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Key Findings

•	 Data is available for 28 biochemical biomarkers for 3,082 
individuals within the NICOLA Cohort. All individuals 
participating in the health assessment were also offered 
rapid testing and feedback for blood glucose and lipid 
levels.

•	 Approximately 54% of males and females in the NICOLA 
cohort had low vitamin D levels. The majority who were 
deficient in vitamin D were aged over 80 years. 

•	 The majority of the 3082 participants showed results 
within normal ranges for all other serum-based 
biochemical biomarkers. 

•	 NICOLA welcomes expressions of interest to collaborate 
and make maximal use of the data generated. Please 
contact our NICOLA team for further information: 
nicola-research@qub.ac.uk 
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7.1 Introduction
Analysing biological samples allows us to objectively evaluate biomarkers that help 
provide information about a person’s health. For example, testing biomarkers such 
as blood glucose (blood sugar) levels can identify people with undiagnosed diabetes, 
while analysing blood lipid levels can provide important information about a person’s 
risk of cardiovascular disease. Often biomarkers can provide an early indication of 
disease before symptoms develop, provide us with information on how a disease is 
progressing and / or suggest therapies.

Biological samples (urine and blood for DNA, RNA, plasma and serum) were collected 
at Wave 1 to provide baseline data for 3514 participants in this long-term prospective 
cohort study. We plan to collect additional biological samples during subsequent 
Waves of NICOLA.

Multiple biomarker studies have been performed using this early baseline data with 
biological material safely stored for future biochemistry-based biomarker studies. 
A full list of the biochemical biomarkers currently available in the NICOLA cohort 
are presented in Table 7.1 This chapter presents the findings from the biochemical 
analysis of the samples. 

Table 7.1: Overview of biochemical biomarkers and derived phenotypes currently available in the  
NICOLA cohort

Biomarker Derived variables

Apolipoprotein A
Apolipoprotein B
Cholesterol
Direct low-density lipoprotein
Gamma glutamyltransferase
High-density lipoprotein-cholesterol
Lipoprotein (a)
Triglycerides
Alkaline phosphatase
Calcium
Rheumatoid factor
Vitamin D
Oestradiol
Sex hormone-binding globulin
Testosterone
Glucose
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Creatinine

eGFR equation based on serum creatinine

eGFR combined equation based on serum 
creatinine and serum cystatin C

Chronic Kidney Disease 

Chronic Kidney Disease Stage

End-Stage Renal Disease

Cystatin C
eGFR equation based on serum cystatin C

eGFR combined equation based on serum 
creatinine and serum cystatin C

Phosphate
Total protein
Urate
Urea
Alanine aminotransferase
Albumin
Aspartate aminotransferase
Direct Bilirubin
Gamma Glutamyltransferase
Total Bilirubin

Abbreviation: eGFR: estimated glomerular filtration ratio

7.2 Measurement of biochemistry-based biomarkers
Blood samples for biochemical biomarkers were collected in EDTA / clot activator 
tubes. Samples for glucose testing were collected in tubes containing potassium 
oxalate / sodium fluoride as a glycolysis inhibitor. The serum tubes were allowed to 
clot for at least 3 minutes and centrifuged at 3,000 rpm for 10 minutes at 4°C.

All samples were analysed in Hamburg at our collaborator Prof Tanja Zeller’s 
laboratory. An Abbott ARCHITECT i2000 system was used for Testosterone, sex 
hormone-binding globulin (SHBG) and vitamin D analyses, while the reminder of the 
tests were carried out on the Abbott ARCHITECT c8000 system. Serum biomarkers 
were analysed for 3082 participants in the NICOLA Wave 1 cohort, of whom 52.5% 
were women (n = 1617). The percentage of missing values was 0.29% for SHBG (n = 
9); 0.16% for oestradiol (n = 5); 0.13% for testosterone, vitamin D, rheumatoid factor 
and total bilirubin (n = 4); 0.10% (n = 1) for Lipoprotein (a) (Lp(a)), and 0.06% (n = 2) 
for the remaining biomarkers analysed. The data presented for the biomarkers below 
does not take into account any medication that a participant may have been taking, 
nor any diseases diagnosed. Values in this chapter are presented as mean ± SD or 
median (interquartile range).
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7.3 Cardiovascular biomarkers
Cardiovascular disease (CVD) has become the leading cause of death globally (1). 
Approximately 485.6 million people were living with CVD in 2017, 72.7 million 
new cases were diagnosed and 17.8 million died as a consequence of CVD, which 
represents 31.8% of all causes of death (1,2). CVD also causes substantial morbidity, 
estimated to cost €210 billion a year to the EU economy (3).

Dyslipidaemias, characterized by increased plasma levels of low-density lipoprotein 
cholesterol (LDL), very low-density lipoprotein cholesterol (VLDL), triglyceride (TG), 
and reduced plasma levels of high-density lipoprotein cholesterol (HDL) are among 
the modifiable lifestyle risk factors with a high impact on cardiovascular diseases 
(CVD) (4–8). Their management is therefore crucial in the prevention of CVD. 
Apolipoproteins are proteins that bind lipids to form lipoproteins (VLDL, LDL and 
HDL), whose function is to transport lipids in blood, cerebrospinal fluid and lymph. 
VLDL and LDL both contain one molecule of the major structural glycoprotein 
apolipoprotein B-100 whereas lipoprotein(a) or Lp(a) contains an additional large 
glycoprotein, apolipoprotein(a) (9). HDL contains ApoA1 as its major structural 
protein, being the only non-ApoB-containing lipoprotein in the blood (9). 
One of the key components in the development of CVD is the persistent elevation of 
certain pro-inflammatory biomarkers, like the C-reactive protein (CRP), one of the 
earliest reversible precursors of atherosclerosis (10–12).

Cholesterol
Cholesterol levels above 5.2 mmol/L are generally considered elevated and related 
to a higher risk of adverse cardiovascular events. Women in the NICOLA cohort had 
higher median cholesterol (5.84 mmol/L) levels than men (4.98 mmol/L) (Figure 7.1).

Figure 7.1: Percentage of NICOLA participants with serum levels of cholesterol above / below 5.2 mmol/L, 
by age group and sex. 
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Direct Low Density Lipoprotein
Men in the NICOLA cohort had LDL (median) levels of 118 mg/dL versus 136 mg/dL 
in women. 43.0% of women had normal LDL levels (< 130 mg/dL); 59.6% of men had 
normal LDL levels (Figure 7.2).

Figure 7.2: Percentage of NICOLA participants with serum levels of low-density lipoproteins above / below 
130 mg/dL, by age group and sex. 

HDL-Cholesterol
Men in the NICOLA cohort had HDL (median levels) of 54 mg/dL versus 67 mg/dL 
in women. Women had better/best HDL levels in 88% of cases, versus 91% of men 
(Figure 7.3). 

Figure 7.3: Percentage of NICOLA participants with low / normal / high serum levels of high-density 
lipoproteins, by age group and sex. 
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Triglycerides
Men in the NICOLA cohort had TG (median levels) of 136 mg/dL versus 121 mg/
dL in women. Men had normal TG levels (< 200 mg/dL) in 79% cases, whereas this 
percentage was 86% in women (Figure 7.4).

Figure 7.4: Percentage of NICOLA participants with serum levels of triglycerides above / below 200 mg/
dL, by age group and sex. 

Lipoprotein (a)
Lipoprotein(a), Lp(a), is a modified atherogenic LDL particle that contains 
apolipoprotein(a), with variable levels in the population. The consensus statement 
by HEART UK, based on the evidence that Lp(a) is an independent CVD risk 
factor, recommends its measurement in adults with a personal or family history of 
premature atherosclerotic CVD, those with first-degree relatives who have Lp(a) 
levels >200 nmol/l, patients with familial hypercholesterolemia, calcific aortic valve 
stenosis and those with risk of a cardiovascular event (13). Median levels of Lp(a) in 
the cohort was 13 mg/dl, and 87% of male and 92% of females had Lp(a) levels above 
3 mg/dL, associated with higher CVD risk, regardless of age (Figure 7.5).

Figure 7.5: Percentage of NICOLA participants with serum levels of Lipoprotein (a), above / below 3 mg/
dL, by age group and sex. 
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Apolipoprotein A1
Almost all NICOLA participants had normal levels of ApoA1 (99% males; 98% 
females), independent of age (Figure 7.6). Median ApoA1 levels were 1.68 g/dL.

Figure 7.6: Percentage of NICOLA participants with low / normal / high serum levels of apolipoprotein A1 
(ApoA1), by age group and sex. 

Apolipoprotein B
The majority of NICOLA participants had normal levels of ApoB (86% males; 88% 
females), regardless of age (Figure 7.7). Median levels of ApoB were 1.04 g/dL in 
women and 1.0 g/dL in men.

Figure 7.7: Percentage of NICOLA participants with normal / high serum levels of apolipoprotein B, by age 
group and sex. 
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C-reactive protein
Approximately 80% of NICOLA participants had CRP levels ≤ 5 mg/L, independent 
of age and sex (Figure 7.8). Median CRP levels in the cohort were 1.63 mg/L.

Figure 7.8: Percentage of NICOLA participants with serum levels of C-reactive protein, above / below 5 
mg/L, by age group and sex. 

7.4 Bone and Joint Biomarkers
Musculoskeletal disorders represent ≈17.8% of all causes of the global burden 
of disease (2), being responsible from 0.22% of all causes of death in 2017, with 
rheumatoid arthritis (RA) being the single major contributor (1). In fact, RA and 
osteoarthritis accounted for 20.6 and 303.1 million prevalent cases and 1.2 and 14.9 
million incident cases diagnosed globally in 2017 respectively (1,2).

Vitamin D deficiency has classically been associated with musculoskeletal conditions, 
such as rickets and osteomalacia, although its association with other conditions has 
also been established (14). Approximately 50% of the UK population have vitamin D 
insufficiency in spring (15,16), associated with an increased risk of mortality and of 
several common diseases including CVD, diabetes, cancer and multiple sclerosis (17).

RA is a chronic inflammatory disorder affecting the synovial lining of joints, tendon 
sheaths, and bursae. Among the many autoantibodies and proteins generated in 
the course of RA, immunoglobulin M rheumatoid factor (RF) and anti-citrullinated 
protein antibodies are the two that are most commonly used in clinical practice (18). 
Both of them are capable of identifying RA in a relatively sensitive and specific way 
and predict a worse prognosis of the disease (19 – 22).

Alkaline phosphatases are widely distributed enzymes (liver, bile ducts, intestine, 
bone, kidney, placenta, and leukocytes) that catalyse the release of orthophosphate 
from ester substrates at an alkaline pH. Serum alkaline phosphatase activity may be 
increased in liver disease (23), bone disorders such as Paget’s disease, osteomalacia 
and bone metastases, but also in normal processes such as during rapid bone growth 
in children or in the later stages of pregnancy (24). 
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The majority of NICOLA participants had normal levels of ApoB (86% males; 88% females), 

regardless of age (Figure 7.7). Median levels of ApoB were 1.04 g/dL in women and 1.0 g/dL 

in men. 

 

	 
	

Figure 7.7: Percentage of NICOLA participants with normal / high serum levels of 
apolipoprotein B, by age group and sex.  
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Calcium is the most prevalent cation in the body, whose serum concentrations are 
tightly controlled by Parathyroid Hormone and 1, 25-dihydroxyvitamin D. Estimations 
of serum levels of calcium are used in the diagnosis and treatment of parathyroid 
disorders, renal disease, a variety of bone disorders, carcinomas, acromegaly and 
pancreatitis.

Vitamin D
The median value of serum vitamin D among the NICOLA participants was 19.1 ng/
mL. In males, 15% of 50 - 65 year olds, 12% of 65 - 80 year olds and 23% of those 
aged over 80 years were found to be deficient in vitamin D (< 25 nmol/L) (17). In 
females, 23% of those aged under 50 years, 17% of 50 - 65 year olds, 14% of 65 - 80 
year olds and 31% of those aged over 80 years were deficient in vitamin D.

Figure 7.9: Percentage of NICOLA participants with deficient / insufficient / adequate / optimum serum 
levels of vitamin D, by age group and sex. 

Rheumatoid factor
Serum levels of rheumatoid factor were normal in the majority of the NICOLA 
participants, median 7.1 IU/mL (Figure 7.10).

Figure 7.10: Percentage of NICOLA participants with serum levels of rheumatoid factor, above / below 20 
IU/mL, by age group and sex. 
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Alkaline phosphatase
The levels of alkaline phosphatase in serum were normal (44 - 147 U/L) in the 
majority of the NICOLA participants, with median values of 73 U/L (Figure 7.11).

Figure 7.11: Percentage of NICOLA participants with low / normal / high serum levels of alkaline 
phosphatase, by age group and sex.

 

Calcium
Serum levels of calcium were normal in over 80% of the NICOLA participants, across 
ages and gender (Figure 7.12). Median level of serum calcium was 2.4 g/L.
 

Figure 7.12: Percentage of NICOLA participants with low / normal / high serum levels of calcium, by age 
group and sex.

	

135	
	

 

	

Figure 7.11: Percentage of NICOLA participants with low / normal / high serum levels 
of alkaline phosphatase, by age group and sex. 

		

Calcium 

Serum levels of calcium were normal in over 80% of the NICOLA participants, across ages 

and gender (Figure 7.12). Median level of serum calcium was 2.4 g/L. 

 

	  

	

Figure 7.12: Percentage of NICOLA participants with low / normal / high serum levels 
of calcium, by age group and sex. 

	

7.5 Hormonal Biomarkers 

Neoplasms, with a worldwide prevalence of 100.5 million (1.4% of total burden of disease) 

and an incidence of 24.4 million in 2017, represents one of the major concerns in public 

health, being responsible of 17.1% of all global deaths (9.6 million) in the same year (1,2).  
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which binds and controls the levels of sex-hormones within the circulation (25). Its serum 

concentration is an indicator of the metabolic clearance of sex steroids and their access to 
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7.5 Hormonal Biomarkers
Neoplasms, with a worldwide prevalence of 100.5 million (1.4% of total burden 
of disease) and an incidence of 24.4 million in 2017, represents one of the major 
concerns in public health, being responsible of 17.1% of all global deaths (9.6 million) 
in the same year (1,2). 

SHBG is a glycated homo-dimeric plasma transport glycoprotein produced by 
hepatocytes, which binds and controls the levels of sex-hormones within the 
circulation (25). Its serum concentration is an indicator of the metabolic clearance 
of sex steroids and their access to target tissues. Serum SHBG levels have been 
significantly associated with increased risk of breast and prostate cancer, polycystic 
ovary syndrome (26), osteoporosis, obesity and metabolic syndrome (27).

Testosterone, the major androgenic steroid hormone, is responsible for the 
development of secondary sexual characteristics in men. Most of the circulating 
testosterone is bound to the carrier protein SHBG. In women, high levels of 
testosterone in serum are associated with polycystic ovaries, ovarian cancer (28), 
adrenal tumours (29) and adrenal hyperplasia (27).

Oestradiol is a steroid hormone secreted mainly by the ovaries, although 
small amounts are produced by the adrenals and testis, hence present at low 
concentrations both in men and in post-menopausal women. Pathologically high 
values have been associated with neoplasms such as ovarian tumours (30), adrenal 
tumours (29) and testicular tumours (31), but also with other non-oncological 
conditions.

SHBG
Serum levels of SHBG in men were 50.3 nmol/L versus 67.9 nmol/L in women. In 
men, levels of SHBG gradually increased with age, from 43.4 nmol/L in men under 
50 years to 66.3 nmol/L in men over 80 years (Figure 7.13).
 
Figure 7.13: Percentage of NICOLA participants with low / normal / high serum levels of sex hormone-
binding globulin, by age group and sex.
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Testosterone
Testosterone levels in participants were normal in over 70% of men and 55% of 
women (Figure 7.14). Men had median serum levels of testosterone of 15.4 nmol/L, 
versus 0.75 nmol/L in women.
 
Figure 7.14: Percentage of NICOLA participants with low / normal / high serum levels of testosterone, by 
age group and sex.

Oestradiol
The majority of men in NICOLA had normal levels of serum oestradiol, across all 
ages, with a median value of 18 pg/mL (66 pmol/L) (Figure 7.). Women under 50 
years showed mostly pre-menopausal levels (47.0 pg/mL or 172 pmol/L) versus post-
menopausal levels over 50 years old, stabilised in a median of 10 pg/mL (37 pmol/L) 
(Figure 7.15).

Figure 7.15: Percentage of NICOLA participants with low / normal / high serum levels of oestradiol, by age 
group and sex.

7.6 Renal Biomarkers
Chronic kidney disease (CKD) has a prevalence up to 17.3% in adult European 
populations (32), and is a global public health problem (33) and a leading cause of 
death (1). Globally, approximately 697.5 million people had CKD in 2017, and 19.7 
million were newly diagnosed. Annually, 11.2 million people die from CKD, which 
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represents 2.2% of all global deaths (1,2). The worldwide prevalence of individuals 
with CKD is steadily increasing (2), being predicted to become the fifth leading cause 
of death worldwide by 2040 (34).

The 2012 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice 
Guideline developed by the Kidney Disease Outcomes Quality Initiative (KDOQI) 
of the National Kidney Foundation (NKF), recommends the use of estimated 
glomerular filtration rate (eGFR) in the evaluation, classification, and stratification 
of CKD (35). The most widely used eGFR equation, recommended by the KDOQI 
guidelines for initial assessment of kidney function (36), is based on serum creatinine, 
taking account of sociodemographic variables (age, gender and ethnicity). A second 
equation, based on the measurement of serum cystatin C (36), offers an alternative 
to the serum creatinine equation in situations where the latter is less accurate, such 
as in elderly individuals with low muscle mass and in those with extreme body mass 
index values (37).

Total protein in serum represents a combination of serum albumin (≈60%) and 
1, 2,  and  globulins (≈40%). Increased levels of total protein may be an indicator 
of dehydration but also of disorders that course with abnormally high production 
of protein, like inflammatory or oncologic conditions. Decreased levels of serum 
total protein are makers of conditions that interfere with production of albumin 
or globulin proteins, such as malnutrition or severe liver disease; increase the 
breakdown or loss of protein, such as kidney disease (nephrotic syndrome) or 
increase or expand the volume of plasma, such as congestive heart failure.

Urea, formed in the liver, is the nitrogen-containing end product of protein 
metabolism and the urea cycle. The kidneys eliminate about 85% of urea whereas 
the rest is excreted via the gastrointestinal tract. Although increased serum urea is 
usually an indicator of conditions where renal clearance decreases, like acute and 
chronic kidney disease, it may also increase in other conditions not related to renal 
diseases such as upper gastrointestinal bleeding, dehydration, catabolic states, and 
high protein diets. Low-protein diets and severe liver disease may lead to decreased 
urea concentrations in serum. Despite serum creatinine being a more accurate 
assessment of renal function, urea is usually increased earlier in kidney disease.

Hyperphosphatemia is associated with significant pathophysiology in CKD, which 
could contribute to increased mortality (38). Systemic oxidative stress associated 
with the dysregulation of iron and phosphate is a critical determinant of morbidity 
and mortality in CKD patients, especially those with concomitant CVD (39). High 
phosphate levels have been associated with an increased risk for infection in dialysis 
patients (40).

Hyperuricemia, defined by high concentration of serum urate, is common in people 
with CKD and is associated with adverse cardiovascular outcomes and progression of 
CKD (41–44). 
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Creatinine
Creatinine is the most commonly used endogenous marker for assessment of 
glomerular function. Serum creatinine levels were within normal range (50 – 120 
µmol/L) in over 90% of NICOLA participants across all age groups and sex (Figure 
7.16). Median value for serum creatinine was 73.4 µmol/L.
 
Figure 7.16: Percentage of NICOLA participants with low / normal / high serum levels of creatinine, by 
age group and sex.

Cystatin C
Cystatin C is a low-molecular-weight protein formed at a constant rate and freely 
filtered by the kidneys, which functions as a protease inhibitor and is produced by all 
nucleated cells in the body. 

Serum levels of cystatin C steadily increased with age in both men and women, with 
the majority of those aged 80 years and above having high levels (1 mg/L) (Figure 
7.17). Median values in men increased from 1.03 (< 50 years) to 1.40 mg/L (> 80 
years) and from 0.91 (< 50 years) to 1.40 mg/L (> 80 years) in women. 

Figure 7.17: Percentage of NICOLA participants with low / normal / high serum levels of cystatin C, by 
age group and sex.
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Figure 7.17: Percentage of NICOLA participants with low / normal / high serum levels 
of cystatin C, by age group and sex. 
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Total protein
The median serum levels of total protein in the NICOLA participants was 74.9 g/L, 
with around 80% of them within normal levels (60 - 80 g/L) (Figure 7.18).

Figure 7.18: Percentage of NICOLA participants with low / normal / high serum levels of total protein, by 
age group and sex.

Urea
The percentage of NICOLA participants who had serum urea within normal levels 
(2.5 - 7.0 nmol/L) decreased with age in both men and women from 100% to ≈60% 
(Figure 7.19). The median values in men increased from 5.13 (< 50 years) to 6.80 
mg/L (> 80 years) and from 4.47 nmol/L (< 50 years) to 6.35 nmol/L (> 80 years) in 
women. 

Figure 7.19: Percentage of NICOLA participants with low / normal / high serum levels of urea, by age 
group and sex.
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Phosphate
Over 80% of NICOLA participants had serum levels of phosphate within the normal 
range (0.74 - 1.4 mmol/L) (Figure 7.20). The median levels were 1.2 mmol/L.

Figure 7.20: Percentage of NICOLA participants with low / normal / high serum levels of phosphate, by 
age group and sex.

Urate
Between 60 - 80% of men and women in the NICOLA cohort had serum urate levels 
within the normal range, with a median value of 0.307 mmol/L (Figure 7.21). 
 
Figure 7.21: Percentage of NICOLA participants with low / normal / high serum levels of urate, by age 
group and sex.

7.7 Liver Biomarkers
Approximately 1500.6 million people were living with cirrhosis and other chronic 
liver diseases in 2017, 5.2 million new cases were diagnosed and 1.3 million died from 
the disease, which represents 2.4% of all global deaths (1,2). Human serum albumin 
accounts for 50% of the plasma proteins, involved in the transport of various metal 
cations such as copper and zinc as well as poorly water-soluble molecules such as 
cholesterol, bilirubin, and thyroxine. Lower levels of albumin in serum have been 
associated with liver disease (45).
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Albumin
Most of the NICOLA participants had serum albumin levels within the normal range 
(35 - 50 g/L) regardless of age and sex, with a median value of 42.6 g/L (Figure 7.22).
 

Figure 7.22: Percentage of NICOLA participants with low / normal / high serum levels of albumin, by age 
group and sex.

Direct Bilirubin
Most of the NICOLA participants showed normal levels of direct bilirubin (0 - 8 
μmol/L), with median levels of 3.53 μmol/L (Figure 7.23). 
 
Figure 7.23: Percentage of NICOLA participants with serum levels of direct bilirubin, above / below 8 
μmol/L, by age group and sex.

	

142	
	

Albumin 

Most of the NICOLA participants had serum albumin levels within the normal range (35 - 50 

g/L) regardless of age and sex, with a median value of 42.6 g/L (Figure 7.22). 

 

	 
	

Figure 7.22: Percentage of NICOLA participants with low / normal / high serum levels 
of albumin, by age group and sex. 

	

Direct Bilirubin 

Most of the NICOLA participants showed normal levels of direct bilirubin (0 - 8 �mol/L), with 

median levels of 3.53 �mol/L (Figure 7.23).  

	 
	

Figure 7.23: Percentage of NICOLA participants with serum levels of direct bilirubin, 
above / below 8 µmol/L, by age group and sex. 

	

Total Bilirubin 

Over 80% of men and almost all women in the NICOLA cohort had serum total bilirubin 

levels within the normal range (1 - 17 �mol/L) (Figure 7.24) (47). The median levels in men 

were 10.94 �mol/L and 8.39 �mol/L in women. 

 

	

142	
	

Albumin 

Most of the NICOLA participants had serum albumin levels within the normal range (35 - 50 

g/L) regardless of age and sex, with a median value of 42.6 g/L (Figure 7.22). 

 

	 
	

Figure 7.22: Percentage of NICOLA participants with low / normal / high serum levels 
of albumin, by age group and sex. 

	

Direct Bilirubin 

Most of the NICOLA participants showed normal levels of direct bilirubin (0 - 8 �mol/L), with 

median levels of 3.53 �mol/L (Figure 7.23).  

	 
	

Figure 7.23: Percentage of NICOLA participants with serum levels of direct bilirubin, 
above / below 8 µmol/L, by age group and sex. 

	

Total Bilirubin 

Over 80% of men and almost all women in the NICOLA cohort had serum total bilirubin 

levels within the normal range (1 - 17 �mol/L) (Figure 7.24) (47). The median levels in men 

were 10.94 �mol/L and 8.39 �mol/L in women. 

 

	

142	
	

Albumin 

Most of the NICOLA participants had serum albumin levels within the normal range (35 - 50 

g/L) regardless of age and sex, with a median value of 42.6 g/L (Figure 7.22). 

 

	 
	

Figure 7.22: Percentage of NICOLA participants with low / normal / high serum levels 
of albumin, by age group and sex. 

	

Direct Bilirubin 

Most of the NICOLA participants showed normal levels of direct bilirubin (0 - 8 �mol/L), with 

median levels of 3.53 �mol/L (Figure 7.23).  

	 
	

Figure 7.23: Percentage of NICOLA participants with serum levels of direct bilirubin, 
above / below 8 µmol/L, by age group and sex. 

	

Total Bilirubin 

Over 80% of men and almost all women in the NICOLA cohort had serum total bilirubin 

levels within the normal range (1 - 17 �mol/L) (Figure 7.24) (47). The median levels in men 

were 10.94 �mol/L and 8.39 �mol/L in women. 

 

	

142	
	

Albumin 

Most of the NICOLA participants had serum albumin levels within the normal range (35 - 50 

g/L) regardless of age and sex, with a median value of 42.6 g/L (Figure 7.22). 

 

	 
	

Figure 7.22: Percentage of NICOLA participants with low / normal / high serum levels 
of albumin, by age group and sex. 

	

Direct Bilirubin 

Most of the NICOLA participants showed normal levels of direct bilirubin (0 - 8 �mol/L), with 

median levels of 3.53 �mol/L (Figure 7.23).  

	 
	

Figure 7.23: Percentage of NICOLA participants with serum levels of direct bilirubin, 
above / below 8 µmol/L, by age group and sex. 

	

Total Bilirubin 

Over 80% of men and almost all women in the NICOLA cohort had serum total bilirubin 

levels within the normal range (1 - 17 �mol/L) (Figure 7.24) (47). The median levels in men 

were 10.94 �mol/L and 8.39 �mol/L in women. 

 



Chapter 7

120

Total Bilirubin
Over 80% of men and almost all women in the NICOLA cohort had serum total 
bilirubin levels within the normal range (1 - 17 μmol/L) (Figure 7.24) (47). The median 
levels in men were 10.94 μmol/L and 8.39 μmol/L in women.

Figure 7.24: Percentage of NICOLA participants with serum levels of total bilirubin, above / below 17 
μmol/L, by age group and sex.

Gamma Glutamyltransferase
Between 80 – 100% of NICOLA participants had normal levels of GGT regardless of 
sex or age (Figure 7.25). Women had a median GGT of 23.6 U/L versus 31.3 U/L in 
men. 

Figure 7.25: Percentage of NICOLA participants with serum levels of gamma glutamyltransferase (GGT), 
above / below 78 U/L (men) and 54 U/L (women), by age group and sex.
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Alanine aminotransferase
Over 80% of NICOLA participants showed normal levels of serum ALT activity, with a 
median value of 25 U/L (Figure 7.26).
 
Figure 7.26: Percentage of NICOLA participants with serum levels of alanine aminotransferase, above / 
below 50 U/L, by age group and sex.

Aspartate aminotransferase
The activity of the AST enzyme in serum was normal (1 - 45 U/L) in the majority of 
the NICOLA participants with a median value of 27 U/L (Figure 7.27).

Figure 7.27: Percentage of NICOLA participants with serum levels of aspartate aminotransferase, above / 
below 45 U/L, by age group and sex.
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7.8 Derived clinical variables based on biochemistry data
The eGFR equations derived for serum creatinine, cystatin C and the combined 
formula, along with CKD, CKD stage and ESRD variables, described in the 7.6 Renal 
Biomarkers section were calculated by Dr Marisa Cañadas-Garre and Dr Laura 
Smyth within the QUB Molecular Epidemiology and Public Health research team, 
funded by the Science Foundation Ireland-Department for the Economy (SFI-DfE) 
Investigator Program Partnership Award (15/IA/3152) and the Economic and Social 
Research Council (ES/L008459/1). All equations are based on those defined by 
the KDIGO2021 Clinical Practice Guideline for the Evaluation and Management of 
Chronic Kidney Disease. The values of the eGFR equation based on serum creatinine, 
serum cystatin C and both serum creatinine and cystatin C are presented in Table 7.2. 
Both men and women aged under 80 years old in the NICOLA cohort had eGFR in 
the normal range (over 60 mL/min/1.73m2) (35).

Table 7.2: Estimated glomerular filtration ratio, based on serum creatinine, cystatin C or both, according 
to the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation, by age and sex. Units in 
mL/min/1.73m2.

Equation Age 
(yrs)

Males Females

Median [IQR] Median [IQR]

eGFREPICreatinine < 50 102.1 [94.4-106.0] 95.5 [87.2-103.5]
50 - 65 91.4 [78.2-98.3] 87.1 [78.9-94.8]
65 - 80 79.0 [64.8-89.1] 77.2 [68.2-85.6]

> 80 64.3 [51.0-77.6] 63.8 [46.8-74.5]
eGFREPICystatinC < 50 78.4 [66.1-92.8] 86.1 [77.8-93.7]

50 - 65 73.7 [64.6-84.3] 74.8 [63.6-85.6]
65 - 80 59.5 [50.3-70.5] 60.1 [49.9-70.3]

> 80 45.3 [36.9-53.2] 43.0 [33.3-54.1]
eGFREPICreatinineCystatinC < 50 87.2 [80.4-99.7] 90.9 [82.3-97.3]

50 - 65 81.4 [72.1-89.8] 79.7 [69.9-88.6]
65 - 80 68.8 [58.4-78.8] 67.4 [58.6-76.1]

> 80 53.3 [44.1-64.0] 51.7 [39.9-61.8]

Abbreviations: eGFR: estimated glomerular filtration rate, according to the  
CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation.

Values are presented as median [interquartile range]
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CKD
Among the NICOLA participants, 13% of men (n = 194) and 10% of women (n = 
159) had CKD, defined as eGFREPI < 60 mL/min/1.73m2, according to the KDIGO 
guidelines (35).

CKD Stage 
The KDIGO guidelines establish the classification for the staging of CKD according 
to the eGFREPI (35). The distribution of the NICOLA participants according to their 
CKD stage are presented in Table 7.3.

Table 7.3: Stages of Chronic Kidney Disease (CKD) in the NICOLA participants 

Stage Definition Males Females Total

n (%) n (%) n (%)

G1 eGFR ≥ 90 mL/min/1.73m2 517 (35.3) 450 (27.8) 967 (31.4)
G2 90 > eGFR ≥ 60 mL/min/1.73m2 753 (51.4) 1007 (62.3) 1760 (57.1)
G3a 60 > eGFR ≥ 45 mL/min/1.73m2 142 (9.7) 116 (7.2) 258 (8.4)
G3b 40 > eGFR ≥ 30 mL/min/1.73m2 42 (2.9) 36 (2.2) 78 (2.5)
G4 30 > eGFR ≥ 15 mL/min/1.73m2 8 (0.5) 6 (0.4) 14 (0.5)
G5 eGFR < 15 mL/min/1.73m2 2 (0.1) 1 (0.1) 3 (0.1)

Abbreviations: eGFR: estimated glomerular filtration rate, according to the CKD-EPI 
(Chronic Kidney Disease Epidemiology Collaboration) equation; n: number.

Values presented are unweighted.

ESRD
Only two men (n = 2; 0.1%) and one woman (n = 1; 0.1%) from the NICOLA cohort 
had ESRD according to the KDIGO definition (eGFREPI < 15 mL/min/1.73m2) (35).



Chapter 7

124

References
1. 	 GBD 2017 Causes of Death Collaborators G 2017 C of D. Global, regional, and 

national age-sex-specific mortality for 282 causes of death in 195 countries and 
territories, 1980-2017: a systematic analysis for the Global Burden of Disease 
Study 2017. Lancet 2018;392:1736–88. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/30496103

2. 	 GBD 2017 Disease and Injury Incidence and Prevalence Collaborators G 2017 
D and II and P. Global, regional, and national incidence, prevalence, and years 
lived with disability for 354 diseases and injuries for 195 countries and territories, 
1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. 
Lancet 2018 ;392:1789–858. Available from:http://www.ncbi.nlm.nih.gov/
pubmed/30496104

3. 	 Wilkins E, L. W, Wickramasinghe K, P B. European Cardiovascular Disease 
Statistics 2017 edition [Internet]. European Heart Network. 2017. Available from: 
www.ehnheart.org

4. 	 Lakatta EG, Levy D. Arterial and Cardiac Aging: Major Shareholders in 
Cardiovascular Disease Enterprises. Circulation. 2003;107(1):139–46. 

5. 	 O’Donnell CJ, Elosua R. Cardiovascular risk factors. Insights from Framingham 
Heart Study]. Rev Esp Cardiol. 2008;61(3):299–310. 

6. 	 Castelli WP. Epidemiology of coronary heart disease: The Framingham study. Am 
J Med. 1984;76(2):4–12. 

7. 	 Miller M, Stone NJ, Ballantyne C, Bittner V, Criqui MH, Ginsberg HN, et al. 
Triglycerides and Cardiovascular Disease. Circulation. 2011;123(20):2292–333. 

8. 	 Di Angelantonio E, Sarwar N, Perry P, Kaptoge S, Ray KK, Thompson A, 
et al. Major lipids, apolipoproteins, and risk of vascular disease. JAMA 
2009;302(18):1993–2000. 

9. 	 Von Zychlinski A, Williams M, McCormick S, Kleffmann T. Absolute quantification 
of apolipoproteins and associated proteins on human plasma lipoproteins. J 
Proteomics. 2014;106:181–90. 

10. 	Kosmas CE, Silverio D, Tsomidou C, Salcedo MD, Montan PD, Guzman E. The 
Impact of Insulin Resistance and Chronic Kidney Disease on Inflammation 
and Cardiovascular Disease. Clin Med Insights Endocrinol Diabetes. 
2018;11:1179551418792257.

 11. 	Christodoulidis G, Vittorio TJ, Fudim M, Lerakis S, Kosmas CE. Inflammation in 
coronary artery disease. Cardiol Rev. 2014;22(6):279–88. 

12. 	Verma S, Buchanan MR, Anderson TJ. Endothelial function testing as a biomarker 
of vascular disease. Circulation. 2003;108(17):2054–9. 



Objective Measures of Health and Wellbeing in Older Adults in N. Ireland (NICOLA Wave 1)

125

13. 	Cegla J, Neely RDG, France M, Ferns G, Byrne CD, Halcox J, et al. HEART 
UK consensus statement on Lipoprotein(a): A call to action. Atherosclerosis. 
2019;291:62–70. 

14. 	Holick MF. Vitamin D: A D-Lightful health perspective. Nutr Rev 2008;66:S182-
94. 

15. 	Ford L, Graham V, Wall A, Berg J. Vitamin D concentrations in an UK inner-city 
multicultural outpatient population. Ann Clin Biochem 2006;43(Pt 6):468–73. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/17132277

16. 	Hyppönen E, Power C. Hypovitaminosis D in British adults at age 45 y: 
nationwide cohort study of dietary and lifestyle predictors. Am J Clin Nutr. 
2007;85(3):860–8.

17. 	 Pearce SHS, Cheetham TD. Diagnosis and management of vitamin D deficiency. 
BMJ 2010;340:142–7. 

18. 	Rheumatoid arthritis in adults: management NICE guideline [Internet]. 2018 
[cited 2020 Jun 4]. Available from: www.nice.org.uk/guidance/ng100

19. 	Berglin E, Johansson T, Sundin U, Jidell E, Wadell G, Hallmans G, et al. 
Radiological outcome in rheumatoid arthritis is predicted by presence of 
antibodies against cyclic citrullinated peptide before and at disease onset, and by 
IgA-RF at disease onset. Ann Rheum Dis. 2006;65(4):453–8. 

20. 	 Humphreys JH, van Nies JAB, Chipping J, Marshall T, Mil HHMH, Symmons 
DPM, et al. Rheumatoid factor and anti-citrullinated protein antibody positivity, 
but not level, are associated with increased mortality in patients with rheumatoid 
arthritis: Results from two large independent cohorts. Arthritis Res Ther. 
2014;16(1):1–8. 

21. 	Lingampalli N, Sokolove J, Lahey LJ, Edison JD, Gilliland WR, Holers VM, et al. 
Combination of anti-citrullinated protein antibodies and rheumatoid factor is 
associated with increased systemic inflammatory mediators and more rapid 
progression from preclinical to clinical rheumatoid arthritis. Clin Immunol. 
2018;195:119–26. 

22. 	De Rycke L, Peene I, Hoffman IEA, Kruithof E, Union A, Meheus L, et al. 
Rheumatoid factor and anticitrullinated protein antibodies in rheumatoid 
arthritis: Diagnosis value, associations with radiological progression rate, and 
extra-articular manifestations. Ann Rheum Dis. 2004;63(12):1587–93. 

23. 	Berk P, Korenblat K. Approach to the Patient with Jaundice or Abnormal Liver 
Tests. In: Goldman’s Cecil Medicine: Twenty Fourth Edition. Vol 1. Elsevier Inc.; 
2011 p. 956–66. Available from: https://linkinghub.elsevier.com/retrieve/pii/
B9781437716047001494



Chapter 7

126

24. 	Goldman L, Schafer AI. Goldman’s Cecil Medicine: Twenty Fourth Edition. Vols. 
1–2, Elsevier Inc.; 2012. 1–2569 p. 

25. 	Kahn SM, Hryb DJ, Nakhla AM, Romas NA, Rosner W. Sex hormone-binding 
globulin is synthesized in target cells. J Endocrinol. 2002;175(1):113–20. 

26. 	Deswal R, Yadav A, Dang AS. Sex hormone binding globulin - an important 
biomarker for predicting PCOS risk: A systematic review and meta-analysis. Syst 
Biol Reprod Med 2018;64(1):12–24. Available from: https://www.tandfonline.
com/doi/full/10.1080/19396368.2017.1410591

27. 	Goldštajn MŠ, Toljan K, Grgić F, Jurković I, Baldani DP. Sex Hormone Binding 
Globulin (SHBG) as a Marker of Clinical Disorders. Coll Antropol 2016;40:211–8. 

28. 	Trabert B, Brinton LA, Anderson GL, Pfeiffer RM, Falk RT, Strickler HD, et 
al. Circulating Estrogens and Postmenopausal Ovarian Cancer Risk in the 
Women’s Health Initiative Observational Study. Cancer Epidemiol Biomarkers 
Prev 2016;25(4):648–56. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/26908437

29. 	Cavlan D, Bharwani N, Grossman A. Androgen- and estrogen-secreting adrenal 
cancers. Semin Oncol. 2010;37(6):638–48. 

30. Jeon S-Y, Hwang K-A, Choi K-C. Effect of steroid hormones, estrogen 
and progesterone, on epithelial mesenchymal transition in ovarian cancer 
development. J Steroid Biochem Mol Biol 2016;158:1–8. Available from: https://
linkinghub.elsevier.com/retrieve/pii/S0960076016300188

31. 	MC B. Hormonal Factors in Carcinogenesis of the Prostate and Testis in Humans 
and in Animal Models. Prog Clin Biol Res. 1996;394. 

32. 	Bruck K, Stel VS, Gambaro G, Hallan S, Volzke H, Arnlov J, et al. CKD 
Prevalence Varies across the European General Population. J Am Soc Nephrol. 
2016;27(7):2135–47. 

33. 	Levey AS, Atkins R, Coresh J, Cohen EP, Collins AJ, Eckardt K-U, et al. Chronic 
kidney disease as a global public health problem: Approaches and initiatives – a 
position statement from Kidney Disease Improving Global Outcomes. Kidney 
Int. 2007;72(3):247–59. Available from: http://www.sciencedirect.com/science/
article/pii/S0085253815526495?via%3Dihub

34. 	 Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M, et 
al. Forecasting life expectancy, years of life lost, and all-cause and cause-specific 
mortality for 250 causes of death: reference and alternative scenarios for 2016-
40 for 195 countries and territories. Lancet 2018;392(10159):2052–90. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/30340847

35. 	The Kidney Disease Outcomes Quality Initiative (KDOQI). KDIGO 2012 Clinical 
Practice Guideline for the Evaluation and Management of Chronic Kidney 



Objective Measures of Health and Wellbeing in Older Adults in N. Ireland (NICOLA Wave 1)

127

Disease. Off J Int Soc Nephrol 2013;3(1). Available from: http://www.kidney-
international.org

36. 	Levin A, Stevens PE. Summary of KDIGO 2012 CKD Guideline: behind 
the scenes, need for guidance, and a framework for moving forward. 
Kidney Int 2014;85(1):49–61. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/24284513

37. 	Gentile G, Remuzzi G. Novel Biomarkers for Renal Diseases? None for the 
Moment (but One). J Biomol Screen 2016;21(7):655–70. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/26950928

38. 	Kestenbaum B, Sampson JN, Rudser KD, Patterson DJ, Seliger SL, Young B, et 
al. Serum phosphate levels and mortality risk among people with chronic kidney 
disease. J Am Soc Nephrol. 2005;16(2):520–8. 

39. 	Nakanishi T, Nanami M, Kuragano T. The pathogenesis of CKD complications; 
Attack of dysregulated iron and phosphate metabolism. Free Radical Biology and 
Medicine. Elsevier Inc.; 2020. 

40.	Plantinga LC, Fink NE, Melamed ML, Briggs WA, Powe NR, Jaar BG. Serum 
phosphate levels and risk of infection in incident dialysis patients. Clin J Am Soc 
Nephrol. 2008;3(5):1398–406. 

41. 	Wen CP, David Cheng T-Y, Chan HT, Tsai MK, Chung W-SI, Tsai SP, et al. Is high 
serum uric acid a risk marker or a target for treatment? Examination of its 
independent effect in a large cohort with low cardiovascular risk. Am J Kidney Dis 
2010;56(2):273–88. 

42. 	 Mok Y, Lee SJ, Kim MS, Cui W, Moon YM, Jee SH. Serum uric acid and 
chronic kidney disease: the Severance cohort study. Nephrol Dial Transplant 
2012;27(5):1831–5. 

43.	Iseki K, Ikemiya Y, Inoue T, Iseki C, Kinjo K, Takishita S. Significance of 
hyperuricemia as a risk factor for developing ESRD in a screened cohort. Am J 
Kidney Dis 2004;44(4):642–50. 

44. Bellomo G, Venanzi S, Verdura C, Saronio P, Esposito A, Timio M. Association of 
uric acid with change in kidney function in healthy normotensive individuals. Am J 
Kidney Dis 2010;56(2):264–72. 

45.	Walayat S, Martin D, Patel J, Ahmed U, N. Asghar M, Pai AU, et al. Role of 
albumin in cirrhosis: from a hospitalist’s perspective. J Community Hosp Intern 
Med Perspect. 2017;7(1):8–14. 

46.	Kwo PY, Cohen SM, Lim JK. ACG Clinical Guideline: Evaluation of Abnormal Liver 
Chemistries. Vol. 112, Am J Gastroenterology. Nature Publishing Group; 2017. p. 
18–35. 

47. 	Bosma PJ. Inherited disorders of bilirubin metabolism. J Hepatol 2003;38:107–17. 


