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Abstract  

Increased fruit and vegetable (FV) intake is associated with reduced blood pressure. 

However, it is not clear whether the effect of FV on blood pressure depends on the type of 

FV consumed. Furthermore, there is limited research regarding the comparative effect of 

juices or whole FV on blood pressure. Baseline data from a prospective cohort study 

examined the cross-sectional association between total FV intake, but also specific types of 

FV and blood pressure in France and Northern Ireland. A total of 01001 men aged 50–59 

years were recruited from 1991 to 1994. Blood pressure was measured in a clinic setting, and 

dietary intake was assessed by food-frequency questionnaire (FFQ). After adjusting for 

potential confounders, both systolic (SBP) and diastolic blood pressure (DBP) were 

significantly inversely associated with total fruit, vegetable and fruit juice intake however 

when results were examined according to the sub-type of fruit or vegetable (citrus fruit, other 

fruit, fruit juices, cooked vegetables and raw vegetables), only the other fruit and raw 

vegetable categories were consistently associated with reduced SBP and DBP. In relation to 

the risk of hypertension based on systolic blood pressure >140 mmHg, the odds ratio for total 

fruit, vegetable and fruit juice intake (per fourth) was 0.95 (95 % CI 0.91, 1.00), with the 

same estimates being 0.98 (CI % 0.94, 1.02)  for citrus fruit intake (per fourth), 1.02 (CI % 

0.98, 1.06) for fruit juice intake (per fourth), 0.93 (CI % 0.89, 0.98)  for other fruit intake (per 

fourth), 1.05 (CI % 0.99, 1.10)  for cooked vegetable intake (per fourth) and 0.86 (CI % 0.80, 

0.91) for raw vegetable intake (per fourth). Similar results were obtained for DBP. In 

conclusion, a high overall intake of fruit, vegetables and fruit juice was inversely associated 

with SBP and DBP and risk of hypertension, but that this association differs by FV sub-type, 

suggesting that the strength of the association between these FV sub-types and blood pressure 

might be related to the type consumed, or to processing or cooking-related factors. 
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Introduction  

Hypertension is a major public health challenge and it is the most important, modifiable risk 

factor for cardiovascular diseases (CVD) incidence and mortality
(1)

. The global prevalence of 

hypertension reached 22 % in 2014 and is expected to increase to 29.2 % in 2025 if current 

trends persist
(2)

. Among US adults, the crude prevalence of hypertension was 45.6 % and, 

according to the 2017 ACC/AHA guidelines, antihypertensive medication was recommended 

for 36.2 % of the adult population,
(3)

. Lifestyle modification and dietary management can be 

an effective treatment for high blood pressure (BP), in addition to medication in advanced 

stages
(4)

.  

 

A high fruit and vegetable (FV) intake has been associated with reduced BP
(5–8)

 as well as a 

reduction in the risk of CVD
(9-10)

, including coronary heart disease (CHD)
(11)

. A number of 

intervention studies have shown that increased daily intake of FV decreased BP significantly 

compared with a control diet
(12,13

). In contrast, some intervention studies have not 

demonstrated reductions in BP in response to increased FV intake
(14-16)

. These contrasting 

results may be related to variations in the type of FV consumed within each intervention, but 

whether the effect of FV on BP depends on the type of FV consumed is largely unknown.  

For example, FV juices, as a sub-type of FV, are generally thought to have less desirable 

effects than fresh FV because they contain less fibre, although similar levels of other 

nutrients, e.g. vitamin C
(8,17)

.  The comparative effect of juices or whole FV on BP and other 

CVD outcomes is relatively understudied. There is also debate regarding the effect of cooked 

vegetables versus raw vegetables on health and the effect of processing/cooking on the 

nutritional content of FV and its effect on health, including CVD risk factors and hard CVD 

outcomes
(18)

. For example, cross-sectional results from the INTERMAP study showed that 

both raw and cooked FV were associated with BP, with the association with raw vegetables 

being somewhat stronger than for cooked vegetables
(18)

.  

 

This study aimed to determine the relationship between daily portions of FV intake, either 

considered overall or as specific sub-types of FV (citrus fruit, other fruit, fruit juices, cooked 

vegetables and raw vegetables) and BP in 50-59 year old men from France and Northern 

Ireland (NI). The overall hypothesis was that higher overall FV intake would be associated 

with reduced BP, but that the association may differ according to the type of FV consumed.   
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Method  

Study population  

 

The PRIME (Prospective Epidemiological Study of Myocardial Infarction) study is a multi-

centre, prospective cohort study examining cardiovascular disease and associated risk factors 

in men. The study was initiated from previous collaborative work carried out within the 

WHO ‘MONICA project’ (Multinational Monitoring of trends and determinants in CVD)
(19)

. 

Sampling procedures, study design and primary endpoints have been described fully 

elsewhere
(19)

.  Between 1991 and 1994, 10,600 male participants were recruited, aged 

between 50-59 years, in four different centres (one centre in NI and three in France): Lille 

(n= 2,633), Strasbourg (n= 2,612), and Toulouse (n= 2,610) in France and Belfast (n= 2,745) 

in NI. The sample was recruited to broadly match the social class structure of the population. 

Written consent was obtained from all participants at baseline and ethical approval was 

obtained from the Research Ethics Committee of the Faculty of Medicine, Queen’s 

University Belfast. 

 

Assessment of exposure measures 

Dietary data were collected via a short, self-administered 16-item FFQ at baseline, in the 

participant’s home, and was later checked by an interviewer in the clinic for consistency and 

missing responses. Participants were asked to indicate their usual frequency of consumption 

of a standard portion of fruit or vegetable based on the last weeks using the following scale: 

more than once per d (number per d); daily; three to four times per week; once per week; 

twice per month; once per month; never. The FFQ measured the frequency of consumption of 

16 food items including overall intake of FV and FV sub-types. For the purposes of this 

study, frequencies of intake were converted into portions per day. The FV were then grouped 

into five separate sub-types (citrus fruit, fruit juice, other fruit, raw vegetables and cooked 

vegetables), as asked within the FFQ, and also summed to provide a measure of overall/total 

fruit, vegetable and fruit and vegetable juice (FVJ) intake. Potatoes were not included as they 

are not considered to be a vegetable in the UK, and they have not been included in previous 

PRIME analyses
(20)

.  

 

Assessment of outcome measures  

All participants underwent a clinical examination at baseline to obtain anthropometric 

measurements including height (to the nearest cm), weight (to the nearest 200g) and waist 
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and hip circumference (to the nearest 0.5cm). All measurements were carried out using 

standardized instruments and procedures. Body mass index (BMI) was computed as weight 

(kg) divided by height squared (m
2
). Resting SBP and DBP was measured once at the end of 

the examination with an automatic device (Spengler SP9; Spengler, F94230 Cachan, France), 

by trained staff, after a five minute rest in the sitting position.  

 

 

Assessment of other variables  

At baseline, participants completed self-administered questionnaires relating to demographic 

and socioeconomic factors
(19)

. Participants then attended a clinic, where their questionnaires 

were checked for completeness. Information was collected on participants’ socioeconomic 

status, psychosocial factors, medication and tobacco use, physical activity level and personal 

and family medical history 
(20)

. Socio-economic status was based on a composite score of 

material conditions in the household based on three proxy indicators (the type of living 

accommodation (rented or owned/mortgage), the number of cars/vans/motorcycles in the 

household and the number of baths and/or showers and toilets in the home). Composite 

scores were categorised into low, medium and high
(21)

.   

Lifetime smoking was categorised as: never smoked, smoked other than cigarettes, smoked 

<15 cigarette pack years, smoked ≥15 but <30 cigarette pack years and smoked ≥30 cigarette 

pack years. Physical activity was recorded in metabolic equivalent scores per week. A CVD 

screening examination was also conducted at baseline which included a detailed history of 

previous CVD and asked participants to report if a doctor had ever identified them as having 

a given risk factor for CVD and to state any past or current treatment. In addition to this, the 

London School of Hygiene CVD Questionnaire for Chest Pain on Effort and Possible 

Infarction was used for each participant
(22)

. Participants were also asked to give details on any 

history of diabetes: diabetes was defined by the current intake of oral hypoglycaemic 

treatment or use of insulin. Self-reported alcohol consumption was recorded in the form of a 

daily diary which participants completed over a 7 day period for a number of different types 

of alcoholic drinks. Alcohol intake was converted into ml per week and subsequently 

categorised as: none, 1–128, 129–265, 266–461 and ≥462 ml per week.  

 

Blood samples were drawn at baseline from each participant after a 12 hour fast. Venous 

blood was collected into EDTA tubes and returned to the local laboratory within four hours 
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of collection
(19)

.  Lipids, including total cholesterol and HDL cholesterol, were analysed 

immediately, while other samples were aliquoted for long-term storage at -150 °C. 

 

 

Statistical methods 

Statistical analysis was performed using SPSS v22.0 (SPSS Inc, Chicago, IL). Data were 

summarised as mean and SD. Chi-square and independent samples t-tests were used to 

compare categorical data and continuous data, respectively, between countries. Differences in 

general characteristics across quartile categories of FV intakes were also assessed using 

descriptive statistical tests. One-way ANOVA with Tukey’s post-hoc comparison was used 

for continuous variables and chi-square test was used for categorical variables. Univariate 

linear and logistic regression models were used to examine associations between BP and 

overall FV and the five FV sub-types. For linear regression, systolic blood pressure (SBP) 

and diastolic blood pressure (DBP) were analysed as continuous variables and FV sub-types 

were analysed as categorical variables (i.e. per fourth). The following cut-offs (Q1 – Q4) 

were used: Citrus fruit ≤0.07, 0.08–0.29, 0.30–0.50, ≥0.50 portions/day; Fruit juice ≤0.00, 

0.01–0.07, 0.08–0.50, ≥0.50; Other fruit ≤0.14, 0.15–0.50, 0.51–1.00, ≥1.01; Raw vegetables 

≤0.29, 0.30-0.50, 0.51–1.00, ≥1.01; Cooked vegetables ≤0.29, 0.30–0.50, 0.51–1.00, ≥1.01; 

FVJ ≤1.60, 1.61–2.30, 2.31–3.57, ≥3.58.  For logistic regression, all dependent and 

independent variables were analysed as categorical variables. For BP, the following cut-

points were used to define hypertension: SBP ≥140 and DBP ≥90 mmHg.  All regression 

analyses were adjusted for potential confounding factors which included factors that were 

associated with SBP, DBP and FV intake in the current analysis and also other commonly 

known confounders that have been previously highlighted in the literature. Model 1 was 

unadjusted; Model 2 was adjusted for age and country; Model 3 was adjusted as for Model 2 

plus BMI, height, smoking (five categories), physical activity, total cholesterol, HDL 

cholesterol, education level (primary, secondary, technical and high), material conditions 

(low, medium and high) as a measure of socio-economic position, alcohol intake (five 

categories), diabetes and CHD history. Further sensitivity analyses were also conducted to 

examine potential intermediary effects of BMI and total cholesterol and HDL. For all 

analyses, a p value of ≤0.05 was considered statistically significant.  
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Results  

Baseline characteristics of all PRIME participants and for participants in NI and France 

separately are shown in Table 1. There were significant differences in all baseline 

characteristics between the two countries, with the exception of SBP. Age, BMI, history of 

diabetes, smoking (all levels), education level (all levels), material conditions (all levels), and 

DBP were significantly higher in France while alcohol intake, physical activity and SBP were 

significantly higher in NI compared to France. Intakes of total FVJ, citrus fruit, other fruit 

and raw vegetables were significantly higher in France compared to NI (all p<0.001) while 

intakes of fruit juices and cooked vegetables were significantly higher in NI compared to 

France.  Significant positive correlations were observed between intakes of FV across the 

various sub groups (all p<0.001, data not shown). 

 

Table 2 shows the characteristics of participants across the quartiles of total FVJ intakes.  

Results showed a significant difference in age, incidence of diabetes, alcohol intake, physical 

activity, smoking, education level, material conditions and blood pressure across the quartiles 

of FVJ intake.  

 

Table 3 shows the association between SBP and FV intake, both unadjusted and adjusted for 

confounders. Model 1 showed that FVJ intake was significantly associated with SBP, and this 

remained significant when adjusted for age and country (Model 2), and in the fully adjusted 

model (Model 3). When FV categories were examined separately, increased citrus fruit intake 

was significantly associated with reduced SBP in both the unadjusted analyses and when 

adjusted for age and country.  However, significance was lost in the fully adjusted model.  An 

association was also evident between increased other fruit and raw vegetable intake and 

reduced SBP in all models.  In contrast, intake of fruit juice and intake of cooked vegetables 

showed no association with SBP in all models.  SBP decreased by 0.46 mmHg as intake of 

FVJ increased (per fourth), by 0.63 mmHg as intake of other fruit increased (per fourth) and 

by 1.29 mmHg as intake of raw vegetables increased (per fourth), after adjustment for 

potential confounders.  

 

Table 4 shows the association between DBP and FV intake. The unadjusted analysis showed 

that FVJ intake was significantly associated with DBP and this remained significant after 

adjusting for age and country, and also in the fully adjusted model. When FV categories were 

examined separately, other fruit and raw vegetables were significantly associated with SBP, 
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and this remained significant when adjusted for age and country, and also in the fully 

adjusted model.  Both citrus fruit intake and cooked vegetable intake were associated with 

reduced DBP in the unadjusted analyses and after adjusting for age and country, but the 

association became non-significant in the fully adjusted model. In contrast, fruit juice intake 

was not associated with DBP in all models.  DBP decreased significantly, by 0.45 mmHg, as 

intake of FVJ increase (per fourth), by 0.56 mmHg as intake of other fruit increased (per 

fourth) and by 1.01 mmHg as intake of raw vegetables increased (per fourth), after 

adjustment for all confounders.  

 

Table 5 shows the association between risk of hypertension (based on SBP >140 mmHg) and 

FV intake, both as overall FVJ intake and by separate FV categories.  The odds ratio of 

increased SBP was significantly reduced as FVJ intake increased, and this was significant in 

both the unadjusted and adjusted analyses.  A similar pattern was evident for intake of other 

fruits and intake of raw vegetables. For citrus fruit, associations were significant in model 1 

(unadjusted) and in model 2 (adjusted for age and country), but statistical significance was 

lost in the fully adjusted model.  In contrast, no association was observed between fruit juice 

or cooked vegetable intake and SBP. The risk of hypertension decreased by 5 % as intake of 

FVJ increased per fourth, and decreased by 7 % as other fruit and 14 % as raw vegetable 

intake increased per fourth. 

 

Table 6 shows the association between risk of hypertension (based on DBP ≥90 mmHg) and 

FV intake, both as overall FVJ intake and by separate FV categories.  The odds ratio for 

having increased DBP was significantly reduced as FVJ intake increased, and this was 

significant in both the unadjusted and adjusted analyses.  A similar pattern was evident for 

intakes of other fruits and intake of raw vegetables. For citrus fruit, significant associations 

were observed after adjusting for age and country, however significance was lost in the fully 

adjusted model.  In contrast, no association was observed between fruit juice or cooked 

vegetable intake and DBP. The risk of increased DBP decreased by 6 %, 10 % and 17 % as 

intakes of FVJ, other fruit and raw vegetables increased (per fourth), respectively. 

 

Further exploratory analyses were conducted to examine potential intermediary effects of 

BMI and also HDL and total cholesterol. The results of this analysis did not alter the findings 

observed (data not shown).  
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Discussion  

Using data collected from populations in Northern Ireland and France, SBP and DBP were 

significantly inversely associated with intake of overall FVJ, but, when considering sub-

types, were only associated with other fruit and raw vegetables. Increased intakes of the two 

sub-types were consistently associated with reduced BP, and reduced risk of hypertension.  

There was no association between increased intake of citrus fruit, fruit juice or cooked 

vegetables and either SBP, DBP, or risk of hypertension.   Most previous studies have 

considered FV together, without taking into consideration the FV sub-types
(12,16,23

). Some 

studies also include juice within the overall FV variable, while others do not
(24)

.  Unlike other 

studies, the current study considered intakes of FV sub-types, as well as overall FVJ intake, 

with adjustment for confounders.  

 

These results are in line with a number of studies that reported an inverse association between 

overall FV intake and BP
(25)

. A recent meta-analysis of observational studies concluded that 

increasing FV intake was associated with reduced BP
(26)

. Individual studies, not included in 

the meta-analyses, also reported similar findings
(27–29)

. The beneficial effect of overall FV 

intake on BP reduction is suggested to be due to the effect of the combination of nutrients and 

other components found in FV (for example, fibre, antioxidants, other vitamins and minerals) 

potentially acting synergistically to improve the vascular phenotype
(12)

. Determining the 

effect of any single nutrient within FV over other nutrients is very difficult, but examining the 

effect of overall FV as a food group may be more reflective and relevant to our habitual 

diet
(12)

. Our results support the notion that total FVJ intake has a protective effect against 

hypertension, likely due to the effect of the combination of many nutrients such as 

phytochemicals, vitamins and minerals
(30)

. 

 

 Analysis of FV sub-types indicated that other fruit (not citrus and not fruit juice) and raw 

vegetables were significantly associated with BP. In contrast, citrus fruit, fruit juice and 

cooked vegetables were not associated with BP outcomes. There is limited research on the 

association between sub-types of FV such as citrus fruit and BP. Our results are consistent 

with other studies which reported no association between fruit juice and BP
(31–33)

.  As 

suggested by previous studies, this lack of association is possibly due to the low fibre and 

high sugar (either as added sugar or fructose) content
(8,18)

 which have been associated with 

high BP
(34)

.  Conflicting evidence, however, comes from a number of previous studies which 

examined the effect of a single type of fruit juice on BP, with some reporting positive effects 
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of specific types of fruit juices e.g. cherry juice, berry juice, pomegranate juice on BP
(32,35,36)

. 

It is possible that the specific type of fruit juice may be important in terms of its effect on BP, 

and may relate to the presence of other bioactive compounds
(33)

, or processing conditions
(37)

. 

 

Interestingly, our findings showed a negative association between other fruit (not citrus and 

not fruit juice) and BP outcomes. Some studies have found inverse associations between 

single types of fruit, such as apple and tart cherry, and BP
(8,32)

. For example, Keane et al. 

concluded that Montmorency tart cherry intake acutely reduced SBP in men with early 

hypertension
(32)

 while Oude Griep et al reported a positive relationship between DBP and 

apple intake in East Asian consumers, although this was not found in other countries 
(8)

. 

 

Finally, when comparing the association of cooked vegetables versus raw vegetables on BP, 

our results indicated a significant association between raw vegetable intake and BP, but no 

significant association between cooked vegetables and BP, after adjusting for confounding 

factors. The lack of association between cooked vegetables and BP in our study may be 

explained by the effect of the cooking method on the nutritional value of the vegetables. 

Similar findings were reported in the cross-sectional, US-based INTERMAP study which was 

conducted in 2195 males and females age 40-59 years.  In this study an inverse association 

was noted between both raw vegetable intake and BP, and cooked vegetable intake and BP, 

but the association was stronger for raw vegetables
(16)

. The results of this study were 

potentially explained by the effect of cooking, which could significantly change the chemical 

composition of vegetables and influence the concentration and bioavailability of bioactive 

compounds, such as antioxidant, water-soluble and heat sensitive nutrients
(38)

. The effect also 

depends on cooking conditions (such as cooking duration and method) and morphological 

and nutritional characteristics of vegetable species, in addition to the interaction with other 

dietary factors that can affect nutrient absorption
(38,39)

.  

 

Study Strengths and Limitations 

Strengths of the current study are that it considered the sub-type of FV as well as overall FV 

intake. The analysis was also carried out, using the same methodology, on pooled data 

collected in France and Northern Ireland, two countries with significant differences in 

lifestyle behaviours. In addition, unlike other studies, the PRIME study sample was large and 

included a wide range of confounding factors. 

 

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . Q

ueen's U
niversity Belfast , on 12 M

ay 2020 at 11:10:33 , subject to the Cam
bridge Core term

s of use, available at https://w
w

w
.cam

bridge.org/core/term
s . https://doi.org/10.1017/S0007114520001518

https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114520001518


Accepted manuscript 

Limitations of the current analysis include the specific age group and gender of the 

population (males, aged 50–59 years), therefore it is difficult to generalise the findings to 

women or younger age groups.  In addition, assessment of lifestyle behaviours relied on self-

report rather than objective measures. The use of a non-validated FFQ to assess dietary intake 

is also a limitation. Although, widely used in epidemiological studies, FFQs are prone to 

recall bias, thus limiting their accuracy in assessing dietary intake. In the current study, a 

short 16-item FFQ was used to assess dietary intake and the number of specific types of FV 

and fruit juices, therefore, further exploration of the association between further sub-types of 

FV and BP was not possible.  Similarly, detailed information about vegetable cooking 

methods and processing were not available.  However, previous results by Dauchet et al 

demonstrated that this FFQ was suitable for discriminating between low and high consumers 

of FV. In their analysis, they noted strong positive correlations between the self-reported FV 

intakes from the FFQ and biomarkers of FV status, specifically B-cryptoxanthin, vitamin C 

and α- and β-carotene
20

. Furthermore, a previous study reported that dietary questionnaires 

with restricted number of items do not overly affect the ability to rank individuals according 

to their FV intake
40

. However, we cannot rule out the possibility that the observed 

associations between FV intakes may be explained by compensatory changes in other food 

intakes that we were unable to explore. The retrospective nature of the FFQ is also a limiting 

factor in that it only reflected food consumption over the previous seven day period and 

therefore did not capture potential seasonal variation in food intake.  Although our analyses 

were adjusted for country, there may also have been differences between the two countries in 

terms of overall dietary pattern.  Indeed, a further analysis showed that when the two 

countries were analysed separately, the findings became stronger for France while those for 

Northern Ireland became attenuated, however, for Northern Ireland, this may simply have 

been due to lack of statistical power. The assessment of blood pressure also had limitations in 

that only one BP measurement was performed, therefore, results should be viewed with 

caution.  Given the high variability of general BP measures, the use of one blood pressure 

measurement limits identification of cases of hypertension and in particular, limits continuous 

analyses with blood pressure.   In addition, lifestyle behaviours were only assessed at one 

time-point, and data collection for this study took place from 1991-1993; therefore we cannot 

rule out the possibility of change in lifestyle behaviours, including dietary habits and food 

products consumed over time.  The cross-sectional design of the study is also a key limitation 

in that both the exposure and outcome measures were simultaneously assessed, thus ruling 

out evidence of a temporal relationship. The cross-sectional design raises the issue of reverse 
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causality. Indeed, the associations observed in the current study do by no means indicate, nor 

prove, that FV reduce blood pressure or hypertension. Reverse causality may weaken any 

true association between FV intake and blood pressure. Without longitudinal data, it is not 

possible to establish a true cause and effect relationship. It is also possible that other 

confounding factors not accounted for in the current study may be masking the true effect of 

FV intake on blood pressure. Finally, while the results are interesting, the lack of validation 

of the FFQ together with the limited assessment of BP means that the overall results need to 

be interpreted with caution.  This cohort will have included men at baseline who had been 

diagnosed with hypertension and were being managed by anti-hypertensive medication.  

These participants may have been classified as non-hypertensive, but that will have been due 

to the prescribing of anti-hypertensive medication and the control of their BP.  In the current 

study, we were unable to adjust for use of BP medication due to the lack of availability of 

anti-hypertensive medication data for the French cohort. However, reanalysis of the Belfast 

cohort with exclusion of those who reported use of anti-hypertensive medication at baseline 

did not alter findings (data not shown).   

 

Conclusion  

In conclusion, after adjusting for potential confounding factors, the results of cross-sectional 

analysis suggested that overall FVJ intake may be associated with reduced BP and reduced 

risk of hypertension. When FV were analysed separately, the association with BP depended 

on the FV sub-type, with other fruit and raw vegetable intake being inversely associated with 

BP, but not fruit juice, citrus fruit or cooked vegetables. These results suggest that the 

strength of the association between FV sub-types and BP might be related to the type of FV 

consumed, or to processing or cooking-related factors.  A more defined classification of FV 

consumed during dietary data collection may provide more valuable information when 

studying associations with health outcomes.  Further intervention studies to examine the 

dose-response effects of specific FV on BP are recommended, with a consideration of the 

possible effect of factors, such as storage, processing and cooking, that will impact on overall 

nutrient profile. 
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Table 1. Baseline characteristics of participants in the PRIME study 

 

 All participants 

(n= 10660 ) 

Northern Ireland 

(n= 2745) 

France 

(n= 7855) 

p-value  

Lifestyle characteristics  Mean or n SD or % Mean or n SD or % Mean or n SD or %  

Age (year) 54.9  2.9 54.8 2.9 54.9 2.8 0.02 

BMI (kg/m2) 26.6  3.5 26.3 3.4 26.7 3.4 ≤0.001 

Height (cm) 172.7  6.6 173.8 6.8 172.3 6.4 ≤0.001 

Diabetes  No 10243  96.1% 2698 98.3% 7545 96.1%  

≤0.001 
 Yes  357  3.3% 47 1.7% 310 3.9 % 

Alcohol None  1844  17.4% 1095 39.9% 749 9.5 %  

 

≤0.001  1-128 ml/ wk 2262  21.3% 473 17.2% 1789 22.8 % 

 129-265 ml/ wk 2260 21.3% 494 18.0% 1766 22.5 % 

 266-441 ml/ wk 2080 19.6% 306 11.1% 1774 22.6 % 

 >441 ml/ wk 2154 20.3% 377 13.7% 1777 22.6 % 

Physical activity (MET hr/wk) 9.1 3.5 9.3 3.3 9.0  3.6 0.002 

Smoking  Never 3037 28.5% 904 32.9% 2133  26.9%  

 

0.002  No cigarettes 793 7.4% 167 6.1% 626 7.9% 

 ≤15 pack yrs 2212 20.8% 329 12.5% 1883 23.8% 

 >15, ≤30 pack yrs 2022 19.0% 453 16.5% 1569 19.8 % 

 >30 pack yrs 2466 23.1% 877 31.9% 1589 20.1% 

. https://doi.org/10.1017/S0007114520001518
D

ow
nloaded from

 https://w
w

w
.cam

bridge.org/core . Q
ueen's U

niversity Belfast , on 12 M
ay 2020 at 11:10:33 , subject to the Cam

bridge Core term
s of use, available at https://w

w
w

.cam
bridge.org/core/term

s

https://doi.org/10.1017/S0007114520001518
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


Accepted manuscript 

Education Level Primary 2412 22.6% 743 27.1% 1669  21.1%  

 

≤0.001 Secondary 1203 11.3% 391 14.2% 812  10.3% 

Technical  3486 32.7% 855 31.1% 2631 33.2% 

Higher  3179 29.8% 690 25.1% 2489 31.4% 

Material conditions  Low  2656 24.9% 1075 39.2% 1581 20.0% 

Medium  1601 15.0% 586 21.3% 1015 12.8%  

≤0.001 
High  6304 59.1% 1081 39.4% 5223 66.0% 

SBP (mm Hg) 133.7 19.0 133.9  20.6 133.7 18.4 0.54 

DBP (mm Hg)  83.65 11.69 81.74 11.5 84.32 11.69 ≤0.001 

FVJ intake (portions/d) FVJ 2.60 1.40 2.28 1.40 2.70 1.37 <0.001 

 Citrus fruit 0.45 0.52 0.36 0.47 0.47 0.53 <0.001 

 Fruit juice 0.28 0.38 0.37 0.41 0.25 0.36 <0.001 

 Other fruit 0.68 0.64 0.56 0.58 0.72 0.66 <0.001 

 Cooked vegetables 0.63 0.46 0.71 0.54 0.60 0.43 <0.001 

 Raw vegetables 0.56 0.46 0.28 0.44 0.66 0.43 <0.001 

         

SBP, systolic blood pressure. DBP, diastolic blood pressure. BMI, body mass index. MET, metabolic equivalent scores (physical activity level), FVJ, fruit, 

vegetable and juice intake. 

Continuous variables are presented as mean (SD) while categorical variables are presented as n (%).  

Differences between countries analysed using independent samples t-test for continuous variables and chi-square test for categorical variables.   
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Table 2: Characteristics of participants across quartiles of total fruit, vegetable and juice intake 

  Q1  Q2  Q3  Q4  p-value 

Characteristic  Mean or n  SD or % Mean or n SD or % Mean or n SD or % Mean or n SD or %  

Age (years)  54.76 2.90 54.86 2.89 54.96 2.88 55.06 2.86 0.002 

BMI (kg/m2)  26.56 3.62 26.71 3.41 26.61 3.39 26.57 3.46 0.40 

Height (cm)  172.4 6.51 172.7 6.64 172.7 6.45 172.8 6.69 0.11 

Diabetes No 2596 97.1% 2316 97.1% 3165 95.8% 2083 96.7% 0.02 

 Yes  76 2.8% 70 2.9% 138 4.2% 71 3.3%  

Alcohol None  486 18.2% 408 17.1% 546 16.5% 389 18.0% <0.001 

 1-128 ml/ wk 430 16.1% 493 20.7% 745 22.5% 577 26.8%  

 129-265 ml/ wk 490 18.3% 489 20.5% 772 23.4% 500 23.2%  

 266-441 ml/ wk 531 19.9% 498 20.9% 655 19.8% 378 17.5%  

 >441 ml/ wk 735 27.5% 498 20.9% 585 17.7% 310 14.4%  

Physical activity 

(MET hr/wk)  

 8.91 3.72 8.92 3.47 9.19 3.44 9.18 3.52 0.003 

Smoking Never 620 23.4% 679 28.7% 1036 31.5% 685 31.9% <0.001 

 No cigarettes 169 6.4% 177 7.5% 252 7.7% 188 8.8%  

 ≤15 pack yr 477 18.0% 484 20.4% 709 21.6% 524 24.4%  

 >15, ≤30 pack yr 519 19.6% 459 19.4% 628 19.1% 396 18.5%  

 >30 pack yr 864 32.6% 568 24.0% 658 20.0% 353 16.4%  

Education level Primary 761 29.3% 495 21.3% 675 21.0% 455 21.9% <0.001 

 Secondary 320 12.3% 275 11.9% 372 11.6% 230 11.1%  

 Technical  932 35.9% 827 35.7% 1100 34.2% 597 28.7%  

 Higher  584 22.5% 712 30.7 1066 33.2% 797 38.3%  

Material conditions Low  896 33.6% 566 23.8% 750 22.8% 411 19.2% <0.001 

 Medium  426 16.0% 376 15.8% 488 14.8% 302 14.1%  

 High  1342 50.4% 1436 60.4% 2056 62.4% 1427 66.7%  

SBP (mmHg)  134.96 20.34 133.83 18.53 133.51 18.32 132.32 18.53 <0.001 

DBP (mmHg)  84.30 12.28 83.73 11.33 83.58 11.44 82.80 11.62 <0.001 

BMI, body mass index.  SBP, systolic blood pressure. Continuous variables are presented as mean (SD) while categorical variables are presented as n (%).  

Difference between fourths analysed using one way ANOVA for continuous variables and chi-square test for categorical variables 
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Table 3. Linear regression analysis of the association between systolic blood pressure and FV variables in the PRIME study 

 FVJ Citrus fruit Fruit juices  Other fruit Cooked vegetables  Raw vegetables 

       

Model 1 

Q1 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 

Q2 -1.13 (-2.18, -0.08) -1.26 (-2.20, -0.33) -1.84  (-2.79, -0.89)  -1.33 (-2.29, -0.38) -0.45 (-1.35, 0.46) -0.64 (-1.58, 0.30) 

Q3 -1.45 (-2.42, -0.49) -1.54 (-2.68, -0.40) -1.12 (-2.16, -0.07) -1.09 (-2.04, -0.13) -0.19 (-1.12, 0.74) -2.53 (-3.58, -1.49) 

Q4 -2.64 (-3.72, -1.56) -1.12 (-2.10, -0.14) -0.76 (-1.76, 0.23) -3.83 (-5.21, -2.44) -1.39 (-3.45, 0.68) -4.39 (-6.51, -2.27) 

Per Fourth  -0.81 (-1.15, -0.48) -0.36 (-0.68,  -0.05) -0.28 (-0.59, 0.03) -0.87 (-1.26, -0.49) -0.18 (-0.60, 0.24)  -1.39 (-1.85, -0.93) 

p- value  ≤0.001 0.02 0.08 ≤0.001 0.40  ≤0.001 

Model 2 

Q1 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 

Q2 -1.21 (2.24, -0.17) -1.10 (-2.02, -0.17) -1.52 (-2.46, -0.58) -1.27 (-2.22, -0.33) -0.41 (-1.31, 0.48) -0.94 (-1.94, 0.06) 

Q3 -1.61 (2.58, -0.65) -1.50 (-2.63, -0.36) -0.89 (-1.92, 0.15) -1.22 (-2.17, -0.26) -0.32 (-1.26, 0.62) -2.96 (-4.11, -1.80) 

Q4 -2.88 (-3.95, -1.80) -1.16 (-2.14, -0.19) -0.78 (-1.78, 0.22) -4.15 (-5.53, -2.76) -1.52 (-3.57, 0.53) -4.92 (-7.09, -2.76) 

Per Fourth  -0.89 (-1.23, -0.56) -0.39 (-0.70, -0.07) -0.27 (-0.58, 0.04) -0.97 (-1.35, -0.58) -0.25 (-0.67, 0.18) -1.62 (-2.12, -1.11) 

p- value  ≤0.001 0.02 0.09 ≤0.001 0.25 ≤0.001 

Model 3 

Q1 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 

Q2 -0.84 (-1.89, 0.21) -0.55 (-1.49, 0.38) -0.54 (-1.49, 0.41) -0.93 (-1.89, 0.04) -0.31 (-1.20, 0.59) -0.95 (-1.98, 0.07) 

Q3 -0.93 (-1.91, 0.05) -0.78 (-1.92, 0.36) -0.23 (-1.28, 0.82) -0.77 (-1.74, 0.21) 0.33 (-0.62, 1.28) -2.36 (-3.54, -1.18) 

Q4 -1.51 (-2.62, -0.41) -0.15 (-1.14, 0.84) -0.29 (-1.30, 0.72) -2.82 (-4.23, -1.41) -0.44 (-2.52, 1.64) -4.16 (-6.33, -2.00) 

Per Fourth  -0.46 (-0.81, -0.12) -0.06 (-0.38, 0.26) -0.09 (-0.41, 0.23) -0.63 (-1.03, -0.24) 0.097 (-0.33, 0.53) -1.29 (-1.81, -0.78) 

p- value  0.01 0.72 0.59 0.002 0.66 ≤0.001 

FV, fruit and vegetables. FVJ, fruit, vegetables and juice 

Values represent mean difference (95% CI) from reference category (Q1)  

Model 1 unadjusted; Model 2 adjusted for age, country; Model 3 adjusted for age, country, cholesterol, BMI, height, physical activity, alcohol intake, education 

level, material conditions, smoking, diabetes and CHD history. 
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Table 4. Linear regression analysis of the association between diastolic blood pressure and FV variables in the PRIME study 

 FVJ Citrus fruit Fruit juices  Other fruit Cooked vegetables  Raw vegetables 

  

Model 1 

Q1 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 

Q2 -0.57 (-1.22, 0.07) -0.12 (-0.69, 0.46) -0.45 (-1.03, 0.14) -0.40 (-0.98, 0.19) -0.46 (-1.02, 0.09) 1.07 (0.49, 1.65) 

Q3 -0.72 (-1.31, -0.12) -0.57 (-1.27, 0.13) -0.15 (-0.80, 0.49) -0.65 (-1.25, -0.06) -0.99 (-1.57, -0.42) 0.03 (-0.61, 0.67) 

Q4 -1.50 (-2.17, -0.84) -0.53 (-1.14, 0.07) -0.42 (-1.04, 0.19) -2.05 (-2.91, -1.20) -1.42 (-2.69, -0.15) -1.86 (-3.17, -0.56) 

Per Fourth  -0.45 (-0.66, -0.25) -0.20 (-0.39, -0.004) -0.12 (-0.31, 0.07) -0.52 (-0.76, -0.28) -0.49 (-0.75, -0.23) -0.29 (-0.58, -0.002) 

p- value  ≤0.001 0.04 0.23 ≤0.001 ≤0.001 0.05 

Model 2 

Q1 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 

Q2 -0.77 (-1.42, -0.13) -0.32 (-0.89, 0.26) -0.40 (-0.98, 0.18) -0.58 (-1.17, 0.003) -0.26 (-0.81, 0.29) -0.23 (-0.85, 0.39) 

Q3 -1.04 (-1.63, -0.44) -0.93 (-1.63, -0.23) 0.13 (-0.51, 0.77) -0.95 (-1.54, -0.36) -0.47 (-1.05, 0.11) -1.75 (-2.46, -1.03) 

Q4 -2.02 (-2.68, -1.35) -0.89 (1.50, -0.29) -0.03 (-0.65, 0.58) -2.63 (-3.48, -1.77) -1.64 (-2.91, -0.38) -3.74 (-5.07, -2.40) 

Per Fourth  -0.62 (-0.83, -0.41) -0.32 (-0.51, -0.13) 0.02 (-0.18, 0.21) -0.68 (-0.92, -0.45) -0.32 (-0.58, -0.06) -1.10 (-1.41, -0.79) 

p- value  ≤0.001 0.001 0.88 ≤0.001 0.02 ≤0.001 

Model 3  

Q1 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference) 

Q2 -0.85 (-1.50, -0.19) -0.09 (-0.67, 0.50) -0.22 (-0.81, 0.38) -0.55 (-1.15, 0.05) -0.30 (-0.86, 0.26) -0.40 (-1.04, 0.25) 

Q3 -0.69 (-1.31, -0.08) -0.69 (-1.40, 0.03) 0.23 (-0.43, 0.88) -0.80 (-1.41, -0.19) -0.13 (-0.73, 0.46) -1.57 (-2.31, -0.84) 

Q4 -1.58 (-2.27, -0.89) -0.37 (-0.99, 0.25) 0.01 (-0.62, 0.64) -2.15 (-3.03, -1.27) -1.15 (-2.46, 0.15) -3.70 (-5.05, -2.34) 

Per Fourth  -0.45 (-0.66, -0.23) -0.16 (-0.36, 0.04) 0.03 (-0.17, 0.23) -0.56 (-0.80, -0.31) -0.15 (-0.41, 0.12) -1.01 (-1.34, -0.69) 

p- value  ≤0.001 0.12 0.75 ≤0.001   0.29 ≤0.001  

FV, fruit and vegetables. FVJ, fruit, vegetables and juice. 

Values represent mean difference (95 % CI) from reference category (Q1). 

Model 1 unadjusted; Model 2 adjusted for age, country; Model 3 adjusted for age, country, cholesterol, BMI, height, physical activity, alcohol intake, education 

level, material conditions, smoking, diabetes and CHD history. 
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Table 5.  Logistic regression analysis of the association between hypertension (SBP>=140 mmHg) and FV variables in the PRIME study 

 FVJ Citrus fruit Fruit juices  Other fruit Cooked vegetables  Raw vegetables 

  

Model 1 

Q1 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

Q2 0.92 (0.82, 1.04) 0.86 (0.77, 0.95) 0.87 (0.79, 0.97) 0.87 (0.78, 0.97) 1.01 (0.92, 1.12) 0.93 (0.84, 1.04) 

Q3 0.82 (0.76, 0.92) 0.89 (0.79, 1.01) 0.94 (0.84, 1.06) 0.89 (0.80, 0.99) 1.04 (0.94, 1.15) 0.77 (0.69, 0.87) 

Q4 0.79 (0.70, 0.59) 0.85 (0.77, 0.95) 1.02 (0.91, 1.13) 0.70 (0.60, 0.82) 0.93 (0.73, 1.17) 0.55 (0.43, 0.71) 

Per Fourth  0.93 (0.89, 0.96) 0.96 (0.92, 0.99) 1.00 (0.97, 1.04) 0.92 (0.88, 0.96)  1.01 (0.96, 1.06)  0.86 (0.81, 0.90) 

p- value  ≤0.001 0.01 0.96 ≤0.001  0.74 ≤0.001  

Model 2 

Q1 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

Q2 0.92 (0.82, 1.03) 0.87 (0.78, 0.97) 0.90 (0.81, 0.998) 0.87 (0.78, 0.97) 1.01 (0.92, 1.12) 0.90 (0.81, 1.01) 

Q3 0.82 (0.74, 0.92) 0.90 (0.79, 1.02) 0.96 (0.85, 1.08) 0.88 (0.79, 0.98) 1.03 (0.93, 1.15) 0.73 (0.64, 0.84) 

Q4 0.79 (0.70, 0.89) 0.85 (0.76, 0.95) 1.02 (0.91, 1.13) 0.68 (0.58, 0.80) 0.91 (0.72, 1.16) 0.52 (0.40, 0.67) 

Per Fourth  0.92 (0.89, 0.96) 0.95 (0.92, 0.99) 1.00 (0.97, 1.04) 0.91 (0.87, 0.95) 1.00 (0.96, 1.05) 0.83 (0.79, 0.88) 

p- value  ≤0.001 0.01 0.92 ≤0.001  0.91  ≤0.001  

Model 3 

Q1 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

Q2 0.94 (0.83, 1.07) 0.92 (0.82, 1.03) 0.99 (0.88, 1.11) 0.90 (0.80, 1.02) 1.04 (0.93, 1.16) 0.88 (0.77, 1.00) 

Q3 0.88 (0.78, 0.99) 0.96 (0.83, 1.10) 1.02 (0.99, 1.17) 0.91 (0.81, 1.03) 1.13 (1.00, 1.27) 0.77 (0.67, 0.89) 

Q4 0.88 (0.77, 0.11) 0.93 (0.82, 1.05) 1.07 (0.94, 1.21) 0.74 (0.62, 0.89) 0.99 (0.76, 1.30) 0.53 (0.40, 0.72) 

Per Fourth  0.95 (0.91, 1.00) 0.98 (0.94, 1.02) 1.02 (0.98, 1.06) 0.93 (0.89, 0.98) 1.05 (0.99, 1.10) 0.86 (0.80, 0.91) 

p- value  0.03 0.32 0.30 0.01 0.11 ≤0.001  

FV, fruit and vegetables. FVJ, fruit, vegetables and juice. OR, Odds ratio. SBP, systolic blood pressure.  

Values represent OR (95% CI) for FV intake in comparison to Q1 (reference category). 

Model 1 unadjusted; Model 2 adjusted for age, country; Model 3 adjusted for age, country, cholesterol, BMI, height, physical activity, alcohol intake, education 

level, material conditions, smoking, diabetes and CHD history. 
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Table 6.  Logistic regression analysis of the association between hypertension (DBP>=90 mmHg) and FV variables in the PRIME study 

 FVJ Citrus fruit Fruit juices  Other fruit Cooked vegetables  Raw vegetables 

  

Model 1 

Q1 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

Q2 0.89 (0.79,1.01) 0.94 (0.84, 1.04) 0.93 (0.83, 1.04) 0.95 (0.85, 1.07) 0.98 (0.88, 1.08) 1.15 (1.03, 1.28) 

Q3 0.86 (0.77, 0.96) 0.87 (0.76, 0.99) 0.99 (0.87, 1.11) 0.87 (0.78, 0.98) 0.92 (0.83, 1.03) 0.93 (0.82, 1.05) 

Q4 0.79 (0.70,0.90) 0.91 (0.81, 1.02) 1.03 (0.92, 1.16) 0.69 (0.59, 0.82) 0.78 (0.61, 1.01) 0.72 (0.55, 0.94) 

Per Fourth  0.93 (0.89, 0.97) 0.97 (0.93, 1.00) 1.01 (0.97, 1.05) 0.91 (0.87, 0.95) 0.95 (0.90, 1.00) 0.93 (0.88, 0.98) 

p- value  ≤0.001 0.07 0.67  ≤0.001  0.04 0.01 

Model 2  

Q1 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

Q2 0.87 (0.77, 0.89) 0.91 (0.82, 1.02) 0.93 (0.84, 1.05) 0.93 (0.83, 1.04) 1.00 (0.90, 1.11) 0.97 (0.86, 1.09) 

Q3 0.83 (0.74, 0.93) 0.83 (0.73, 0.95) 1.02 (0.91, 1.16) 0.84 (0.75, 0.94) 0.98 (0.88, 1.10) 0.74 (0.64, 0.85) 

Q4 0.74 (0.65, 0.94) 0.87 (0.78, 0.98) 1.08 (0.96, 1.21) 0.64 (0.54, 0.76) 0.76 (0.59, 0.98) 0.57 (0.43, 0.75) 

Per Fourth  0.91 (0.87, 0.95) 0.95 (0.92, 0.99) 1.03 (0.99, 1.06) 0.89 (0.85, 0.93) 0.97 (0.92, 0.02) 0.84 (0.79, 0.89) 

p- value  ≤0.001 0.01 0.19 ≤0.001  0.22 ≤0.001  

Model 3 

Q1 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 

Q2 0.86 (0.76, 0.98) 0.98 (0.87, 1.10) 0.96 (0.84, 1.08) 0.96 (0.84, 1.08) 0.99 (0.88, 1.11) 0.91 (0.79, 1.04) 

Q3 0.89 (0.79, 1.01) 0.89 (0.77, 1.03) 1.07 (0.94, 1.23) 0.87 (0.77, 0.99) 1.03 (0.91, 1.17) 0.73 (0.62, 0.85) 

Q4 0.78 (0.69, 0.81) 0.97 (0.86, 1.11) 1.11 (0.97, 1.26) 0.66 (0.55, 0.80) 0.79 (0.59, 1.04) 0.52 (0.39, 0.71) 

Per Fourth  0.94 (0.90, 0.88) 0.99 (0.95, 1.03) 1.04 (1.00, 1.08) 0.90 (0.85, 0.95) 0.99 (0.94, 1.05) 0.83 (0.77, 0.89) 

p- value  0.000 0.46  0.08 ≤0.001  0.73 ≤0.001  

DBP, diastolic blood pressure, FV, fruit and vegetables. FVJ, fruit, vegetables and juice. OR, Odds ratio. 

Values represent OR (95 % CI) for FV intake in comparison to Q1 (reference). 

Model 1 unadjusted; Model 2 adjusted for age, country; Model 3 adjusted for age, country, cholesterol, BMI, height, physical activity, alcohol intake, education 

level, material conditions, smoking, diabetes and CHD history. 
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