.01

0.94

-0.01

0.95

-0.02

0.88

-0.13

0.27

0.17

0.14

0.01

0.92

0.04

0.71

0.05

0.66

0.06

0.61

-0.10

0.38

0.72

Chair stand
{n ma • = 78}
Correlation
coefficient
0.03

-0.02

0.84

0.12

0.06

0.05

0.66

0.55

0. 15

0.25

0.03

Vitamin B6 (mg/d)

0.12

Vitamin Bl2 (!lg/di

Vitamin C (mg/d)

Grip strength
{n ma • = 75}
Correlation
p value
coefficient
0. 15
0.17

Standing balance
{nmu = 78}
Correlation p value
coefficient
0.07
0.52

Walk speed
{nmu = 78}
Correlation
coefficient
-0.04

Retinol (!lg/d)

0.12

0.31

-0.07

0.53

Carotene (!lg/di

0.06

0.61

0.18

Vitamin E (!lg/di

0.21

0.07

Vitamin D (!lg/d)3

0.07

Vitamin K (!lg/d)3

Nutriene

Selenium

(!l~d)

p value

p value

INutrient intake values expressed per 1000 kcal energy; 2SPPB score = sum of standing balance score + walk speed score + chair stand score. 3Yariables were skewed and were
therefore log transformed. Changes were compared using Pearson correlation coefficients.
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Table 7.6 present the results from the correlation analysis which examined the
associations between the change in plasma concentrations of micronutrients at week
16 and the change in measures of grip strength and lower extremity physical function
at week 16. Correlations between the change in micronutrient status and change in
grip strength were weak, with the exception of vitamin C whereby the change in
plasma concentration at week 16 was positive correlated with grip strength (r = 0.24,
P = 0.04). The analysis also revealed a significant positive correlation between the
change in concentrations of zeaxanthin and p-cryptoxanthin at week 16 and the
change in standing balance at week 16 (r

=

0.35, p<O.Ol and r

=

0.26, P

=

0.02

respectively).

Associations between the change in both grip strength and measures of physical
function and the change in lipid profile, markers of oxidative stress (8-iso
Prostaglandin F2a) and inflammation (CRP) and blood pressure at week 16 are
presented in Table 7.7. No significant correlations were evident, with the exception
of CRP whereby the change in plasma concentration at week 16 was significantly
and positively correlated with change in grip strength at week 16 (r = 0.27, p = 0.02).
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Table 7.6: Correlation between change in measures of lower extremity physical performance and muscle strength at week 16 and change in
micronutrient status at week 16
Standing balance
{nmax = 76}
Correlation p value
coefficient

Vitamin C (JlmoVI)

Grip strength
{nmax = 76}
Correlation p value
coefficient
0.24
0.04

p
value

Chair stand
{nmax = 76}
Correlation
coefficient

0.09

0.43

-0.04

0.74

-0.03

0.80

0.01

0.92

Total carotenoids (Jlmolll)2

0.03

0.83

0.16

0.17

0.07

0.54

-0.12

0.32

-0 .09

0.42

Lutein (Jlmol/ l)

-0.06

0.61

0.07

0.56

0.06

0.64

-0.02

0.85

-0.10

0.39

Zeaxanthin (Jlmolll)

-0.01

0.93

0.35

<0.01

-0.15

0.21

-0.01

0.90

0.06

0.64

~-cryptoxanthin

-0.10

0.41

0.26

0.02

-0.09

0.47

0.11

0.36

0.01

0.93

a-carotene (Jlmolll)

-0 .15

0.20

0.14

0.25

0.08

0.49

0.09

0.43

-0.15

0.21

~-carotene

-0.03

0.78

0.07

0.55

0.05

0.65

-0.04

0.77

-0.03

0.81

Lycopene (Jlmolll)

0.13

0.26

0.10

0.40

0.17

0.15

-0.07

0.55

-0.16

0.18

Retinol (Jlmolll)

-0.04

0.76

0.11

0.35

0.12

0.28

-0.01

0.92

-0.09

0.46

Folate (nmolll)

0.05

0.67

0.08

0.47

0.03

0.77

0.04

0.74

0.09

0.46

Vitamin BI2 (pmolll)

0.06

0.59

0.09

0.44

-0.03

0.83

0.15

0.20

0.02

0.86

25(OH)O (nmolll)

-0.02

0.90

0.20

0.08

-0.10

0.40

-0.16

0.16

0.21

0.07

(Jlmol/l)

(Jlmolll)

All nutrient status variables were skewed and were therefore log transformed.
'SPPB score = sum of standing balance score + walk speed score + chair stand score
2Tota l carotenoids = a- + ~-carotene + ~-cryptoxanthin + lutein + zeaxanthin+ Iycopene
Changes were compared using Pearson correlation coefficients.

VJ

o

0\

p value

SPPB score
{nmax = 76}
Correlation
coefficient

l

Walk speed
{nmax = 76}
Correlation
coefficient

p
value

Table 7.7: Correlation between change in measures of lower extremity physical performance at week 16 and change in measures of oxidative
stress, inflammation, lipid profile and blood pressure at week 16

0.85

Chair stand
{nmu = 78}
Correlation
coefficient
-0 .08

0.48

SPPB score 1
{n ma • = 78}
Correlation p value
coefficient
0.93
0.01

-0 . 13

0.26

0.03

0.83

-0. 12

0.29

0.99

0.04

0.79

0.09

0.46

-0.02

0.85

-0.07

0.54

0.07

0.55

0.05

0.70

-0.01

0.96

0.31

0.04

0.77

0. 16

0. 16

-0.01

0.92

-0.14

0.23

0.05

-0.04

0.74

-0.07

0.56

0.05

0.69

0.08

0.49

0.35
-0.05
-0.10
-0 .11
Diastolic blood
0.38
Eressure (mmHg)
I SPPB score = sum of standing balance score + walk speed score + chair stand score
2 Variables were skewed therefore log transformed
Changes were compared using Pearson correlation coefficients.

0.65

0.12

0.31

0.02

0.84

CRp 2

Grip strength
{nmu = 7S}
Correlation
p value
coefficient
0.27
0.02

Standing balance
{nmu = 78}
Correlation p value
coefficient
-0.09
0.44

Walk speed
{n ma • = 78}
Correlation
coefficient
-0.02

8-iso Prostaglandin

0.09

0.46

-0.03

0.77

Total cholesterol

-0 .07

0.56

0.00

HDL

-0.12

0.32

Triglycerides2

-0.12

Systolic blood
pressure (mmHg)

-0.23

F2a

w

o-.....)

p value

-~

p value

2

Chapter 7

7.5

DISCUSSION

The work presented in this chapter describes the effect of increased FV intake, over a
16 week period, on measures of lower extremity physical function and muscle
strength in healthy free-living older adults, aged 65 years and over. This chapter also
investigates whether the resulting changes in nutrient intake and nutrient status over
the 16 week period were associated with change in physical performance and muscle
strength.

7.5.1

Baseline Physical Function and Muscle Strength

A significant difference in hand grip strength between the two groups was evident at
baseline, with measurements being significantly higher in those allocated to the 5
portions/day group. This is most likely due to the fact that there were significantly
more men allocated to the 5 portions/day group (51.2%) compared to the 2
portions/day group (17.5%). Calculating the change in variables over the course of
the intervention and comparing these changes between interventions minimised the
effect the baseline imbalance will have had on our conclusions.

This was also

confirmed using general linear modelling, with final grip strength as the dependent
variable.

7.5.2

Effect of the Fruit and Vegetable Intervention on Muscle Strength

The results from the current study showed no significant effect of FV on hand grip
strength.

Overall change in grip strength was small in both groups.

There did

however appear to be a trend towards greater change in grip strength in those
consuming 5 portions per day compared to those consuming 2 portions per day,
which approached statistical significance (p = 0.05).
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Potentially more informative is the relationship between the reported change in FV
intake and change in grip strength in the group as a whole, which will reflect
compliance with the intervention, rather than by group allocation. In this analysis, a
significant positive correlation was evident between change in FV intake and change
in grip strength.

No other intervention studies have examined the effect of FV

consumption on grip strength. The findings therefore suggest that FV may enhance
muscle strength in older adults, however, further intervention studies are warranted
in order to substantiate this theory. This finding may potentially have important
implications, particularly since muscle strength is regarded as a key denominator in
the cycle of frailty (Fried et al. 2001). Although other observational studies have
noted associations between vegetable intake and grip strength, these studies were
cross-sectional (Robinson et al. 2008) or longitudinal in design (Lauretani et al.
2008).

7.5.3

Effect of the Fruit and Vegetable Intervention on Physical Function

We found no significant effect of increased FV consumption on measures of lower
extremity physical function.

Other studies have suggested that a healthy diet,

including increased FV intake, may enhance physical function, although these have
tended to focus on overall diet or lifestyle quality rather than examining intakes of
specific food groups such as FV. A number of recent lifestyle intervention studies
(ranging in duration from 6 - 12 months) in older aged cancer survivors also reported
positive effects of a healthy diet and exercise on general physical function (DemarkWahnefried et al. 2006; Morey et al. 2009). Extrapolating results is also difficult
since participants in these intervention studies were overweight individuals (Morey

et al. 2009) and/or cancer survivors (Demark-Wahnefried et al. 2006; Morey et al.
2009) and therefore results are not directly applicable to healthy, free-living older
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adults. These studies also used SR questionnaires as a means of assessing general
physical function and ability to carry out activities of daily living, rather than using
direct measures of physical function and muscle strength.

Some observational studies have used nutritional risk screening tools or healthy
eating indexes, and they generally found that individuals with "healthier" diets were
more likely to have better functional health (Duffy & MacDonald 1990; Stafford et
al. 1998). Results from three large population-based studies also provide evidence of

an association between FV intake and physical function. Firstly, results from the
large prospective ARIC study in middle aged adults FV found that consuming a FV
rich diet was associated with decreased odds of poor lower extremity function
(Houston et al. 2005). Similar results were also reported in the prospective SWAN
study (Study of Women's Health Across The Nation) (Tomey et al. 2008). Both
these studies were conducted in multi-ethnic populations and participants were
younger than those in the current study. Comparing results is also difficult since in
both studies, dietary intake was only assessed at baseline and information on physical
function was not obtained until approximately four years (Tomey et al. 2008) and
nine years later (Houston et al. 2005).

Positive associations between FV

consumption and physical function were also reported in the cross-sectional EPIC
study of more than 15,000 adults aged 40 - 79 years (Myint et al. 2007). They
observed that consuming an extra two portions of FV per day was associated with an
11 % greater chance of having better physical functional health.

Although these

results show positive associations, a key limitation evident in all these studies
(Houston et al. 2005 ; Myint et al. 2007; Tomey et al. 2008) again relates to the use
of SR questionnaires to assess general functional limitations (Houston et al. 2005;
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Myint et al. 2007; Tomey et al. 2008) rather than direct measures of muscle strength
and physical function such as grip strength, balance, walk speed and chair stand. In
addition dietary intake and hence FV intake were assessed by a semi-quantitative
FFQ which may have inadequately captured habitual FV intake.

7.5.4

Effect of Change in Nutrients (Intake and Status) Associated with Fruit

and Vegetable Intake on Change in Muscle Strength
As discussed in chapter four, the increase in FV consumption as a result of the
intervention will have resulted in concomitant changes in intakes of other nutrients.
It therefore seemed prudent to examine the associations between changes in

nutrients, particularly those associated with FV, and change in physical function and
grip strength. The results from this analysis would suggest that change in nutrients
associated with FV, potentially vitamin K, folate and vitamin E intake and vitamin C
status are positively correlated with change in grip strength. The positive, although
albeit for folate and vitamin E non-significant, correlations agree with those observed
between change in FV consumption and change in grip strength. This finding thus
supports and adds further weight to the positive effect of FV on grip strength.

Cross-sectional results from the observational InCHIANTI study similarly showed
positive correlations between plasma antioxidant levels and muscle strength as
measured by knee extension strength, although, like to the current study, these
correlations were only significant for a few nutrients. Only plasma levels of u- and
y-tocopherol were positively and significantly correlated with muscle strength. In
relation to nutrient intake, assessed by FFQ, they also observed a significant positive
correlation between dietary intakes of vitamin C, vitamin E and ~-carotene and knee
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extension strength, which, after adjusting for confounding factors, remained
significant for vitamin C and ~-carotene (Cesari et al. 2004a).
results from the large Hertfordshire Cohort Study (n

=

Cross-sectional

2,983) also showed positive

associations between ~-carotene intakes (assessed by FFQ) and grip strength in both
older males and females, and with vitamin C intake in females (Robinson et al.
2008).

Longitudinal studies (Lauretani et al. 2008; Semba et al. 2003), again in contrast to
the current study have shown an association between low levels of carotenoids and
decline in physical function. Results from the InCHIANTI study, suggested that low
levels of plasma carotenoids were an indicator of increased decline in skeletal muscle
strength, with participants in the lowest quartile for total plasma carotenoids levels at
greater risk of experiencing a decline in grip strength (and hip and knee) after a six
year follow up period compared to those in the highest quartile (Lauretani et al.
2008). Similarly, among 669 women aged 70 - 79 years in the WHA studies I and 11,
low levels of serum carotenoids were associated with a decline in muscle strength
(Semba et al. 2003).

The studies described above were observational and

longitudinal in design rather than intervention, as in the current study.

7.5.5

Effect of Change in Nutrients (Intake and Status) Associated with Fruit

and Vegetable Intake on Change in Physical Function
A significant positive correlation was apparent between changes in levels of

zeaxanthin and ~-cryptoxanthin and change in standing balance. No other significant
correlations were evident in relation to change in nutrients and change in physical
function.
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Evidence from other intervention studies regarding the effect of FV related nutrients
on physical function is limited and the primary outcomes and participants of other
studies were considerably different from the current study, with most focusing on the
effect of antioxidants on exercise performance rather than physical function. A few
supplementation studies have shown that antioxidants promote a more rapid post
exercise recovery and reduce oxidation rates (Jakeman & Maxwell 1993; Takanami

et at. 2000).

In contrast though, conclusions from a review by Clarkson &

Thompson (2000) seem equivocal and do not appear to support suggestions that
increased antioxidants exert a favourable effect on physical performance. Most of
the studies under review were conducted in younger age groups or in athletes and
involved structured exercise and antioxidant supplements rather than whole foods.

No associations were evident in the current study between change in serum
carotenoids or total carotenoids and change in walking speed.

This finding

contradicts previous observational studies which suggested that high carotenoid
levels may be associated with a slower decline in walk speed (Semba et at. 2007b;
Lauretani et at. 2008; Alipanah et al. 2009). In the large prospective WHA I study,
Semba et at. (2007b) found that in 554 women without severe walking disability,
those with the lowest levels of total serum carotenoids were at greater risk of
experiencing severe walking disability after a period of 36 months follow-up. Total
serum carotenoids were also associated with subsequent walk speed and rate of
change in walk speed over the same time period, after adjusting for age, body mass
index and chronic disease (Alipanah et al. 2009). However, these results are not
directly comparable with the current study as apart from being longitudinal in design,
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the study was exclusively conducted in females, all of whom were moderately-toseverely disabled.

Longitudinal findings from the InCHIANTI study add further support to an
association between low levels of total plasma carotenoids and decline in physical
function over a six year period (Lauretani et al. 2008). They also showed consistent
significant associations between low plasma levels of Vitamin E and subsequent
decline in physical function over a three year period (Bartali et al. 2008). In a crosssectional analysis, again from the InCHIANTI study, dietary intakes of antioxidants
were shown to correlate positively with physical function, however, as with muscle
strength, significant associations only appear to be evident with a few antioxidants
and, after adjusting for confounding factors, only dietary vitamin C remained a
significant predictor of physical performance (Cesari et al. 2004a).

A positive

correlation was also observed between plasma levels of y- and a- tocopherol and the
summary physical performance score, which after adjusting for confounding factors,
only remained significant for y-tocopherol (Cesari et al. 2004a).

Although our results somewhat support other studies which have found positive
associations between antioxidants or carotenoids and physical function, they are not
confirmative and do not conclusively demonstrate that FV, antioxidants or
carotenoids have a positive effect on physical function and muscle strength. Whether
or not increased carotenoid levels have a beneficial effect on physical function and
muscular strength therefore remains to be determined.
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7.5.6

Effect of Change in Nutrient Intake and Status with Change in Muscle

Strength and Physical Function
The rationale for examining other nutrients in relation to grip strength and physical
function comes from previous evidence which suggests that dietary intakes of
protein, calcium, vitamin D, magnesium and phosphorus may be associated with
physical function and muscle strength (Sharkey et al. 2003; Bischoff-Ferrari et al.
2004; Robinson et al. 2008). Although other nutrients may play an important role in
physical function decline, and intake of these nutrients may have changed as a result
of increasing FV intake, significant associations were not observed in the current
study, with the exception of vitamin D.

Our findings showed a significant

correlation between change in dietary intakes of vitamin D and change in overall
physical performance (SPPB score). This association was also reflected, albeit to a
lesser extent in micronutrient status, with the change in serum concentrations of
25(OH)D showing a modest correlation with change in overall physical performance
(r

=

0.21 , P

=

0.07). In addition, the current results tend to indicate a modest albeit

non-significant positive correlation between change in vitamin D status and change
in standing balance (r

=

0.20, p

=

0.08). Vitamin D has frequently been cited as

having a positive effect on muscle strength and physical function (Bischoff et al.
2003 ; Visser et al. 2003; Wicherts et al. 2007). Results from RCTs have generally
demonstrated a beneficial effect of vitamin D supplements on muscle strength and
physical performance in both institutionalised older women (Bischoff et al. 2003)
and patients attending a falls clinic (Dhesi et al. 2004). Positive effects of vitamin D
supplementation have also been shown in relation to balance and reduced fall risk
(Bischoff et al. 2003; Visser et al. 2003 ; Wicherts et al. 2007; Bischoff-Ferrari et al.
2009a,b). In contrast though, a few other supplementation studies have shown no
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effect on physical function or fall risk (Lath am et al. 2003; Kenny et al. 2003).
However, disparities among studies may be owing to different population groups,
variation in supplement dosage, duration of supplement use, baseline status and
substantial variation in laboratory assays, thus making comparisons difficult.

Findings from a number of observational studies also support the hypothesis that low
vitamin D levels are associated with poor lower extremity performance (BischoffFerrari et al. 2004; Houston et al. 2007; Wicherts et al. 2007). Houston et al. (2007)
observed a significant positive association between vitamin D status and SPPB score
after adjusting for confounding factors. Similarly, in a US population-based study of
4100 ambulatory men and women aged 60 years and over, consistent significant
positive associations were evident between 25(OH)D and measures of lower
extremity function which included both the 8-foot walk test and sit-to-stand test
(Bischoff-Ferrari et al. 2004). The US-based Nutrition and Function study of 321
homebound adults aged over 60 years who were in receipt of home delivered meals,
also showed an association between a summary measure of dietary intakes of
calcium, vitamin D, magnesium and phosphorus and a summary measure of lower
extremity physical performance (Sharkey et al. 2003). However on closer analysis
of the data, their results indicate that while positive associations were evident
between individual measures of physical function and summary nutrient score, these
associations were only statistically significant or approaching significance for the
repeated chair stand (p<O.Ol) and walk speed (p<0.09) respectively.

Previous evidence also suggests that in older adults, serum 25(OH)D concentrations
need to be >65 nmolll in order to maximise muscle performance and reduce the
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prevalence of falling (Dawson-Hughes 2008). In the current study, the mean levels
of 25(OH)D in the participants was 54.10 nmolll (41.30, 71.80). Vitamin D in its
activated form 1,25-dihydroxyvitamin D exerts an effect on muscle by binding to
highly specific nuclear receptors within muscle tissue, which in turn activate protein
kinase C and cause calcium to be released (Bischoff et al. 2001).

This role of

vitamin D in calcium homeostasis is an important metabolic step in muscle
contraction.

Vitamin D may also indirectly affect muscle strength and physical

function through its beneficial effect on bone by preventing risk of falls and reducing
fracture risk (Lips, 1996; Visser et al. 2003).

7.5.7

Effect of Change in Markers of Inflammation and Oxidative Stress with

Change in Muscle Strength and Physical Function.
The role of oxidative stress and inflammation in aging has gained considerable
momentum.

Oxidative stress and inflammation are thought to be the two core

biological pathways involved in age-related decline and sarcopenia. With advancing
age, skeletal muscle becomes increasingly exposed to increased oxidative damage as
a result of suppressed mitochondrial protein synthesis and hence reduced oxidative
capacity. Elevated levels of inflammatory markers are also thought to have a
catabolic effect on muscle tissue (Ferrucci et at. 2002) thus increasing the risk of
poor physical function and sarcopenia. Based on previous evidence which suggests
that grip strength is associated with inflammatory processes (Ferrucci et al. 1999;
Taaffe et al. 2000; Visser et al. 2002; Cesari et at. 2004b; Schaap et at. 2006), we
would have expected an inverse association between change in grip strength and
change in CRP. In another study of 40 older adults (mean age 75 ± 5 years) without
inflammation, a correlation was observed between grip strength and the
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inflammatory marker IL-6 (Bautmans et at. 2007). Participants in that study had low
levels of CRP «3 mg/l) and therefore they suggest that their findings may reflect
different signalling roles of IL-6 compared to individuals with high levels of
inflammation.

These findings also agree with other studies which showed

associations between high concentrations of IL-6 and/or CRP and low levels of
physical function and/or muscle strength (Ferrucci et at. 1999; Taaffe et at. 2000;
Visser et at. 2002; Cesari et at. 2004b; Schaap et at. 2006).

7.5.8

Strengths of the Current Study

The study is, to our knowledge, the first intervention study to specifically examine
the effect of increased FV consumption on physical function and muscle strength in
older adults.

Previous studies examining dietary intake in relation to physical

function and muscle strength have for the majority been observational in design and
therefore only associations have been reported, rather than causal effects.

A further strength of this study is that physical function was assessed by direct
measures rather than relying on SR questionnaires.

The SPPB is regarded as a

reliable and accurate indicator of physical function and muscle strength (Guralnik et

at. 1995). By using the SPPB we were able to determine a summary measure of
lower extremity physical function by combining the performance scores from three
separate assessments of lower extremity function, thus increasing the reliability and
sensitivity of the measure (Ostir et at. 2002).

Measuring both lower extremity

physical function measure and hand grip strength, as a measure of upper extremity
muscle strength, enabled us to gain a general understanding of overall physical
function.
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Unlike many other studies which were conducted in middle aged adults (Stafford et

al. 1998; Tomey et al. 2008), older homebound adults (Sharkey et al. 2003) or those
with certain degrees of disability (Semba et al. 2007b; Alipanah et al. 2009), the
current study recruited healthy, free living older men and women, aged 65 years and
over, thus making our findings more applicable to older populations. Examining
physical function and muscle function in this age group seemed prudent, since it is
this age group that are most susceptible to physical function decline and loss of
muscle mass.

7.5.9

Limitations of the Current Study

The current study was powered around the primary endpoint of immune function and
therefore may have been statistically underpowered to detect effects on the physical
function endpoints.

Changes in physical function over the course of the intervention may have also
depended on changes in the PA levels of the participants.

Only ten of the

participants noted a change in PA levels over the 16 week intervention period. Three
participants in the 5 portions/day group and five participants in the 2 portions/day
group commented that their PA levels had increased, while one participant in each
group reported a general decrease in PA over the course of the intervention.
However this was not confirmed through direct measurement at the end of the
intervention.

A further limitation may relate to the duration of the intervention. The intervention
period of the current study was short (16 weeks). Although this was an adequate
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length of time for observing changes in the primary outcome measures of the study
i.e. markers of immune function and nutrient status, it may have been too short a
duration to detect a significant or appreciable change in physical function. However,
the emerging trend observed between grip strength and increased FV consumption is
certainly of interest. It is possible that FV need to be consumed over a longer period
of time in order to have a substantial effect on muscle strength and physical function,
and further intervention studies must be carried out to confirm this.

It also remains plausible that the 5 portions/day may not have been adequate to have

a significant impact on muscle strength or physical function. Consumption of larger
quantities of FV or broader dietary changes over a longer period may have induced
greater change in physical function and muscle strength. However, one of the key
aims of the current study was to keep the intervention in line with current
government guidelines which recommend the consumption of five portions of FV per
day. Requesting participants to increase consumption of FV beyond the five portions
may have reduced compliance and hence reduced the validity of our results.

A further limitation relates to our measurement of muscle strength and physical
performance. In the current study, hand grip strength was measured as an indicator
of general muscle strength (Rantanen et al. 2003).

Although this measure has

previously been associated with decline in functional capacity (Lauretani et al.
2003), disability (Rantanen et al. 1999a) and mortality (Rantanen et al. 2003), it may
not fully reflect lower extremity muscle strength. However, results from a study by
Avlund et al. (1994) did show a strong positive correlation between grip strength and
both total body strength and lower extremity strength in older adults aged 75 years
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and older. Within the current study we measured grip strength alongside three other
measures of lower extremity physical function, thus enabling us to gain an overall
evaluation of both upper and lower extremity physical performance. The SPPB used
to assess physical function has previously been shown to be associated with
subsequent disability, nursmg home admission and mortality (Guralnik et al.
1994a,b; 1995; 2000) and has previously been used as a means of ranking the
physical function of community dwelling individuals who had no evident disability
(Guralnik et al. 1994). However, in the current study, the majority of participants
performed well on the physical function tests which resulted in the summary physical
function scores falling within a narrow range. It is therefore possible that the SPPB
was not sensitive enough to detect differences in physical function among healthy
individuals. This finding thus questions the usefulness and sensitivity of the SPPB in
a healthy group of older adults. In the current study, the SPPB was chosen to assess
physical function since it is easy to administer and conduct in an individuals' home,
especially if space is limited, and it generally has low respondent burden (Guralnik et

al. 2000). Moreover, in the current study a distance of eight feet was chosen for the
walk test due to limited space in participants' homes. However, this distance may
have been too short to qualitatively rank individuals on their performance especially
since all individuals were relatively healthy. Guralnik et al. (2000) suggest that a
four metre walk may be just as feasible and may thus improve the accuracy of the
measurement.

Many studies have used a summary performance score as an indicator of overall
physical function. In the current study, the SPPB score was calculated according to
the method by Guralnik et al. (2000) whereby each individual test was given a score
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of 0 - 4, depending on participant performance, which was then summed to give the
summary SPPB score. However, it is worth noting that methods used to calculate
these scores vary considerably between studies. For example, in comparison to the
method by Guralnik et al. (2000), some studies used different cut-offs or categories
for individual test scores and/or SPPB scores (Cesari et al. 2004a) or included other
physical performance measures in their SPPB scores (Sharkey et al. 2003). In the
study by Cesari et al. (2004a) the scores for each physical performance test were
rescaled to either 0 or 1, where 1 represented the best performance and 0 represented
the worst performance (i.e. unable or above the 99 th percentile). Formulae were also
applied to rescale the measures, which resulted in a physical performance score
ranging from 0 to 3. Sharkey et al. (2003) also included a measure of dynamic
balance in their SPPB therefore their SPPB ranged from 0 to 14. These differences
in physical performance scoring methods between studies may have important
implications as the level of physical function in an individual could be incorrectly
categorised, depending on the scoring method used.

7.6

CONCLUSIONS

This study has examined the effect of FV consumption on physical function and
muscle strength in older adults. Although our findings are inconclusive, they suggest
a positive effect of FV consumption on grip strength and therefore provide a solid
base upon which other intervention studies can be developed. Although the current
study suggests that increasing FV consumption to 5 portions/day does not
significantly modulate lower extremity physical function in this cohort of healthy
older adults, it is possible that FV may play an important role which was simply not
detectable within the current study due to the short duration of the intervention. The
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limitations of the current study thus highlight the need for further randomised
controlled intervention studies in older adults which are appropriately powered and
robustly designed, with an adequate duration.
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General Discussion
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8.1

INTRODUCTION

Progressive degeneration in musculoskeletal health encompasses a major part of the
ageing process. Preserving bone health, physical function and muscle strength is of
paramount importance, both in terms of maintaining a person's mobility and
independence, reducing risk of falls and fractures, and curtailing demands on
healthcare resources. Modifiable factors such as diet may be critical in preserving
both bone health and physical function. Therefore, understanding the relationships
between these factors and musculoskeletal health is vital for development of
preventative strategies.

This thesis has advanced understanding of the role of diet, particularly FV intake and
lifestyle on musculoskeletal health in older adults. The thesis mainly examined data
from a randomized controlled intervention study which was primarily designed to
examine the effect of increased FV consumption on clinically relevant measures of
immune function. The content of this thesis presents the secondary outcomes of this
study: the effect of increased FV consumption on measures of bone health, muscle
strength and physical function. The intervention study recruited 83 adults, aged over
65 years with a low FV intake. Participants were randomised to one of two groups:to continue their existing diet of <2 portions/day or to increase their FV intake to the
recommended level

~

5 portions/day. The findings in relation to each objective, as

outlined in Chapter 2, will now be summarised:
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Objective 1: to determine barriers associated with FV consumption in
older adults and to determine whether participating in a FV
intervention can alter these barriers.

This objective was addressed in Chapter 3.

In a survey of 426 older people,

representative of the Northern Irish population, who did not, on average, meet
recommended FV intake levels, greater FV consumption was associated with greater
liking for FV, a greater awareness of current recommendations for FV consumption
and a greater willingness to change. Ease of consumption of FV and difficulties
associated with FV consumption, such as cost and availability did not appear to be
associated with FV intakes.

Intakes of FV in older adults in NI may therefore

potentially be improved by strategies which focus predominantly on three key
objectives: i) to increase knowledge, awareness and consumption of a broader range
of fruit, vegetables, and FV products and dishes in order to increase liking, ii) to
increase knowledge and awareness of current recommendations and the benefits of
FV for health and well-being, iii) to increase motivation and willingness to change.

The effect of participating in an intervention study on barriers to change revealed
that, regardless of group allocation, older adults reported a greater liking of FV after
participating in the intervention, which probably reflected participation in the study,
the freedom of choice in FV, and the individually-tailored advice.

It was also

interesting to note that the intervention group reported greater ease of consumption
and awareness at the end of the 16 week intervention compared to baseline which
may again reflect the practical dietary advice, support and encouragement provided
during the study, as well as the delivery of the FV, and these findings should be
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taken into consideration when designing future strategies to increase FV
consumption at a population level.

Objective 2: to determine associations between usual FV intake, and
associated nutrient intake and status, and acid-base balance of the diet
and bone markers in older adults.
This objective was addressed within Chapter 4.

Increased FV intake was

significantly and independently associated with the bone resorption marker CTX,
after adjusting for confounding factors, although no association was evident with
OC. This association was independent of the acid load of the diet and thus disagrees
with other studies which show an association between acid-base balance and bone
health (New et al. 2000).

Although the mechanism surrounding the observed

relationship is therefore unclear, it was supported by similar associations with other
nutrients found in FV, including potassium. Folate and vitamin B\2 status were also
significantly associated with bone marker status, with results suggesting that low
folate and vitamin BI2 status may adversely affect bone. Few significant associations
with other nutrients were evident.

Objective 3: to determine whether a 16 week FV intervention alters bone
marker status in older adults.
This objective was addressed within Chapter 5. Compliance with the intervention
was good, as reflected by the increase in self-reported FV consumption in the
intervention group, which was also accompanied by an increase in biomarkers of
nutrient status and an increase in intake of specific nutrients associated with FV
consumption. Unlike the observational findings in the previous chapter, increased
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FV consumption had no effect on either the bone resorption marker CTX or the bone
formation marker OC. This finding may simply reflect the relatively short duration
of the intervention, or that the quantity of FV being consumed was not high enough
to exert an effect. The current findings also fail to support the acid:base hypothesis,
as although the intervention resulted in a significant decrease in estimated NEAP in
those consuming 5 portions/day compared to those consuming 2 portions/day, the
change in estimated NEAP was not correlated with change in bone markers. The
findings would therefore suggest that while FV appears to increase the alkalinity of
the diet, this increased alkalinity may not confer any beneficial effect on bone.

Objective 4: to assess PA levels in older adults and compare two
different methods for assessing habitual P A levels: SR validated P A
questionnaire versus 7 day accelerometer.
This objective was addressed within Chapter 6. A high prevalence of inactivity in
this age group was highlighted, with 72% of males and 86% of females not achieving
current PA recommendations (as recorded by accelerometry). The marked contrast
in results between the accelerometer and SR questionnaire highlighted the difference
between individual perception of time spent in moderate and vigorous physical
activity compared to actual activity.

The findings showed a difference of 4.41

hours/week in total moderate-vigorous activity between the SR questionnaire and the
accelerometer. However, while the findings challenged the validity of subjective SR
methods, it was important to balance the weaknesses of SR against the problems that
can arise with objective measures such as accelerometry including technical issues
and lack of compliance.
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Objective 5: to explore the associations between usual FV intake, and
associated nutrient intake and status, PA, bone markers and physical
function and muscle strength in older adults.
This objective was addressed within Chapter 6. Using hand grip strength as a marker
of muscle strength and the SPPB as a measure of lower extremity physical function,
energy intakes and P A were independently associated with improved muscle strength
and physical function in older adults. P A was also associated with a better lipid
profile. There were no apparent associations between FV intake and grip strength,
physical function or P A or between bone markers and P A.

Objective 6: to determine whether a 16 week FV intervention alters
physical function and muscle strength in older adults.
This objective was addressed within Chapter 7. There was no significant effect of
increased FV consumption on hand grip strength or lower extremity physical
function. However there was a trend towards a greater change in grip strength in
those consuming 5 portions per day compared to those consuming 2 portions per day.

It was also observed that reported change in FV intake was significantly correlated
with change in grip strength. Positive correlations were also noted between change
in nutrients commonly found in FV and change in grip strength. These findings were
encouraging and imply that FV may enhance muscle strength in older adults,
however, this theory needs to be confirmed by additional intervention studies.

8.2

STRENGTHS OF THE THESIS

The strengths of the study have been noted within each chapter. However there were
a number of unique features of the design of this intervention study. One of our
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inclusion criteria was a low baseline intake of FV. By selecting low FV consumers,
the possibility of demonstrating an effect of increased FV consumption was
maximized. Unlike other studies, which used more strictly controlled intervention
designs, the current study was designed in a way which closely reflected habitual
lifestyle. By allowing participants free choice of FV, the design of the intervention
attempted to replicate a 'real life' setting where individuals would consume their
preferred FV, and the dose consumed in the intervention group (5 portions/day) was
designed to be achievable and in line with current public health recommendations.
Compliance was good during the 16 weeks, with a robust range of measures used to
assess compliance, including biochemical markers of nutritional status. The delivery
of free FV combined with individually tailored advice appeared to be effective in
terms of increasing FV consumption in this age group. Whether or not participants
maintained a high level of FV consumption after the intervention ended has yet to be
determined, although barriers to increased FV consumption appeared to have
decreased over the course of the intervention.

Nevertheless, the high level of

compliance and low drop-out rate highlights that the intervention was realistic in
design, and the study protocol well-matched to the capabilities of the participants.

8.3

LIMITATIONS OF THE THESIS

While a number of weaknesses have also been discussed within each chapter, some
further limitations also need to be acknowledged. One of the main limitations within
the intervention study was that all measurements were secondary endpoints, and
therefore the study was not specifically designed to look at these endpoints. As part
of the primary endpoint assessment, each participant was administered a tetanus and
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pneumovax vaccination at week 12, although this did not appear to affect the bone
outcome measures (Chapter 5).

In relation to the collection of physical function and muscle strength data, initial
measurements were performed at the end of week 1 and not at true baseline.
Participants had already commenced the intervention at this stage, although it is
unlikely that physical function and muscle strength would have been affected so
early in the intervention. A further limitation was the failure to include an objective
measure of P A at the end of the 16 week period. Although participants were asked
about overall changes to their PA levels at the end of the intervention, the accuracy
of this information is questionable and may have been affected by social desirability.
A more direct and objective measure of PA post-intervention would have been
valuable, to examine whether P A changed over the course of the intervention and
whether this would have any bearing on the observed results. It was also clearly
evident in Chapter 6 that the measures of physical function were not discriminatory
enough. The fact that the majority of the participants performed well on the physical
performance measures would indicate that the tests chosen were not challenging
enough for the majority of individuals in this healthy cohort. Although the SPPB is a
well-established measure of physical performance and has previously been used in
healthy, older adults, these physical performance measures may have been more
suited to frailer or physically-compromised individuals.

Another weakness is the fact that we failed to measure BMD. A measure ofBMD in
combination with the bone marker measurements may have strengthened our
findings and provided a more thorough evaluation of bone status. Employing the use
of the online FRAX® tool would also have enabled us to assess potential fracture risk
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for each participant. The bone markers selected within the current study were chosen
for several reasons. Serum OC is regarded as one of the most sensitive markers of
bone formation (Gamero & Delmas 2004) and is a specific marker of osteoblast
activity, since its levels correlate with bone formation rates (Delmas et al. 2000).
CTX was chosen as the bone resorption marker as collagen telopeptides involving
crosslinking sites are considered to be one of the best indices for assessing bone
resorption (Kraenzlin & Seibel 1999). Sensitive immunoassays were also available
for both QC and CTX.

Both markers also have relatively low within person

variability (Delmas et al. 2000). Both bone markers have been found to be excellent
predictors of future fracture risk (Gamero et al. 2000; Johnell et al. 2002; Gerdhem

et al. 2004) and osteoporosis risk (Iki et al. 2007). Since all participants were visited
in their homes, the measurement of bone markers via a blood sample was deemed
less invasive and much more feasible and cost-effective. A measure of BMD would
have required a hospital visit for each participant. Given the short duration of the
study, the measurement of bone markers also seemed more feasible since changes
can often be detected over a shorter time period compared to BMD.

Other limitations within the study may of course relate to the participants themselves.
Participants in the ADIT study volunteered to take part in the intervention and
therefore may not have been truly representative of low consumers of FV. It is
entirely possible that the study attracted relatively health conscious participants
(although low FV consumers) who had an interest in nutrition and health. Even if
there was selection bias by recruitment of healthy individuals, it is unlikely that this
would have substantially altered the observed effects of FV intake on bone and
physical function and muscle strength. Finally, although the study aimed to recruit
both males and females, only a small number of males participated, which thus limits
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our ability to generalize the findings to other older male populations. There was a
lack of balance between the intervention groups in terms of numbers of males,
although this was dealt with by appropriate statistical analysis.

This thesis also

focuses exclusively on healthy free living older adults and therefore results are not
directly applicable to other population groups.

A wide array of information was obtained on potential confounding factors for the
observational analysis. However, for completeness of data, collection of information
on other potential confounding factors may have proved equally useful, such as an
assessment of outdoor versus indoor activity or a measure of sunlight exposure to
further assess associations between vitamin D and musculoskeletal health.

In

relation to the effect of physical activity on bone, it would also have been useful to
collect more specific information on the different types of activity being undertaken.
This information would have been valuable for assessing the association between
weight bearing activity versus non-weight bearing activity and measures of
musculoskeletal health.

It must also be remembered that cross-sectional analysis is methodologically weak,

and, in this study, was only undertaken in a small population (n

=

82), so any

observed associations must be interpreted with caution. The contrast between the
observed cross-sectional association between FV and CTX, and the lack of effect of
increased FV on CTX in the intervention study, highlights the critical impact of
differences in study design on research findings . The intervention study is the more
rigorous, and therefore would suggest that the cross-sectional association between
FV and CTX is likely to be due to residual confounding. However, dose and type of
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FV consumed, and duration of intervention are factors in the design of the
intervention study, as discussed previously, that may have compromised our ability
to detect an effect of increased FV consumption on bone markers.

8.4

FURTHER RESEARCH

Overall, the current study provides a robust basis upon which to build future
intervention studies.

Due to the limitations described above, further carefully

designed intervention studies are warranted in order to fully elucidate the
relationships between FV intake and musculoskeletal health. The trend towards an
effect of increased FV intake on muscle strength and the baseline association
between FV consumption and the bone resorption marker CTX is particularly worthy
of further investigation.

It would be interesting to see whether a similar FV

intervention study of longer duration would produce a significant effect on these
outcome measures.

However, careful consideration needs to be gIven to the design of any future
intervention studies. Given that most of the studies to date have focused solely on
postmenopausal women, it seems prudent to focus future intervention studies on both
older men and women, ideally with adequate power to compare effects by gender.
Future studies also need to take into account baseline FV intake, and also to consider
the doses of FV used. Inclusion of medium and high FV arms would allow detection
of dose-response effects and also maximize power to detect effects at higher FV
intake levels. Primary outcomes need to be clearly defined, and studies powered on
these primary outcomes. Full consideration of any confounding factors which may
affect results, for example other behavioural changes such as PA over the course of
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the intervention, is also important.

For bone, it may be important to include a

broader range of bone markers and BMD as endpoints, and for physical function, to
include a more discriminatory measure.

Alongside such studies, further work

examining the potential mechanisms by which increasing FV consumption may
affect musculoskeletal health, including the acid-base hypothesis, will be important.

A whole food or whole diet approach appears to be a prudent method of studying
diet-disease relationships rather than examining individual nutrients.

Such an

approach reflects the complexity of diet and may be easier to translate into public
health messages. Future research should continue with the FV approach, but could
also employ the use of other whole food dietary intervention approaches such as
examining the effect of a 'Mediterranean-style' dietary intervention, which also
modifies fat sources, on measures of musculoskeletal health. Incorporating other
behavioural changes, such as combining a PA and FV intervention, perhaps using a
factorial design, would also be of interest.

Within the realms of the current research and based on the findings of this thesis, a
key focus of our immediate work will be to measure pre- and post-intervention
homocysteine levels in the existing samples and thus explore further the association
between folate, vitamin B 12, homocysteine, FV intake and bone health.

The intervention study reported here allowed a free choice of FV in both the
intervention and control groups, but data was collected on the choices made by each
participant.

It is possible that certain classes of FV may be more beneficial to

musculoskeletal health than others. Further analysis will therefore also be performed
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to examine the effect of specific FV or classes of FV on musculoskeletal health,
although these analyses will be pilot in nature.

Ongoing research is following up the participants after a period of approximately 18
months to determine whether their dietary behaviour has changed as a result of the
dietary intervention, and as a result of the group allocation during the intervention.
The main objective is to assess whether those who were in the dietary intervention
have maintained their increased consumption of 5 portions of FV per day and
whether those in the control group have maintained their usual diet of 2 portions or
less of FV per day. Participants in the control group were given dietary advice at the
end of the study to increase their FV intake, and this further assessment will establish
whether they have acted on that advice. This information will therefore be used a) to
establish the longer term effect of being on a dietary intervention study on fruit and
vegetable intake, b) whether this effect depended on the arm to which the participant
was allocated. As part of this follow up, there will also be a re-assessment of barriers
to FV consumption to examine whether observed changes in barriers to FV
consumption as a result of the intervention have been maintained.

8.5

RELEVANCE OF FINDINGS TO PUBLIC HEALTH

If the findings relating to bone health in the observational study, and grip strength in
the intervention study were to be confirmed, FV may be a non-pharmacological
means of preventing decline in musculoskeletal health, and therefore removing
barriers to increased FV consumption, and increasing consumption could have
considerable public health benefits. Results from the barriers work, and the change
in barriers as a result of participation in the intervention study suggest that older
adults need to be targeted as a specific group, with information and advice being
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portrayed in ways appropriate to their physical needs and abilities.

Older adults

should be given practical dietary advice and also support and encouragement to try a
broader range of FV which may thus influence liking and ease of consumption and
ultimately increase levels of FV intake.

It is also imperative that public health

strategies encourage older adults to maintain adequate energy intakes and to increase
their levels of PA, with a view to attenuating the decline in musculoskeletal health,
improving overall quality of life and potentially reducing the risk of falls and
fractures. Accordingly, given the ageing population, the extent of crippling health
problems such as hip fractures and osteoporosis and the fact that older adults
currently have low consumption of FV and low PA levels, the findings from this
thesis are important and may be help to guide current health promotion strategies. It
is imperative that preventative strategies such as promotion of FV consumption
continue to be implemented and encouraged.

Overall, the findings of this thesis

provide a rationale for encouraging older people to increase their FV intake as a
possible means of preserving bone mass, physical function and muscle strength.
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Queen's University

Belfast

Department of Medicine
Lower Ground Floor,
Pathology Building,
Grosvenor Road ,
Belfast, BT12 6BJ
Telephone: 02890632723
Fax: 02890235900

,\gcing and Dict<lr~
Intcn l'ntion TI"ial

PARTICIPANT INFORMATION SHEET
Effect of fruit and vegetable consumption on immune function in the
elderly - a randomised control/ed trial
You are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it
will involve. Please take time to read the following information carefully and
discuss it with others if you wish. Ask us if there is anything that is not clear
or if you would like more information. Take time to decide whether or not you
wish to take part. Thank you for reading this.
1.
What is the purpose of the study?
This study aims to assess whether fruit and vegetable consumption in people
who consume low amounts of fruit and vegetables has any effects on how
the immune system works. We will also be assessing effects on bone and
muscle function.
If you agree to take part in the study, you will be asked to either maintain
your usual diet or to increase your consumption of fruit and vegetables to 5
portions per day for 16 weeks. You will be visited by the study team six times
during this period.
2.
Why have I been chosen?
You were chosen because you are aged over 65 years, eat 2 or less portions
of fruit and vegetables per day on average and were approached by one of
the researchers. There will be 99 other volunteers in the study.

Do I have to take part?
It is up to you to decide whether or not to take part. If you do decide to take
part you will be given this information sheet to keep and be asked to sign a
consent form. If you decide to take part you can withdraw at any time and
without giving a reason.
3.

4.
What will happen to me if I take part?
You will be randomly assigned to one of two groups: either to continue with
your normal diet (Le. consume 2 or less portions of fruit and vegetables
daily), or to consume 5 portions of fruit and vegetables daily. Sometimes
because we do not know which way of treating patients is best, we need to
make comparisons. People taking part in the study will be put into these two
groups and then compared. The groups are selected by a computer which
has no information about the individual - Le. by chance. Participants in each
group then have a different treatment and these are compared . The study
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will last 16 weeks.
The fruit and vegetables will be provided for all
participants free of charge, and delivered to their homes. Dietary advice
including recipes and sample diet plans will be provided by the researchers .
During the study, members of the research team will visit you at your home
on 6 different dates (at week 0, week 1, week 6, week 12 and twice during
week 16). At week 0, week 6, week 12 and week 16 you will be asked to fast
for 12 hours prior to this visit, and researchers will visit you in the morning.
During the visit you will be asked to give a small blood sample (50 mls around 8 teaspoons) and provide a non-fasting urine sample. You will have
your height, weight and blood pressure checked. The whole visit will take
about two hours. Over the course of the study, you will also be asked to
complete a number of questionnaires with the researcher about your diet,
lifestyle, physical activity and cognitive and mood function . At the fourth
study visit (week 12) you will be given two vaccinations by a trained nurse
(Pneumovax 11 and tetanus). Pneumovax is a vaccination against pneumonia
which is normally given to over 75 year olds. At week 1 and during the
second visit at week 16 you will be asked to complete several simple
measures of muscle function and physical performance such as grip strength
and gait monitoring. We will also ask you to wear a specially designed watch
(called an 'accelerometer') which will assess your physical activity over a 7
day period between week and week 1 visits.

°

There are potential hazards associated with taking blood samples and giving
vaccinations. These include pain at the site of needle introduction as well as
bleeding or skin infection. However, these risks are minimal.
At the end of the study you will be paid £100 for taking part.
5.
What do I have to do?
Apart from following the diet as requested , not taking vitamin supplements
and meeting the research team at home as detailed above, there are no
lifestyle or other dietary restrictions as part of this study. Participants can
continue taking normal medications and giving blood.

6.
What is the drug or procedure that is being tested?
There are no drugs being tested in this study.

7.

What are the side effects of any treatment received when taking
part?
There are no specific side-effects of the fruit and vegetable treatment.
8.
What are the possible disadvantages and risks of taking part?
You will be expected to adhere to the study protocol , i.e. consume the fruit
and vegetables as instructed each day.
9.
What are the possible benefits of taking part?
This study is designed to determine whether increasing fruit and vegetable
consumption can improve immune function , and bone and muscle function
and therefore could have important public health benefits.
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10.
What if something goes wrong?
If you are harmed by taking part in this research project, there are no special
compensation arrangements.
If you are harmed due to someone's
negligence, then you may have grounds for a legal action but you may have
to pay for it.
11.
Will my taking part in this study be kept confidential?
All information collected about you during the course of the research will be
kept strictly confidential.
12.
What will happen to the results of the research study?
In any publicationslreports that arise from this study, volunteers will be
acknowledged for their participation. Names of volunteers, however, will not
be published in any of these releases.
13.
Who is organising and funding the research?
The work is being organised by the Centre for Clinical and Population
Science, Queen's University Belfast and is primarily funded by the Food
Standards Agency.
14.
Who has reviewed the study?
This study has been reviewed by the Research Ethics Committee of Northern
Ireland.
15.
Contact for Further Information
Charlotte Neville, Research Assistant / AD-IT Trial Co-Ordinator
Department of Medicine, Lower Ground Floor, Pathology Building,
Grosvenor Road, Belfast, BT12 6BJ
Tel: 07967237802 or 02890632723 E-mail: c.neville@gub.ac.uk
All volunteers will be provided with their own copy of this Patient Information
Sheet along with a copy of the consent form which you sign.
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Screening Checklist
Date

Ageing alld Dietary
Intervention 1 rilll

Screening no
Subject no
D.O.B
Observer name

Inclusion Criteria
1. Is the subject aged between 65 and 85 years old?

Yes

No

2. Does the subject currently consume <= 2 portions of fruit
and vegetables per day?
(If no, refer to additional screening question on next page)

Yes

No

Yes

No

Exclusion Criteria
1.

Is the subject taking nutritional supplements known to affect immune
function or absorption of nutrients?

2.

Is the subject taking medication known to affect immune function
or absorption of nutrients?

Yes

No

3.

Does the subject consume excess alcohol?
(>21 units/week for women or >28 units/week for men)

Yes

No

4.

Has the subject a BMI > 35?

Yes

No

5.

Does the subject have a history of diabetes or dementia?

Yes

No

6. Has the subject had a Pneumovax 11 vaccination within the past 2 years?
(If yes, refer to additional screening questions on next page)

Yes

No

7. Is the subject able to provide informed consent?

Yes

No

8. Does the subject have any other problem e.g food sensitivities which would Yes
interfere or prevent adherence to a high fruit and vegetable diet?

No

Yes

No

10. Does the subject have any medical conditions or dietary restrictions that
would substantially limit their ability to complete the study requirements?

Yes

No

Is the subject suitable for the study?
If not suitable, are they willing to complete the fruit and
veg barriers questionnaire?

Yes

No

9. Has the subject had any infections recently (i.e. completed an antibiotic

course or had symptoms of viral illness in the past 3 weeks)

Yes No
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Screening no: _ __
Subject no:

Additional screening questions:

1. If the subject is consuming >2 portions of fruit and vegetables per day, is
he/she willing to undertake a 1 month washout whereby he/she will consume
<= 2 portions of fruit and vegetables per day before commencing the trial?

Yes No

If no, the subject is excluded from the study.

2. If the subject has already had a Pneumovax 11 vaccination within the past 2
years are they willing to receive a tetanus vaccination only?

Yes No

If no, the subject is excluded from the study.

Additional screening notes:
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Queen's University
Belfast

Department of Medicine,
Lower Ground Floor,
Pathology Building,
Grosvenor Road ,
Belfast, BT12 6BJ
Telephone: 02890240503 ext 2557
Fax: 0289023 5900

,ocino and Dictlln.
Intl'n clltinll I ri,11
~

~

Direct line: 0289063 2557

Subject Number:

CONSENT FORM
Title of Project: Effect of fruit and vegetable consumption on immune
function in the elderly - a randomised control/ed trial
Name of Researcher: Charlotte Neville

Please initial box

1. I confirm that I have read and understand the information sheet dated
21/08/2006 for the above study and have had the opportunity to
ask questions.

D

2. I understand that my participation is voluntary and that I am free to withdraw
at any time, without giving any reason, without my medical care or legal rights
being affected.

D

3. I give permission for my GP to be informed of my participation.

D
D

4. I agree to take part in the above study, inclusive of the procedures mentioned
in the Patient Information Sheet (blood sampling , urine sampling, dietary and
lifestyle questionnaires, cognitive and mood function questionnaires, vaccine
administration , measures of muscle strength, physical activity and physical
performance)

Name of Participant

Date

Signature

Name of Person taking consent
(if different from researcher)

Date

Signature

Date

Signature

_Charlotte Neville_ _
Researcher

1 for subject; 1 for researcher
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Queen's University
Belfast

Department of Medicine,
Lower Ground Floor,
Pathology Building ,
Grosvenor Road ,
Belfast, BT12 6BJ
Telephone: 02890240503 ext 2723
Fax: 02890235900
Direct line: 028 9063 2723
Email: c.neville@qub.ac.uk

Our ref:
Date:

Dear Dr
Re :

Your patient has agreed to take part in a research study. The aim of the study is to
assess the effects of different levels of fruit and vegetable consumption on immune
function , and bone and muscle function.
The study has been designed by investigators from the School of Medicine and
Dentistry at Queen's and will be supervised by Prof I Young.
For the next sixteen weeks they will be consuming their normal diet apart from fruit
2 portions per
and vegetable content which will be either as in their usual diet
day) or 5 portions per day depending on randomisation.

«=

Blood and urine samples will be collected at baseline and after six, twelve and
sixteen weeks. At twelve weeks , two vaccines will be administered - tetanus and
Pneumovax 11. We will write again to confirm when the vaccinations have been given
so that you can update your patient's immunisation records accordingly.
In the meantime, we would be very grateful if you would fax back the attached sheet
detailing their vaccine history for pneumovax. Our fax number is 02890 235900.
If you would like any additional information about the study in the interim, please
contact me on ext 2723.

Yours sincerely

Charlotte Neville
ADIT Study Co-Ordinator
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Queen's University

Belfast

Department of Medicine,
lower Ground Floor,
Pathology Building,
Grosvenor Road,
Belfast, BT12 6BJ
Telephone: 02890240503 ext 2723
Fax: 02890235900

Ageing ,1Ild DietaQ
(nten cntion T !"i,11

Direct line: 028 9063 2723
Email : c.neville@qub.ac.uk

PNEUMOVAX 11 VACCINATION RECORD - ADIT Study
Our ref:
Name of patient:
Date of birth:
Address:

Please provide the following details:Has pneumovax previously been administered to the above patient? Yes/No
If yes, when did the patient receive the pneumovax vaccine? _ _ _ _ _ _ __
Did they have any adverse reaction? _ _ _ _ _ _ __

GP signature: _ _ _ _ _ _ _ _ _ __

Date:, _ _ _ _ __

Please return this sheet by fax to 02890 235900 for attention of Charlotte
Neville (AD-IT Trial Co-Ordinator).
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Appendix 6

Physical activity questionnaire
Date
Subject no

Which of the following best describes your usual walking pace? (please tick)
Slow _

Steady average _

Fairly brisk _

Fast (at least 4 miles/hr)_

In a typical week during the past year, how many hours did you spend each week in
the following activities? (Write 0 ifno activity)

Walking to work, shopping and leisure

Summer- - - - hours/week
Winter

Cycling, including to work and leisure

----

hours/week

Summer - - - - hours/week
Winter

Gardening, heavy, for example digging, mowing

hours/week

Summer- - - - hours/week
Winter

Gardening, light, for example, pruning, watering

----

- - - - hours/week

Summer ____ hours/week
Winter

hours/week

Physical exercise, for example fitness, aerobics

Summer - - - - hours/week

swimming, jogging, tennis

Winter

hours/week

DIY, for example, on house or car

- - - - hours/week

Housework activities, light, for example, cooking,
washing up, dusting

- - - - hours/week

Housework, heavy, for example, hoovering, floors,
window cleaning

----

hours/week

386

Appendix 7

Medical and Lifestyle Questionnaire
Date- - - - - SUbject

SUbject D.O.B_ __

00._ _ __

1. Sex: M

F

2. Resting BP: Systolic ___ mmHg

Diastolic
3. Weight :

Systolic ___mmHg

mmHg

Diastolic

mmHg

_ _ _ . _kg

4. Height (to nearest 0.1cm):

----

5. Demi-span (twice, to nearest O.lcm):

----

cm
cm

6. Do you regularly take any vitamins, minerals or other

- - - -cm

Yes

No

Yes

No

8. Are you a current smoker? (one or more Cigarettes a day)
Yes
If you are a current smoker, how many do you smoke on average?

No

food supplements? (ifyes please specify)

7. Are you on a special diet?

(if yes please specify)

_ _ perday

OR

_ _ per week

How many years have you been smoking?
What do you smoke? (please tick)

years

Cigarettes

0

Pipe

0

Cigars

0

9. Are you an ex-smoker? (i.e. have not smoked in the last year) Yes
If you are an ex-smoker, how many did you smoke on average?
___ per day OR

No

_ _ perweek
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How many years did you smoke this many? _
When did you start smoking?

years

---

When did you stop smoking? _ __
What did you smoke? (please tick)
Cigarettes 0
Pipe

0

Cigars

0

10. Are there any smokers in your household?

Yes

No

How often are you exposed to other people's smoke?

11 . How often do you normally drink alcohol? (please tick box)
Never or occasionally
Once or twice a week
Three to five times a week
Six or seven times a week

0
0
0
0

How much would you normally drink per week?
Beer or Cider ....................... . ....... .. .... .. ... .. . .. .
Wine .................................... .... ... ........... .. .
Spirits .. . .................................................. ... .

Total number of Units per week. .. ....... .............. .
(1 unit = halfpint of beer or cider, 1 measure of spirit, or 1 glass of wine)

12. How many years did you spend in full-time education? _ _ _ _ _ _ __
13 . What was your previous occupation? _ _ _ _ __ __ _ _ _ _ __
14. Have you ever had any fractured or broken limbs?

Yes

No

If yes, what bone was fracturedlbroken? _ _ _ _ _ _ _ _ _ _ _ __
If yes, when did the fracturelbreak occur?
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15. Are you taking or have you ever been prescribed
hormone replacement therapy?

Yes

No

If yes, what is the name of the HRT?

If yes, how long were you prescribed it I have you been taking it?

] 6. At what age did you go through the menopause?

-----

17. Are you currently taking any other medication? Yes
(ify es please specify)

No _ _
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BARRIERS TO FRUIT AND VEGETABLE QUESTIONNAIRE
Screening no:
Subject no:
Please complete all statements, as accurately and truthfully as possible, by circling the
response which most applies to you at the current time, from :

Strongly
Agree
SA

Slightly
agree

A

Neither agree
nor disagree
N

Slightly
disagree

o

Strongly
disagree

SO

I enjoy eating fruit and vegetables

SA A N 0

SO

I like the taste of fruit and vegetables

SA A N 0

SO

I find fruit and vegetables easy to store so that they keep well at home

SA A N 0

SO

I find fruit and vegetables easy to prepare and cook for eating

SA A N 0

SO

I find fruit and vegetables easy to chew and digest

SA A N 0

SO

I find fruit and vegetables tasteless and dull to eat

SA A N 0

SO

The shop where I usually buy food has a wide choice of fruit & vegetables SA A N 0

SO

I eat enough fruit and / or vegetables for my health ... .... ... .. .... ... .. .. .

SA A N 0

SO

I eat the recommended amount of fruit and / or vegetables for my health

SA A N 0

SO

I am aware of current government recommendations to eat 5+ portions
of fruit and / or vegetables per day ....... ...... ............... . .......... .... . .

SA A N 0

SO

I would consider cutting out foods I normally eat in order to eat more
fruit and / or vegetables ..................... . ........ . ..... .. ... ..... . ... ...... .. .

SA A N 0

SO

Buying more fruit and / or vegetables than I already do would be
difficult for me due to the cost ... .... .. .. ... . ... ... .. .......... ... ... ..... ...... .

SA A N 0

SO

Buying more fruit and / or vegetables than I already do would be
difficult for me due to the effort in getting them home ... .......... .. ... ... ...

SA A N 0

SO

Buying more fruit and / or vegetables than I already do would be
difficult for me due to the effort in preparing them ...... ... .................. .

SA A N 0

SO

Buying more fruit and / or vegetables than I already do would be
difficult for me due to the limited choice in the shop ... ....... ....... .... .... .

SA A N 0

SO

I am satisfied with the choice of fruit and / or vegetables at the
shop where I usually buy my food ............. .. .... .... . .... .. ..... .... ..... .. .

SA A N 0

SO

I can afford the fruit and / or vegetables at the shop where I usually
buy my food ... ... ....... ...... .......... .. .... ......... ...... ... ...... .. ... ... ... ... .

SA A N 0

SO

I would eat more fruit / vegetables in order to help control my weight

SA A N 0

SO

I would eat more fruit / vegetables in order to help improve my health

SA A N 0

SO

I would eat more fruit and / or vegetables in order to help
protect myself against poor health ....... ............. .......................... .

SA A N 0

SO

I would eat more fruit and / or vegetables in order to increase
the number of nutrients I eat ............................ .................. ... ... ..

SA A N 0

SO

I would eat more fruit and / or vegetables in order to increase
the number of vitamins and minerals I eat .. ... . ... .... .. ..................... .

SA A N 0

SO

... .......
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BARRIERS TO FRUIT AND VEGETABLE QUESTIONNAIRE
Please complete all questions as accurately and truthfully as possible, with your current
opinions.

1.

Do you think you eat enough fruit and vegetables?

2. Are there any reasons why you do not eat more fruit and vegetables?

3. What can be done to help you eat more fruit and vegetables?

If you have any other comments on the research , please add these below.

Thank you for taking part in this questionnaire
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