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Abstract 

 

Migrant South Asian populations in Europe, North America the Westernised 

countries have a greater cardiovascular disease (CVD) risk than their respective 

indigenous populations.  Both overall and premature CVD morbidity and 

mortality is significantly higher in migrant South Asians than in white populations 

in the UK and globally. Despite this, the role of ultrasound as a screening tool for 

CVD risk assessment in South Asians has not been studied extensively. Data also 

suggest that increased susceptibility to the adverse effects of insulin resistance 

and type 2 diabetes mellitus (T2DM) may contribute to the increased CVD risk.  

 

South Asians  living in the United Kingdom also have a 3-5 fold increased 

prevalence of T2DM, developing the disease around a decade earlier and at a 

lower body mass index (BMI) compared to white Europeans.  Furthermore, non-

diabetic South Asians have higher fasting glycaemia and are more insulin 

resistant than Europeans. Liver fat is also associated with insulin resistance and 

T2DM risk and is considered to play a causal role in diabetes. Limited data 

suggest that South Asians have higher liver fat content than age- and BMI-

matched Europeans, but it is not currently clear whether this contributes to the 

observed ethnic difference in insulin resistance. 

 

The first aim was to determine the extent to which increased insulin resistance 

and fasting glycaemia in South Asian, compared to white European men, living in 

the UK, was due to lower cardiorespiratory fitness (maximal oxygen uptake 

[VO2max]) and physical activity. The second aim was to determine whether South 

Asians have increased liver fat compared to Europeans and the extent to which 

any such differences can explain the increased insulin resistance observed 

between these groups. The final aim was to determine whether South Asians had 

a difference in carotid intima-media thickness (cIMT) or carotid plaque presence 

compared to Europeans; and if so, whether any measured risk factors (if any) 

could account for any such observed differences in cIMT and/or carotid plaque 

disease. 

 

100 SA and 100 age and BMI-matched European men without diagnosed diabetes, 

aged 40-70 years, had fasting blood taken for glucose concentration, insulin, plus 
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other risk factors, and underwent 2-dimensional carotid ultrasound for 

measurement of intima-media thickness and carotid plaque analysis, assessment 

of physical activity (using accelerometry), VO2max, body size and composition, 

and demographic and other lifestyle factors. For addressing the first aim of this 

thesis, 13 South Asian and 1 European man had HbA1c levels >6.5% indicating 

potential undiagnosed diabetes and were excluded from the analyses relating.  

Linear regression models were used to determine the extent to which body size 

and composition, fitness and physical activity variables explained differences in 

insulin resistance (assessed by Homeostasis Assessment Model of Insulin 

Resistance, HOMAIR) and fasting glucose between SA and Europeans. For the 

second aim, 28 South Asian and 24 European participants were chosen at random 

(but matched for age) within 4 months of their original main study visit to 

undergo magnetic resonance spectroscopy for quantification of liver fat. 

 

HOMAIR and fasting glucose were 67% (p<0.001) and 3% (p<0.018) higher, 

respectively, in South Asians than Europeans.  Lower VO2max, lower physical 

activity and greater total adiposity in SA individually explained 68% (95% 

confidence interval [CI], 45-91%), 29% (95% CI, 11-46%) and 52% (95% CI, 30-80%), 

respectively, and together explained 83% (95% CI, 50-119%) (all p<0.001), of the 

ethnic difference in HOMAIR. Lower VO2max and greater total adiposity 

respectively explained 61% (95% CI, 9-111%) and 39% (95% CI; 9-76%) (combined 

effect 63% (95% CI 8-115%); all p<0.05)) of the ethnic difference in fasting 

glucose.  Unadjusted mean liver fat content did not differ significantly between 

South Asians compared to Europeans (5.28 (standard deviation [SD], 2.11)% vs 

5.41 (SD,2.35)%, p=0.913), but following adjustment for alcohol consumption 

was significantly lower in South Asians than Europeans (5.30 (SD, 2.10)% vs 9.03 

(SD, 2.22)% p=0.017).  Adjustment for alcohol-adjusted liver fat did not 

attenuate the difference in HOMAIR between ethnic groups. There were no 

significant differences in unadjusted or age-adjusted in mean cIMT between 

South Asians and Europeans.  There was an increased odds ratio for the presence 

of plaque disease in South Asians compared to Europeans, however this was not 

significant (OR 1.57, 95% CI 0.89-2.77, p=0.13). 

 

Lower cardiorespiratory fitness is a key factor associated with the excess insulin 

resistance and fasting glycaemia in middle-aged South Asian compared to 
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European men living in the UK.  Also, whilst clear associations between liver fat 

and insulin resistance were observed in South Asians and Europeans, these 

results challenge the notion that excess liver fat per se explains the greater 

insulin resistance observed in South Asians. Finally, cIMT is similar between 

South Asian and European men and there is also currently no clear evidence for 

more carotid plaques in South Asian compared to European men living in the UK. 

This important negative finding highlights the need for further studies on carotid 

plaque or research in alternative screening methods for CVD which are more 

sensitive in identifying subclinical CVD. 
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Chapter 1 

Introduction and Literature Review 

 

1.1 Cardiometabolic disease and associated risk factors 

 

Cardiovascular disease (CVD) due to coronary heart disease (CHD) and 

cerebrovascular disease, accounted for nearly 180,000 of the 561,666 deaths in 

the UK in 2010, making it the second highest cause of death behind cancer (1) 

and is the leading cause of death in western Europe and North America. Whilst 

age-standardised deaths from CVD are falling, absolute deaths due to CVD have 

risen between 1990 and 2010 – in 2010 CVD accounted for 25 % of global deaths, 

having accounted for 20% in 1990 (2). Further, recent large scale longitudinal 

data (>800,000 people) largely from Europe and North America examining the 

association of diabetes mellitus (DM) with CVD mortality showed that after 

adjustment for age, sex, smoking status, and body mass index (BMI), the hazard 

ratio (HR) among persons with DM as compared with persons without DM was 

2.32 (95% confidence interval [CI], 2.11-2.56) for death from CVD (3). Further, 

middle-aged adults with DM but without known vascular disease died about 6 

years younger than people without DM - around 58% of this survival difference at 

50 years of age can be attributed to excess vascular deaths (3). 

 

Following the very first publication from the Framingham Study over 60 years 

ago (4), prevention of CVD (primary or secondary) has focused on the 

management of established modifiable risk factors. These traditional or 

established risk factors include  blood cholesterol, tobacco smoking, 

hypertension, diabetes mellitus (DM) and more recently, reduced physical 

activity (5).  Interest has grown in additional ‘novel’ risk factors, such as insulin 

resistance and cardiorespiratory fitness (6). It is also well recognised that the 

risk of morbidity and mortality from CVD is influenced by ethnicity.   

 

 

1.2 South Asians and risk of cardiometabolic disease 

 

People of South Asian origin (people from India, Pakistan, Bangladesh and Sri 

Lanka) were one of the first ethnic groups recognised to have increased CHD 
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risk.  One of the first studies published on CHD and South Asians (using autopsy 

data), showed that migrant Asian Indian males in Singapore had seven times the 

CHD prevalence of Chinese men (7).  Subsequently, this increased risk has been 

confirmed by a number of reports indicating that migrant South Asian 

populations in the UK and North America and elsewhere in the world have a 

greater CHD risk than their respective indigenous populations (8).  The global 

INTERHEART study, found that myocardial infarction (MI) occurred on average 10 

years earlier in South Asians than in white populations based on case-control 

data from 52 countries (9). Furthermore, the age-standardised CHD mortality in 

South Asians living in the UK has been around 50% higher than the indigenous 

white population (10). More recently the age-standardised mortality of migrant 

South Asians in the UK shows persistence of increased mortality from ischaemic 

heart disease (IHD), with Indian men having a standardised mortality ratio (SMR) 

increased by 31%, Pakistani men by 62% and Bangladeshi men by 75% (Table 1.1) 

(11). Similarly, the same study showed that deaths from cerebrovascular disease 

remain in excess for migrant South Asian men.  Also, CHD mortality in young 

migrant South Asian men and women (aged <40) is over double that of Europeans 

(12;13).  

 

 

Table 1.1 Deaths from IHD in the UK for men 2001-2003.  

 

Country Number of IHD 

Deaths 

SMR (95% CI) 

England and Wales 149,950 96   (96-97) 

Scotland 3813 104 (100-107) 

India 2528 131 (126-137) 

Pakistan 1044 162 (152-172) 

Bangladesh 409 175 (158-193) 

 

 

The increased CHD burden in the migrant South Asian population is not entirely 

explained by traditional CVD risk factors, such as cholesterol, blood pressure 

and smoking (14-17). The largest dataset comparing the traditional risk factors 
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in South Asian compared to European men comes from the 2004 heath survey for 

England (18). Data from the survey confirmed that with the exception of the 

increased prevalence of DM and increased prevalence of smoking (Bangladeshi 

men only), there were little differences in traditional risk factors between South 

Asians and the general population (Table 1.2). A systematic review comparing 

blood pressure between South Asians, even indicated that blood pressure levels 

may be lower in Pakistanis and Bangladeshis compared to Europeans living in the 

UK (19).  

 

 

Table 1.2 Differences in CVD risk factors between South Asian men and the 

general population living in the UK. (Health Survey for England 2004 (18)) 

 

 Indians Pakistanis Bangladeshis General 

Population 

Current smoking (%) 20 29 40 24 

Cholesterol 5.3 5.3 5.3 5.5 

Systolic blood 

Pressure (mmHg) 127 124 121 130 

Diabetes (%) * 9.8 17.9 19.0 3.8 

 

* Self-reported history 

 

The data in Table 1.2 show similar total cholesterol values in South Asian and 

European men, with similar data reported the Southall study in 1991 and in 

more recently in patients with diabetes living in Scotland (20). Although LDL 

levels are similar, it has been found that South Asians have smaller and more 

dense LDL cholesterol particles, which are considered to be more atherogenic 

(21;22). Further, HDL cholesterol, which is known to be predictive against CVD 

(23) was lower in the South Asian group in the Southall study. Further, HDL 

cholesterol may be less protective in South Asian, as particle size (which is 

positively associated with reduced CVD) is previously been found to be smaller in 

South Asians (22). 
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The Southall study was the first large cross-sectional study to compare measured 

metabolic data from Indian and Pakistani subjects with that from age and BMI-

matched European subjects (24).  This showed that migrant South Asians have a 

higher prevalence of DM (19% versus 4%), and this figure is similar for South 

Asians living in the USA (Figure 1.1) (24;25). More recent data from Scotland 

showed that the prevalence of DM in South Asians has little changed, with the 

prevalence remaining 3-4 times higher compared to Europeans (20). In terms of 

undiagnosed type 2 diabetes mellitus (T2DM) in South Asians in the UK, data 

suggest that this might be as high as 20% in adults aged 20-75, with a further 

28% having impaired glucose tolerance (26). This figure for hidden T2DM is 14 

times higher than the suggested 1 in 70 prevalence for the general UK 

population (27). Additionally, South Asians living in Scotland are diagnosed with 

diabetes more than a decade earlier compared to Europeans (45.9 years v 57.3 

years) (28). Similar findings have been demonstrated in the 20-year follow-up 

data from the Southall cohort (as well as subjects in the Brent study) (29). The 

follow-up data (collected until 2011) showed that incident T2DM in South Asians 

was 33% - nearly 2.5 times higher that of Europeans (14%) over the 20 years. 

Further, the average age of diagnosis was 66-67 years of age in Europeans, but 5 

years earlier in South Asians.  
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Figure 1.1 Prevalence of DM in South Asians 

Reproduced from (25) with permission of Future Medicine Ltd 
 

 

Previous prospective (~16yr) UK follow-up data from Southall & Brent studies 

also suggest that South Asians are more sensitive to the adverse CVD 

complications from T2DM (14). The data described an age-adjusted HR for male 

CHD mortality for South Asians of 1.64 (95% CI 1.24-2.16), compared to 

Europeans, increasing to 2.14 (95% CI, 1.56–2.94) after adjustment for smoking 

and cholesterol. Further analysis using multivariable models that adjusted for 

conventional risk factors and diabetes and/or impaired glucose regulation, 

features of insulin resistance, or the metabolic syndrome showed that CHD 

mortality remained significantly higher in South Asian men (HR 1.6–1.9).The 

South Asian diabetic subgroup suffered nearly half of all the South Asian CHD 

deaths, but only 13% of European CHD deaths occurred in the European 

diabetics. Further, in the South Asian group, diabetes was associated with nearly 

threefold higher mortality risk compared with South Asians without diabetes at 

baseline, yet in Europeans, the excess mortality associated with diabetes was 

only 1.5-fold. 
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To summarise, whilst South Asians have more atherogenic lipid profiles and a 

higher prevalence of diabetes associated with poorer glycaemic control, 

differences in traditional cardiovascular risk factors still fail to fully explain the 

increased CVD risk in South Asians. There has been suggestion that quantifying 

the increased risk can be achieved by adding 10 years to the age of the person 

when using the Framingham Risk Score (FRS) (30), whilst newer UK-based risk 

factor scoring engines now factor in ethnicity when predicting future CHD risk 

(31). Regardless of what method is used for scoring CHD or CVD risk, it is clear 

the reasons for ethnic disparities remain unanswered, and the traditional 

cardiovascular risk factors of blood pressure, smoking, blood cholesterol and DM 

fall short in fully accounting for this increased CVD risk. Thus pre-clinical disease 

states such as insulin resistance and the role of novel cardiometabolic risk 

factors including cardiorespiratory fitness, physical activity and liver fat as 

potentially mediating as well as independent factors deserve exploration in 

South Asians given the size of this high-risk ethnic group locally and worldwide. 

Further, in parallel to this exploration, the role and evaluation of various pre-

existing ultrasound-based screening methods for subclinical CVD is of merit if 

one is to maximise screening potential in South Asians who experience 

premature cardiometabolic disease. 

 

Sections 1.4 to 1.8 will discuss some of these potentially relevant and more 

novel risk factors particularly those which have little or no published data on 

South Asians, including cardiorespiratory fitness, objectively-measured physical 

activity and liver fat measurement. Finally section 1.9 will discuss the role of 

ultrasound-based carotid plaque scoring as a potentially more sensitive 

screening tool for CVD in South Asians. 

 

 

1.3 Insulin resistance  

 

1.3.1 Insulin resistance and cardiometabolic risk 

 

Insulin resistance can be defined as ‘the inability of a known quantity of 

exogenous or endogenous insulin to increase glucose uptake and utilization in an 

individual as much as it does in a normal population’ (32). In other words an 
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individual with insulin resistance requires more insulin to have the same effect 

on controlling blood glucose, or the body cannot produce enough insulin to 

control blood sugar, leading to impaired glucose regulation and ultimately T2DM 

(33). 

 

Briefly, insulin resistance is strongly associated with an increased adiposity state 

such as obesity. The connection between obesity and increased levels of 

circulating insulin was first described in the 1960s (34) with the research 

showing that, in systemic insulin resistance, there was compensatory activity by 

insulin-secreting beta cells. It is also recognised that obese individuals have 

increased circulating levels of free fatty acids and this is associated with insulin 

resistance and dysglycaemia. Finally it is known that obese normoglycaemic 

individuals have increased beta-cell function (34;35). Thus obesity-induced 

glucose intolerance appears to reflect failure of beta cell activity (36). 

 

Several mechanisms have been suggested to explain why obesity causes insulin 

resistance and subsequently T2DM. These include increased production of 

adipokines/cytokines which contribute to insulin resistance (37); ectopic fat 

deposition (mainly in the liver but also in skeletal muscle), and the resulting 

effect on glucose/insulin homeostasis (described in more detail in section 1.7.1) 

(38); and impaired mitochondrial activity (39). Impaired mitochondrial activity 

(reflected by reduced mitochondrial mass and/or function) could be one of many 

important pathologies connecting obesity to diabetes, both by decreasing insulin 

sensitivity and by compromising beta-cell function. Though it is recognised that 

impaired mitochondrial activity is not a consistent finding as demonstrated in a 

small cohort of Indian men with diabetes compared to Indian men without 

diabetes (13 in each group) (40) 

 

Insulin resistance is adversely associated with a number of traditional CVD risk 

factors (41).  Longitudinal data also supports the role of the severity of insulin 

resistance with CVD risk in subjects with pre-existing T2DM (42). Longitudinal 

data directly linking Insulin resistance to incident CVD has been demonstrated in 

Italians from the Bruneck study, which followed up 839 subjects without CVD at 

baseline for 15 years (43). Results showed a significant association between 

increased insulin resistance at baseline and incident CVD even in subjects 
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without diabetes after adjustment for traditional as well as several novel 

cardiovascular risk factors (HR 2.2, 95% CI, 1.3 –3.7, p<0.05). 

 

 

1.3.2 Insulin resistance in South Asians 

 

Several studies in addition to the Southall study (which demonstrated increased 

fasting and 2-hour post 75g glucose load insulin levels in South Asians) have 

confirmed that South Asians are more insulin resistant (determined by HOMA-I; 

hyperinsulinaemic euglycaemic clamp; insulin sensitivity index; and fasting and 

2-hour post 75g glucose load insulin levels respectively) than their European 

counterparts (14;44-46). Further, studies have shown that even after adjustment 

for BMI, waist-hip ratio (WHR), and skin fold thickness, insulin levels (both 

fasting and post glucose-load) remain significantly higher in South Asians (45-47), 

thus greater insulin resistance is not fully explained by excess adiposity. Despite 

the increased prevalence of insulin resistance in South Asians, follow-up data 

from the Southall and Brent Studies, showed that the increased CVD mortality 

observed in the South Asians was little influenced after adjustment for insulin 

resistance (as determined by HOMA-IR) (14). 

 

 

1.4 Adiposity 

 

1.4.1 Adiposity and cardiometabolic risk 

  

Worldwide the prevalence of DM in 2010 was estimated at 285 million people 

(48). In 2012, the UK prevalence of DM was estimated to be 4.6% - giving three 

million people a diagnosis of diabetes in the UK (49). Around 90% of adults with 

DM have T2DM (49). Both the prevalence and incidence of T2DM have been 

increasing the UK. The prevalence has increased from 2.8% in 1996 to 4.5% in 

2011 (49;50). The growing incidence of DM is nearly all T2DM in aetiology - the 

incidence of T2DM increased from 2.60/1000 person-years in 1996 to 4.31/1000 

person-years in 2005, whilst the incidence of type 1 diabetes remained relatively 

constant (50). This growing incidence and prevalence of T2DM being linked to 

the increasing prevalence of obesity - the proportion of individuals newly 
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diagnosed with T2DM who were obese increased from 46% to 56% over the 10-

year period.  

 

This adverse metabolic effect of obesity is expected, as it is recognised that 

weight gain is an important proven risk factor in developing T2DM (51-54).  For 

example, a 5-year follow-up of over 50,000 healthy men aged 40–75 years, found 

that men with a BMI >35 were at 42-fold higher risk of developing T2DM than 

men with a BMI <23 (52). Moreover, the landmark data from Hillier and 

colleagues illustrated how severity of obesity lowered the age of onset of T2DM. 

Defining early onset of T2DM as a diagnosis before the age of 45, they calculated 

the mean BMI in this group to be 39, however the usual group (age >45), had a 

mean BMI of 33 (55). There was also a significant (p<0.0001) inverse linear 

relationship between BMI and age at diagnosis of T2DM (Table 1.3). Research is 

also confirming the belief that with growing numbers of younger people 

becoming obese, the number of younger adults being diagnosed with T2DM is 

also on the rise (56).  Thus obesity is a key, if not the main driver for the 

growing (and premature) prevalence of T2DM.  

 

 

Table 1.3 Relationship between age of diagnosis of T2DM and BMI. 

 

Age at Diagnosis T2DM BMI 

<30 38.3 

31-35 37.1 

36-40 38.3 

41-45 36.3 

46-50 35.9 

51-55 35 

56-60 33.9 

61-65 31.7 

66-70 31.1 

>70 28.8 
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The relationship between obesity or increased BMI and CVD/CHD is not as clear 

as the relationship obesity has with T2DM. It is well-known that an obese state is 

associated with higher blood pressure, higher non-HDL cholesterol, lower HDL 

cholesterol and a higher prevalence of diabetes (57). However studies have 

argued that these are the mediators by which BMI is thought to affect 

cardiovascular mortality (58;59). Nonetheless,  equally contemporary 

prospective data including a meta-analysis showed a 40% increase in CHD 

mortality for every 5Kg/m2 increase in BMI above 25Kg/m2, confounding factors 

such as traditional risk CVD risk factors, medication and intentional weight loss 

due to disease were not adjusted for (57;60). One recent prospective study 

assessed the independent association of obesity separately for fatal or nonfatal 

CHD over a 15-year period by accounting for traditional risk factors and 

deprivation in a cohort of over 6,000 previously healthy middle-aged men living 

in the west of Scotland (West of Scotland Coronary Prevention Study, WOSCOPS) 

(61). A minimally adjusted model (age, sex, treatment with statins) and a 

maximally adjusted model (including known CVD risk factors and deprivation) 

were generated, using BMI 25–27.4 kg/m2 as the reference BMI. The risk of fatal 

CHD events was increased in obese men (BMI 30.0–39.9 kg/m2) in both the 

minimally adjusted model (HR=1.75, 95% CI, 1.12, 2.74) and the maximally 

adjusted model (HR=1.60, 95% CI, 1.02, 2.53).  

 

A possible additional pathological effect of obesity, beyond its association with 

traditional factors, is that of inflammation. Adipose tissue is considered an 

endocrine organ that releases proinflammatory cytokines (62), rendering obesity 

a low-grade inflammatory state (63;64). Recent data have suggested that in 

established CVD, markers of inflammation—namely C-reactive protein (CRP) and 

interleukin 6 (IL-6) - are more strongly associated with fatal than non-fatal 

events (65). Therefore if inflammation increases the risk of CHD mortality, the 

same might be hypothesised about the role of adiposity – a source of circulating 

inflammatory markers.  
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1.4.2 Adiposity in South Asians  

 

Much of the aforementioned data in relation to obesity and risk of T2DM comes 

from populations predominantly of European extraction. Yet much of the 

projected increased global prevalence of T2DM is attributable to Asia, namely 

the Indian subcontinent, China and the Middle East (48). The prevalence of 

diabetes is expected to rise 54% between 2010 and 2030, however the 

prevalence is expected to rise by 72% in South Asian countries. Conversely, the 

prevalence in Europe is only expected to rise by 20%. India, China and Pakistan 

will provide 63 million of the 145 million extra people who will have diabetes by 

2030, with India alone contributing 37 million people. 

 

In light of these epidemiological data, is it possible that obesity, or indeed 

weight gain in general has a stronger association with onset of T2DM in such high 

risk populations? As described earlier adiposity does not fully explain the 

increased insulin resistance seen in South Asians. A recent review plotted the 

relative risk of T2DM against BMI for people of South Asians and European origin 

(Figure 1.2) (25). The graph illustrates clearly that the BMI threshold associated 

with the exponential increase in diabetes risk occurs at markedly lower BMI 

range (18.5-25 at 22-23 for South Asians), whereas the increase in Europeans 

occurs at a BMI in excess of 30.  

 

Similarly, a landmark study from Canada looking at a multiethnic population 

(South Asian, Chinese, Aboriginal and Europeans) calculated ethnic-specific BMIs 

for an equivalent risk of impaired glucose control akin to risk of diabetes (66). 

They calculated the risk for a European with a BMI of 30, and subsequently 

calculated the equivalent BMI that would give the same risk in the other ethnic 

groups. The equivalent BMIs in the South Asian, Chinese and Aboriginal 

populations were 21.0, 20.6 and 21.8 respectively. More recently a similar larger 

study performed in the UK comparing migrant South Asians with the indigenous 

white European population (ADDITION-Leicester cohort), calculated risk 

equivalent BMIs for T2DM of 22.6 for men and 21.5 for women (67). 
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Figure 1.2 Association of BMI with risk of T2DM in South Asians and 

Europeans 

Reproduced from (25) with permission of Future Medicine Ltd 

 

 

One possible explanation is that the current BMI categories for weight are not as 

useful or sensitive in other ethnicity groups in relation to metabolic risk. For 

example, though South Asians have similar absolute waist circumferences 

compared to BMI-matched Europeans (68;69), South Asians have an increased 

WHR (24), thus indicating that South Asians have more adiposity concentrated 

centrally. Increased WHR is recognised as a stronger predictor of risk of T2DM 

compared to BMI in Asians (70). Similarly, BMI-matched South Asians have more 

body fat compared to Europeans (44;47;71). Also, for a given BMI, South Asians 

have significantly lower muscle mass (44;47), with increased abdominal adiposity 

(44), larger adipocyte size (44;68) and greater amounts of adipose tissue in the 

deep subcutaneous compartment than Europeans (72), although interestingly 

increased visceral fat is not a consistent finding (44;46).  Thus relative adiposity 

as opposed to BMI appears more influential for T2DM risk in South Asians 

compared to Europeans. 

 

The greater adverse effects of adiposity observed in South Asians have led to 

recent consensus statements, including the recommendation that the threshold 
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for obesity should be lowered to BMI 25 kg.m-2 (normal 18–22.9 kg.m-2, 

overweight 23–24.9 kg.m-2) in South Asian populations (73-75) .  Similarly,  

findings from the ADDITION cohort from Leicester UK, suggested South Asian-

specific waist circumferences (a surrogate for WHR) for equivalent glycaemic 

and lipid factors compared  to Europeans for the central obesity cut off points - 

South Asian women and men required waist circumferences of 69 and 84 cm 

respectively for the glycaemic factor, and 74 and 91 cm respectively for the lipid 

factor. This in contrast is much lower than the all-encompassing 88/102 cm for 

European women/men. Further, prospective data from Mauritius and AusDiab 

surveys indicated that South Asian women and men required waist 

circumferences of 70/80 cm for diabetes equivalent risk to Europoid women and 

men with waist 88/102 cm (76). Accordingly, the waist circumference threshold 

criterion for diagnosis of the metabolic syndrome lower is South Asian (80/90 

cm) than in European (88/102 cm), women and men respectively (77). 

 

 

1.5 Cardiorespiratory fitness  

 

1.5.1 Cardiorespiratory fitness and cardiometabolic risk 

 

Exercise tests can provide a number of indices of in vivo skeletal muscle and 

whole body oxidative capacity.  It has been reported that maximal oxygen 

uptake, or VO2max (i.e. a measure of whole-body oxidative capacity, which 

correlates strongly with skeletal muscle oxidative enzyme activities in 

heterogeneous populations (78;79)) is a strong predictor of whole-body insulin 

sensitivity in Europeans independent of visceral adiposity in both higher-risk as 

well as normal subjects (79-82). Moreover epidemiological data report a 2.6-fold 

increased risk of incident T2DM, independent of BMI, in men with low compared 

to high cardiorespiratory fitness levels (83). 

 

Data from a large meta-analysis which aimed to define quantitative relationships 

between cardiorespiratory fitness and CHD events, CVD events, or all-cause 

mortality in healthy men and women showed that compared with participants 

with high cardiorespiratory fitness, those with low cardiorespiratory fitness had 

a relative risk (RR) for CHD/CVD events of 1.56 (95% CI, 1.39-1.75; p<0.001), 
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adjusting for heterogeneity of study design. Compared with participants with 

intermediate cardiorespiratory fitness, those with low cardiorespiratory fitness 

had a RR for CHD/CVD events of 1.47 (95% CI, 1.35-1.61; p<0.001), adjusting for 

heterogeneity of study design (84). Further a more recent study attempted to 

quantify the role of cardiorespiratory fitness in improving risk classification for 

CVD in previously healthy adults. Data from a study following up more than 

66,000 subjects for a median of 16 years showed that a single measurement of 

fitness significantly improves classification of both short-term (10-year) and 

long-term (25-year) risk for CVD mortality when added to traditional risk factors 

(85). 

 

 

1.5.2 Cardiorespiratory fitness in South Asians 

 

Limited data are available comparing cardiorespiratory fitness levels between 

men of South Asian and of European descent.  VO2max values in sedentary South 

Asians are typically around 10-15% lower than comparable sedentary European 

groups (45;86;87).  Interestingly, the relatives of patients withT2DM, who, like 

South Asians, have increased insulin resistance (88;89) and risk of T2DM (90;91), 

also have similarly lower values for VO2max (~10-15% lower) than age, BMI and 

body-fat matched controls (81;82).  However more recent data from a local 

study (n = 39, South Asians=20, Europeans =19) of young men indicated that the 

difference in VO2max values was far greater (in excess of 20%) between South 

Asians and White Europeans even after adjustment of fat mass (p<0.0005), (47). 

The study also showed that adjustment for VO2max attenuated the difference in 

insulin sensitivity between young South Asian and European men.  Thus it is 

important to determine if difference in cardiorespiratory fitness persists into 

later life when the risk of T2DM is greater and whether it is as influential in 

attenuating the unfavourable metabolic profile in South Asians. 
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1.6 Physical activity  

 

1.6.1 Definition and measurement of physical activity 

 

Physical activity can be defined as ‘any bodily movement produced by skeletal 

muscle that requires energy expenditure’ (92).  The American College of Sports 

Medicine recommends moderate-intensity aerobic (endurance) physical activity 

for a minimum of 30 minutes for five days every week or vigorous-intensity 

aerobic exercise for 20 minutes for three days each week (93). Similarly, 

guidelines relating to physical activity to avoid weight gain for adults are 30 

minutes of moderate intensity activity everyday (94).  Moderate intensity 

aerobic activity is equivalent to a brisk walk which accelerates the heart rate, 

whereas vigorous-intensity exercise is equivalent to jogging and causes rapid 

breathing and a substantial increase in heart rate (93). In UK the weekly physical 

activity recommendations are for adults to undertake a minimum of 150 minutes 

of moderate intensity activity in sessions lasting at least 10 minutes or more 

(95). Additionally, similar benefits can be achieved through 75 minutes of 

vigorous intensity activity spread over the week (95). Physical activity targets 

can be met by combining intensities and types of activity as well as performing 

daily activities including washing dishes, house chores and walking to and from 

the car (93).  

 

Physical activity can be measured subjectively by a physical activity diary or 

derived from validated questionnaire-based data which allow energy expenditure 

to be estimated. Such methods are cost effective and allow data collation from 

large study groups; however accuracy and validity of data are debatable in 

comparison to objective measurements of physical activity (96-98). Limitations 

include understanding of terminology e.g. ‘moderate’ and ‘vigorous’ exercise 

which can be interpreted differently by individuals completing the questionnaire 

(99). Accuracy in recall and honesty could lead to response bias in quantifying 

activity undertaken are other factors influencing validty of results. Finally 

repetition of the questionnaire by the same individual may not reproduce similar 

results especially if repeated after a period of time during which the individual 

has modified his/her physical activity. Further, it has been shown in one study 

that energy expenditure calculated from three of four frequently used physical 
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activity questionnaires (using data obtained on duration, intensity of each 

reported activity [in metabolic equivalents, METs] over the reporting period to 

measure the average activity level in METs/min), overestimated objective 

measurement of energy expenditure (100).  

 

Alternatives to written records of activity include objective measurement of 

physical activity such use of accelerometry, which is considered as a practical 

non-invasive and reliable way to measure physical activity (101;102). This 

method involves subjects wearing the accelerometer usually by attaching it to 

their waist - this has to be worn at all times while awake. Accelerometers 

measure body movements in terms of acceleration, which can then be used to 

estimate the intensity of physical activity over time (103).  Thus accelerometers 

provide information on the frequency, duration and intensity of physical activity 

(102).  An advantage is that data can be obtained any time of the day either 

during the day or night depending on individual’s activity patterns and activity 

intensity (including estimates of energy expenditure). Finally novel data 

comparing accelerometers to validated questionnaire-based data showed that 

the questionnaire-based data overestimated moderate-to vigorous physical 

activity (MVPA) activity by 250% compared to accelerometer data (397.8 

MET.min.day-1 v 155.9 MET.min.day-1) (104).  

 

 

1.6.2 Physical activity and cardiometabolic risk 

 

It is recognised that reduced physical activity is associated with increased insulin 

resistance and an increased risk of T2DM (105;106). Data from a longitudinal 

cohort study found that regular physical activity was associated with a reduced 

risk of T2DM (107). In the Nurses Health Study it was seen that vigorous exercise 

per week was associated with a 33% reduction in risk of T2DM in women in 

comparison to no exercise performed (108). Evidence from cohort studies 

suggests that those who are more active reduce the risk of T2DM even if they are 

at a high risk of T2DM e.g. in obese individuals (53). Finally the results from the 

Finnish Diabetes Prevention Programme demonstrated that those subjects that 

underwent lifestyle intervention (individualized counselling aimed at reducing 

weight, total intake of fat, and intake of saturated fat and increasing intake of 
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fibre and to undertake physical activity - 30 mins moderate activity daily), their 

cumulative incidence of diabetes after four years was 11% (95% CI, 6-15%) in the 

intervention group and 23% (95% CI, 17-29%) in the control group. During the 

trial, the risk of T2DM was reduced by 58% (p<0.001) in the intervention group - 

this reduction in the incidence of T2DM was directly associated with changes in 

lifestyle (109). 

 

Physical activity favourably influences CVD risk factors including reducing blood 

pressure, increasing HDL cholesterol and reducing body fat (94;110;111). 

However, even after controlling for these factors, physical activity has still been 

shown to be an independent risk factor for CVD (112), indicating that, as well as 

modifying the above risk factors, physical activity may influence CVD risk 

through other non-classical mechanisms (Figure 1.3). 

 

 

 

Figure 1.3 Mechanisms by which physical activity influence CVD risk  

Reproduced from  (113) with permission of Portland Press Ltd 
 
  
Despite the above studies showing the influence of physical activity on 

cardiometabolic risk, misclassification arising from the use of questionnaires to 

assess physical activity can substantially underestimate the true relationship 
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between activity and risk of cardiometabolic disease risk and should be borne in 

mind when interpreting such data (104;114).   

 

 

1.6.3 Physical activity in South Asians  

 

There is established evidence that physical activity levels are much lower in 

South Asians living in the UK than any other population (99;115-117). A detailed 

review on physical activity focused on studies that included the amount of time 

spent undertaking physical activity, or measured physical fitness or calculated 

energy expenditure of South Asians living in the UK (7 studies in adults, 5 in 

youths) (99).  The review consistently demonstrated that South Asians reported 

lower levels of physical activity in comparison to Europeans or the general 

population. Further, across three South Asian subgroups (Bangladeshis, Indians 

and Pakistanis) it was also found that women had low physical activity levels in 

comparison to men and older people also had a low physical activity level. 

 

Similar observations  have been found by Williams and colleagues who reviewed 

physical activity data in South Asians from The Health Survey for England 2004 

(118). The study reported adherence to physical activity recommendations, with 

only 11% of Bangladeshi and 14% Pakistani women achieving adequate physical 

activity levels. Also South Asians were ~33% less active than Europeans on a 

weekly basis- the total MET-min/week in South Asians being 973 MET-min 

compared to 1465 MET-min in Europeans, (p<0.001). The study also showed that 

South Asians were 60% less likely to comply with the current governmental 

guidelines on physical activity recommendations (OR 0.41, 95% CI, 0.38-0.45). 

Interestingly South Asians born in the UK reported higher levels of physical 

activity (by ~50%) than those born elsewhere (p<0.001).  Recent data from 

Leicester, UK, once again demonstrated that South Asians were more likely fall 

below the minimum physical activity recommendations for health compared to 

Europeans (age-adjusted odds ratio [OR] for South Asian men = 2.35, 95% CI, 

1.89–2.93, age adjusted OR for South Asian women = 2.25, 95% CI, 1.81–2.80) 

(117), indicating that little has changed over the past few years.  

 



 

39 

 

Several reasons have been suggested for reduced physical activity in South 

Asians compared to Europeans. One reason could be that South Asians engage in 

a restricted range of leisure activities in comparison to Europeans thus limiting 

options for expending energy (119). Another possibility could be that South Asian 

women could face barriers to participating in physical activity fitness, cultural 

norms and social expectations (120). Finally one cannot overlook any 

exacerbations of the above described limitations of questionnaire-based data in 

South Asians due to cultural interpretation of the terminology used (99). 

Ultimately there is a need for objective measurement of physical activity in 

South Asians to obtain a more accurate picture of how this compares to the 

indigenous European population and whether this may influence differences 

in cardiometabolic risk between the two ethnic groups. 

 

 

1.6.4 Sedentary time and cardiometabolic risk  

 

Whilst the terms ‘reduced physical activity’ and ‘physical inactivity’ are used 

interchangeably, the two terms are not synonymous. ‘Sedentary’ can be defined 

as time ‘spent sitting down’ (121); whereas ‘physical activity’ refers to body 

movement (99), which as described above can be of varying intensities. It has 

been suggested that sedentary time is associated with an increased risk of T2DM 

which influences vascular and metabolic risk factors independent of time spent 

undertaking any form of physical activity (122). A recent meta-analysis of cross-

sectional and prospective data of nearly 800,000 individuals showed that 

sedentary time is associated with an increased risk of DM, CVD and 

cardiovascular and all-cause mortality; with the strength of the association is 

most consistent for DM (123). 

 

Further analysis from the Health Survey for England 2004 data showed that 

physical inactivity explained >20% of the excess CHD mortality observed in the 

South Asians, even after adjustment for potential confounding variables 

(socioeconomic position, smoking, diabetes and existing CVD) (116). More 

recently, cross-sectional data from Gill and colleagues found that for South 

Asians living in UK, time spent sitting was significantly associated with increased 

2-h post glucose load plasma glucose concentrations (121). These data indicate 



 

40 

 

that sedentary time appears to influence cardiometabolic risk independently of 

less intensive physical activity, although once again one cannot overlook the 

subjective element of recording sedentary time. 

 

 

1.7 Liver fat  

 

1.7.1 Association of liver fat with obesity and pathogenesis of dysglycaemia  

 

Ectopic fat deposition in the liver is also a pathological process which 

contributes to insulin resistance, with on-going deposition exacerbating the 

insulin resistant state (124). It is not surprising therefore that liver fat has a 

strong association with obesity and T2DM. Obesity is a common feature of people 

with non-alcoholic fatty liver disease (NAFLD) – a condition when a person has 

more than 5% fat in their liver (125).  Up to 93% of people with NAFLD are 

thought to be obese (126). Likewise, 75 % of people with obesity have NAFLD, 

compared to a prevalence of 16% in people with a normal BMI (127).  

 

The most compelling data describing the associations between NAFLD, 

obesity/adiposity and T2DM comes from pilot data from bariatric surgery 

outcomes and reduced-energy diets in obese patients with T2DM. By applying the 

concept of ‘tracing the reverse route from cure to cause’ in T2DM pathogenesis 

(128), it can be alluded to that if a reduction in adiposity, (particularly liver fat 

content), is associated with a significant improvement in glycaemia in T2DM 

(129-131), then  the presence of liver fat in particular is likely to contribute to 

the development of T2DM. One study clearly demonstrated that in a group of 

obese subjects with T2DM, weight loss from a strict moderately hypocaloric 

very-low-fat diet followed by a period of weight stabilization, resulted in 8% 

weight loss over a mean of 7 weeks, which was associated with an 81% reduction 

in liver fat; with the reduction in overall body adiposity only falling 1.9% over 

the same period (132).  Mean fasting plasma glucose improved from 8.8 mmol/l 

to 6.4 mmol/l in these subjects. Therefore in an obese state, it appears that the 

relatively small quantity of fat deposited in the liver has a disproportionate role 

in glucose homeostasis. Thus given the current body of evidence, one can 

conclude that for many individuals, obesity drives insulin resistance, increases 
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the chances of ectopic fat deposition, chiefly in the liver which appears have a 

significant influence on the progression of insulin resistance which culminates in 

the onset of T2DM (Figure 1.4). 

 

 

 

Figure 1.4 Fat deposition in obese individuals  

VF: visceral fat; EF: ectopic fat 

 

 

1.7.2 Liver fat and cardiometabolic risk 

 

Plentiful data link liver enzymes (alanine aminotranferase [ALT] and γ-

glutamyltransferase [GGT]) to incident T2DM. A recent meta-analysis showed 

that one logged unit higher ALT was associated with a HR of 3.05 (95% CI, 2.59–

3.59, I2 = 26%) and one logged unit higher GGT with a HR of 2.56 (95% CI, 2.31–

2.84, I2 = 32%) in univariate age-adjusted analyses for the development of T2DM 

(133). In the model adjusted for major risk factors for DM, one unit higher 

logged ALT gave a HR for diabetes of 1.85 (95% CI, 1.57–2.18, I2 = 19%), and the 

HR per one unit higher logged GGT was 1.92 (95% CI 1.66–2.21, I2 = 55%). 

However whilst there was adjustment for common DM risk factors for all studies 
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(age, sex, BMI/waist circumference, smoking) included in the meta-analysis, 

other variables including physical activity, family history of DM, cholesterol, 

insulin sensitivity and fasting plasma glucose were not consistently adjusted for. 

In the same meta-analysis, data on ultrasound-diagnosed NAFLD as a 

determinant of incident T2DM were examined in 3 Asian studies. The pooled RRs 

comparing mild vs. no NAFLD for incident T2DM was 2.52 (95% CI, 1.07-5.96), but 

there was evidence of considerable heterogeneity between studies (I2=90%). 

 

Whilst the risk of T2DM in NAFLD is clearly elevated, data linking liver fat with 

risk of incident CVD are less convincing (134). There is a robust association 

between higher GGT levels (135), even within the normal range and incident 

CVD events (136); and this association is influenced by age, with the association 

being much stronger in younger adults (137). However, evidence to suggest that 

GGT can add incremental information in CVD risk prediction is limited (138). By 

contrast, current data suggest ALT levels are not significantly associated with 

CVD risk (139). With regard to image-reported NAFLD, the current evidence base 

is inconsistent and, due to study design, often unable to fully consider 

confounding or mediation by established cardiovascular risk factors (134). Even 

where adjustments have been made, they have often included weak variables 

such as metabolic syndrome, rather than the full range of continuous established 

CVD risk factors used in clinical practice. Thus currently, a diagnosis of NAFLD 

(or increases in liver enzymes) is in itself currently controversial with opinion 

divided on this matter (134;140). 

 

 

1.7.3 Liver fat in South Asians 

 

Limited comparative data on liver fat in South Asians exist in current medical 

literature. One comparative study (using magnetic resonance spectroscopy [MRS] 

to quantify liver fat between South Asians and Europeans indicate that South 

Asian men had nearly triple the hepatic triglyceride content) compared to 

Europeans after adjustment for age and BMI (1.94% v 0.75%, p<0.001) (141). 

Further, the increased hepatic triglyceride content was associated with the 

increased prevalence of insulin resistance in the South Asian group. However 

both groups were poorly matched for age and body composition.  
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A more recent study comparing MRS-quantified liver fat between South Asians 

and Europeans living in Canada showed that healthy South Asians had 

significantly more liver fat 9.9% v 2.2% p <0.05) (68). However on gender sub-

analysis, the 32 South Asian men (who were of similar BMI) who despite having 

double the liver fat content (10.8% v 4.7%) compared to the 21 European men, 

this difference was not statistically significant. This may be due to the small 

numbers in each group, as the study was not powered for this outcome measure. 

Further, both these studies did not accurately record or adjust results for 

alcohol consumption. Thus more research is needed in this area to determine 

whether South Asians indeed have more liver fat compared to Europeans, 

accounting for the confounding effect of alcohol and whether any observed 

difference influence cardiometabolic differences observed between these 

two ethnic groups. 

 

 

1.8 Carotid Ultrasound markers of CVD risk 

 

 

1.8.1 Screening for CVD 

 

In 1991 Dauz and Braunwald (142), introduced the concept of the CVD 

continuum, and highlighted the need for the identification and early detection 

of factors that predispose to the development and progression of coronary artery 

disease, shifting from the focus of managing overt disease. It is recognised that 

the pathogenesis of atherosclerosis involves the interaction between lipid and 

the inflammatory process, with the initiating step in atherosclerosis thought to 

be an inflammatory insult that precedes clinical manifestation by a number of 

years (143), rather than primary abnormalities in plasma lipid (144;145). Medium 

and large-sized arteries are affected first. The earliest visible lesion of 

atherosclerosis is the fatty streak, which is due to an accumulation of lipid-laden 

foam cells (lipid-rich macrophages) in the intimal layer of the artery (146). With 

time, the fatty streak can regress, but more often progresses into a fibrous 

plaque (atheroma), the defining lesion of established atherosclerosis. Figure 1.5 

summarises the macroscopic changes that occur in atherosclerosis over time. 
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Figure 1.5 Summary of the macroscopic changes in atherosclerosis over time 

(147)  

  

Over time the atherogenic lesions grow resulting in clinically silent disease 

manifesting either in a gradual process e.g. stable angina, or more acutely such 

as a fatal MI as a result of the lipid-rich plaque becoming unstable, fissuring or 

rupturing, resulting in the overlying artery thrombosing and occluding.  Rupture 

of the plaque can be due to direct physical damage as a result of endovascular 

procedures, hemodynamic stress due to traditional risk factors e.g. 

hypertension, use of tobacco products, high blood cholesterol levels, or enzymes 

released from platelets and leukocytes (Figure 1.6A and 1.6B) (148;149). 

http://upload.wikimedia.org/wikipedia/commons/9/9a/Endo_dysfunction_Athero.PNG
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Figure 1.6A  Mature atherosclerotic plaque and intralesional components 

Reproduced from  (149) with permission of Elsevier Ltd 

 

SMC - smooth muscle cell;   HDL - high-density lipoprotein   ECM - extracellular 

matrix, IEL - internal elastic lamina; MFC - macrophage foam cell, ROS - reactive 

oxygen species 
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Figure 1.6B Thrombotic complications of atherosclerosis 

Reproduced from  (149) with permission of Elsevier Ltd 

EC - endothelial cell; PAI-1 - plasminogen activator inhibitor-1 

 

 

Despite the established knowledge of the pathophysiology underlying 

atherosclerotic vascular disease, the challenge of identifying asymptomatic 

individuals at moderate or higher risk of short-term future CVD events remains 

elusive. Numerous algorithms exist incorporating multiple risk factors in an 

attempt to improve risk prediction. Furthermore, despite the aetiological 

relevance of traditional risk factors in atherosclerosis, these CVD risk factors 

have a varied performance in predicting which asymptomatic subjects will go on 

to develop CVD (150;151). For example, one study showed the poor screening 

performance of blood pressure is reflected by the fact that individuals in the top 

10% of the distribution of systolic blood pressure experienced only 21% of all IHD 

events and 28% of all strokes at a given age (150). Using several cardiovascular 

risk factors in addition to blood pressure did not improve the screening 

performance of blood pressure. Among persons in a specified age group, the 5% 

at highest risk experienced 17% of all heart disease deaths with risk computation 
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based on blood pressure alone, 22% when based on blood pressure and 

cholesterol in combination, and only 28% using blood pressure, cholesterol, 

smoking and three other cardiovascular risk factors all in combination. Newer 

algorithms incorporating novel factors such as social deprivation and glycated 

haemoglobin A1c (HbA1c) continue to be developed with an attempt to better 

predict future vascular events in individuals (151). Proponents of those in favour 

of such tools indicate that their under-usage rather than their limitation may be 

one of the reasons why individuals miss out on primary prevention (151).  

 

 

1.8.2 Carotid intima-media thickness and prediction CVD 

 

As described, atherosclerosis reflects an interactive process between plasma 

lipid (predominantly LDL) and the inflammatory cascade, with the process 

predominantly affecting the intima, and tending to involve the media only once 

advanced stages are reached. Given that this process can be subclinical for a 

variable, substantial period of time, one might conceive that screening for 

asymptomatic vascular disease, particularly in high risk groups, such as South 

Asians would be beneficial.  

 

The general consensus historically is that noninvasive screening is only beneficial 

in patients without existing atherosclerotic disease who are classed as 

intermediate risk for having a primary cardiovascular event (e.g. one major risk 

factor, FRS 6-20%, family history of first degree relative with premature CVD) 

(152;153). This has been upheld in the most recent American Heart Association 

guidelines (154). Although subsequent to this one systematic review suggests the 

evidence remains inconclusive (155) and even more recently there has been 

further evidence and opinion suggesting that high risk patients (e.g. those with 3 

or more major risk factors) should only get screening if there is a possibility that 

it down classifies a patient (i.e. reclassifying a patient to a lower-risk category) 

and as a result a patient is not subjected to potentially unnecessary preventative 

medical therapy (153;156). 

 

With regard to screening modalities, much discussion has focussed on the role of 

carotid ultrasound scanning (152). A carotid ultrasound scan (USS) can be utilised 
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in one, two or three dimensions. One-dimensional (1D) carotid USS by using B-

mode ultrasound to quantify the degree of atherosclerosis started in the early 

1980s (157). This led to the measurement of IMT (intima-media thickness), with 

IMT becoming a validated measure in arteries in 1986 (158). The researchers 

were able to identify a ‘double line’ image which represented echoes from the 

intima and adventitial boundaries. The distance between these two lines 

represented the thickness of the intima and media combined – when the 

adventia was removed the outer echogenic line disappeared. They compared 

arteries with no plaque with those exhibiting plaque, and found that in order to 

maximise the accuracy and reduce variability in the measurement of carotid IMT 

(cIMT), IMT should be measured in the far wall of the common carotid artery 

(either maximum or mean cIMT), in a segment with no plaque. This has remained 

the approach in many protocols for measurement of cIMT, including prospective 

studies looking at cardiovascular outcomes in relation to cIMT (159-166), as well 

as an outcome measure in drug trials e.g. HMG CoA reductase inhibitors (statins) 

(167). 

 

Carotid IMT is recognised as a surrogate risk factor for CHD (159-164) and stroke 

(161;162;164-166). In a meta-analysis of 8 studies, Lorenz and colleagues 

calculated an age and sex adjusted RR for MI of 1.26 (95% CI, 1.21-1.30) per 1 

standard deviation (SD) difference in baseline cIMT and RR for stroke of 1.32 

(95% CI, 1.27-1.38) per 1 SD difference in baseline cIMT (164). Prior to the 

collation of this evidence, at The American Heart Association Prevention 

Conference V (2000) it was already suggested that the measurement of cIMT in 

clinical practice adds incremental information to traditional risk factor 

assessment in asymptomatic people, particularly those aged >45 years (168), 

with subsequent statements echoing this belief (152;169). An advantage of 

measuring cIMT is the availability of semi-automated software to read images 

and measure cIMT (170). A relatively recent small study (n= 43 women) showed 

that the use of automated software greatly reduced the time spent measuring 

segments (mean 57.5s for manual, 2.5s for automated); as well as showing 

better variation and reproducibility coefficients (171). However a very recent 

meta-analysis using general population cohort data has questioned the merit of 

the usage of progression of cIMT in clinical trials (172).  During a mean follow-up 

of 7 years (using 36,984 participants), whilst the mean cIMT of two ultrasounds 
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2-7 years apart was associated with an increased HR (1.16, 95% CI, 1.10-1.22) for 

combined CVD endpoints (MI, stroke or vascular death), the outcome for yearly 

cIMT progression was not increased (HR 0.97, 95% CI, 0.94-1.00) for the same 

endpoint. As a result the authors stated that no conclusion can be made on the 

use of cIMT progression as a surrogate in clinical trials. 

 

 

1.8.3 Carotid intima-media thickness in South Asians 

 

Currently there are no published prospective longitudinal data on cIMT and 

cardiovascular outcomes on South Asians. Furthermore, there is only one cross-

sectional study comparing cIMT between South Asians and Europeans from the 

same population (173). This study involved 342 South Asians, 326 Chinese and 

317 European men and women in Canada consisting of both asymptomatic 

individuals as well as those with known CVD (prevalence 8.6%, 1.9% and 4.9%, 

respectively).  Overall all three groups were of similar age but South Asians had 

the greatest prevalence of CVD (history of MI, angina, silent MI, PTCA, CABG, or 

stroke): South Asians 10.75, Chinese 5.4%, Europeans 2.4%, p<0.001.  However, 

when the three ethnic groups were compared for maximum cIMT (asymptomatic 

or diseased individuals, adjusted for age, sex and recruitment centre) South 

Asians did not have greater maximum cIMT compared to Europeans (0.72 mm v 

0.75 mm, p<0.001), with the European subgroup having highest maximum cIMT 

out of the 3 ethnic groups. 

 

However, when cardiovascular events were plotted against cIMT quartiles (Q1 

lowest cIMT), for combined groups (diseased and disease-free) for each ethnic 

group, South Asians had an excess of CVD prevalence compared with the other 

groups (Figure 1.7). For example, those within the highest quartile of cIMT, the 

prevalence of CVD was 26% among South Asians, 13% among Europeans, and 7% 

among the Chinese group and the differences were significant (p<0.001), 

however it was not clear whether these were ethnic-specific quartiles or not. 

Thus these data may suggest that absolute cIMT values are not a sensitive 

marker for CVD risk in South Asians, unless ethnic-specific risk-stratified values 

are proposed. 
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Figure 1.7 Prevalence of CVD in relation to cIMT in South Asians 

Reproduced from (173), with permission of Elsevier Ltd  

 

 

1.8.4 Carotid plaques and prediction of CVD 

 

 

It is argued that carotid plaques are pathologically more representative of 

atherosclerosis and that carotid plaque imaging is a potentially more predictive 

marker of vascular risk that cIMT. This is based on the rationale that  carotid 

plaque and cIMT represent different underlying pathophysiological entities (174).  

As described earlier, early atherosclerotic plaque is focal, involving the intima, 

localizing to branches and bends in arteries, probably relating to disturbances of 

flow. However cIMT also includes (and is largely dominated by) the thickness of 

the inner layer (media) of the carotid artery.  

 

As per early opinion and subsequent consensus statements, cIMT  is measured in 

areas without plaque (175;176), or when a number of measurements from 

normal segments of the artery are averaged (with only a couple of slices that 

unintentionally intersect plaque) - the methodology adopted in most of the 

studies included in the meta-analysis undertaken by Lorenz and colleagues 

described earlier (164).  Therefore what is measured is something different from 



 

51 

 

atherosclerosis, if atherosclerosis is defined as plaque. Furthermore, whilst 

atherosclerosis is chiefly an intimal process, it has been highlighted that IMT is 

approximately 80% media, and only 20% intima, therefore any measurements 

made, and any changes in cIMT are likely to be a reflection of changes in the 

media (177); thus a key determinant of cIMT is the effect of blood pressure 

which is known to cause medial wall hypertrophy (178). The researchers found 

that cIMT was only weakly associated with coronary artery disease; and others 

have found that the association of cIMT with coronary atherosclerosis is less 

strong than its association with left ventricular mass and less strong than the 

association between carotid plaque and coronary atherosclerosis (179;180).  

 

Carotid plaque disease can be recorded as plaque presence/absence, or by a 

scoring system, counting and grouping the number of carotid plaques present, or 

by subjectively measuring two dimensional plaque area. Evidence from 

prospective studies is compelling for carotid plaque and cardiovascular risk 

prediction.  Two-dimensional (2D) ultrasound detectable carotid plaque is 

currently defined as a focal structure encroaching into the arterial lumen of at 

least 0.5 mm or 50% of the surrounding IMT value, or demonstrating a thickness 

>1.5mm as measured from media-adventitia interface to intima-lumen interface 

(176).  

 

The majority of existing evidence suggests that at worst, presence of carotid 

plaque is non-inferior to cIMT for predicting future CVD events, with the 

presence of large plaques being a stronger predictor for future CVD events. For 

example, data from as early as 1991, from the Kuopio Ischaemic Heart Disease 

Risk Factor Study (181) found plaque presence to be more strongly predictive 

than carotid IMT of future cardiovascular events. This prospective longitudinal 

study involved 1,288 men asymptomatic from ischaemic heart disease followed 

up for up to 2.5 years. Data linking the association between acute coronary 

events and both cIMT and carotid plaques showed that the presence of mean 

intimal-medial thickening (cIMT >1 mm) was associated with a 2.17-fold (95% CI, 

0.70-6.74) HR, small carotid plaques with a 4.15-fold (95% CI, 1.51-11.47) HR, 

and large ("stenotic") plaques with a 6.71-fold (95% CI, 1.33-33.91) HR for MI. 

Data from a study of 10,000 low risk, healthy individuals in Italy supports this 

(182). Table 1.4 provides published data comparing cIMT and 2D carotid plaque 
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imaging and strength of prediction of cardiovascular outcomes from prospective 

longitudinal studies of subjects asymptomatic of CVD. 
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Table 1.4 Summary of studies comparing cIMT to 2D carotid plaque imaging in relation to CVD outcomes. 

 

AMI – Acute myocardial infarction; mm – millimetre; *Defined as the development of cardiovascular signs and symptoms and/or complications related to arteriosclerosis requiring 

hospital admission and treatment (occurrence of ECG-documented angina, non-fatal, acute MI and coronary death, and requirement for revascularisation). Silent MI noted by ECGs 

obtained at annual follow-up examinations were not counted as clinical events. **cIMT >1.12 mm

Study Population size, 

breakdown and age 

(years) 

Follow-up  Primary outcome Risk associated with cIMT 

thickening  

Risk associated with carotid plaque (CP)  

KIHD (181) 1,288 men aged 42-60 1 month - 2.5 years AMI 2.17-fold (95% CI, 0.70-6.74; 
p>0.05) HR of AMI per mm 
increase in cIMT 

small carotid plaquess 4.15-fold (95% CI, 
1.51-11.47; p<0.01); large ("stenotic") 
plaques  6.71-fold (95% CI, 1.33-33.91; 
p<0.01) risk of AMI 

CAFES-CAVE(182) 10,000 subjects (6055 
men) aged 35-65 

10 years ‘Cardiovascular 
event’* 

Event incidence 8.6% in subjects 
with >1mm thickness in cIMT 

Event incidence 39.38% for nonstenosing 
plaques, 81.06% for stenosing plaques 

Tromso(183) 6,226 (3208 women) aged 
55-74 

mean  - 5.4 years 

median  - 5.8 years 

MI Adjusted RR for MI 1.73 in men, 
2.86 in women for highest v 
lowest quartile 

Adjusted RR for MI 1.56 in men, 3.95 in 
women for highest tertile compared to no 
plaque disease 

Rotterdam MI(184) 6,389 subjects (61.9% 
female) 
mean age 69.3  (SD 9.2) 

7-10 years MI HR 1.20 per SD increase in IMT 
thickness; 1.95 for ‘severe’** 
cIMT thickening 

HR 1.83 for ‘severe’ carotid plaque disease 
compared to no plaque disease 

Rotterdam CVA(185) 6,913 subjects (60.3% 
female) 
mean age 69.5  (SD 9.2) 

Mean 6.2 years Stroke Stroke RR 2.23 for highest tertile 
vs lowest tertile 

Adjusted RR for stroke rr 1.55 for highest 
tertile, v lowest tertile 
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In data from a recent local study (PsoBID study) (186), age and sex adjusted cIMT  

was significantly higher in participants from the most deprived (MD) areas than 

in those from the least deprived (LD) areas (0.70 mm (SD 0.16 mm) v 0.68 mm 

(SD 0.12 mm); p=0.015). On subgroup analysis, however, this difference was only 

apparent in the highest age tertile in men (56.3-66.5 years) (Figure 1.8). 

However, the difference in unadjusted mean plaque score between participants 

from the most deprived and those from the least deprived areas was more 

striking than the difference in intima-media thickness (least deprived 1.0 (SD 

1.5) v most deprived 1.7 (SD 2.0); P<0.0001). In addition, a significant difference 

in plaque score was apparent in the two highest age tertiles in men (46.8-56.2 

years and 56.3-66.5 years; P=0.0073 and P<0.001respectively) i.e ~10 years 

earlier in the life course than that needed to detect measurable differences in 

cIMT (Figure 1.9). Neither adjustment for traditional cardiovascular risk factors 

nor measured ‘novel’ risk factors, either alone or in combination, abolished the 

area-level deprivation-based difference in plaque presence.  

 

 

 

 

 

Figure 1.9  Differences in cIMT between socioeconomic groups stratified by 

age 

Reproduced from (186) with permission of BMJ Publishing Group Ltd 
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Figure 1.9  Differences in carotid plaque presence between socioeconomic 

groups stratified by age 

Reproduced from (186) with permission of BMJ Publishing Group Ltd 

 

Interestingly, two recent studies have incorporated both cIMT and carotid plaque 

presence to determine whether they enhance risk factor models for CVD 

prediction (156;187). The former showed that 23% of subjects would be 

reclassified by the addition of cIMT and carotid plaque to traditional risk factors 

(of which 80% receiving a downward reclassification), with plaque having a 

slightly better reclassification effect than cIMT when added to traditional risk 

factors (albeit statistically nonsignificant). The latter study which incorporated 

cIMT and carotid plaque (by virtue of elaborate composite measurements of 

cIMT) showed very modest improvements in risk reclassification. Finally a recent 

systematic review (studies up to September 2011) aimed to review the evidence 

which included studies that evaluated the added value of cIMT and/or carotid 

plaque scoring in the prediction of developing CVD (188). Once again a similar 

conclusion was made – when carotid ultrasound screening is undertaken, there is 

no noninferioty demonstrated for plaque over cIMT. 
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Finally, relatively novel validated three-dimensional (3D) ultrasound techniques 

exist and are demonstrated to possibly be more informative than existing 2D 

cIMT and plaque measures (189), which can detect earlier responses to 

intervention e.g. statin therapy over a six-month period(190) exist. However 

published long-term longitudinal data or indeed CVD outcome data based on 3D 

imaging of carotid arteries is lacking.  

 

Similarly, more descriptive and detailed contemporary imaging modalities of 

carotid plaque are being used (191). These include radiofrequency assessment of 

carotid plaque and intravenous ultrasound. The former can provide information 

on the content of plaque, by virtue of how echo lucent a plaque is and whether 

echogenicity/lucency is uniform or not (Echo-lucent carotid plaques are lipid-

rich and have a greater potential for clinical complications (192;193). 

Heterogeneous plaques have a hypoechoic component and are associated with 

the presence of intra-plaque haemorrhage, ulceration and lipids, more likely to 

result in adverse events (194). Further, some data suggest that in hospitalised 

cardiological patients, carotid plaque presence and morphology assessed by 

ultrasound are independent predictors of death (195). However, such analysis of 

plaque requires a trained individual as semi-automated software or simple 

criteria (e.g. plaque presence and score) are not currently available. Intravenous 

ultrasound can provide information on plaque type e.g. features indicative of 

vulnerability and thus more prone to rupture. The obvious drawback of this 

modality is that it is invasive and thus not an ideal screening option. Though this 

can be overcome by use of CT angiography, the access to and cost associated 

with this modality limits its practicality. 

 

 

1.8.5 Carotid plaques in South Asians 

 

The analyses of cIMT association suggest that left ventricular mass, blood 

pressure and age, are considered the main predictors of IMT is of major 

relevance in South Asians. Left ventricular mass is a reflection of high systemic 

arterial blood pressure (196) and a review of blood pressure levels in South 

Asians showed no significant difference in blood pressure levels between South 

Asians (as a combined entity) and Europeans (197).  Furthermore, the premature 
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cardiovascular morbidity and mortality seen in South Asians (9;12;13), may 

precede cIMT progression to reach sufficient thickness to classify a South Asian 

as high risk and worthy of primary prevention, i.e. the window of opportunity 

would already be missed. In light of all this evidence, it is unsurprising that 

cIMT has a low sensitivity as a measure of clinically important atherosclerotic 

plaques or as a predictor for vascular disease and suggests that carotid 

plaque may be a superior screening tool in South Asians. 

 

 

1.9 Endothelial function and arterial stiffness 

 

Endothelial dysfunction and changes in vasomotor tone are recognised 

preclinical stages in the pathogenesis of atherosclerosis (198). Endothelial 

function assessment includes measuring the response to an endothelium-

dependent, nitric oxide-mediated stimulus such as acetylcholine, or reactive 

hyperaemia, and a direct (endothelium independent) nitrovasodilator, like 

sodium nitroprusside or nitroglycerin (199). Endothelial function can also be 

assessed non-invasively by pulse wave analysis (200). Arterial ‘stiffness’ 

(sometimes referred to as compliance or ‘distensibility’) has been implicated as 

a feature of subclinical atherosclerosis (201). Several methods exist for the 

determination of arterial stiffness these include established as well as newer 

methods for non-invasively measuring arterial ‘stiffness’ and related 

intermediate cardiovascular phenotypes, and are listed in the Table 1.5 (201). 
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Table 1.5 – Methods for assessing arterial stiffness 

 

Pulse wave 

analysis 

Direct Assessment Other Methods 

Augmentation index PWV Pulse pressure 

Large artery 

compliance 

Local compliance measures AASI 

Small artery 

compliance 

  

PT/TT ratio   

 

PT/TT – peak time/total time, PWV – pulse wave velocity, AASI - Ambulatory 

arterial stiffness index 

  

Several of these methods used to identify asymptomatic cardiovascular 

phenotypes have been shown to predict cardiovascular risk.  One meta-analysis 

suggested that central augmentation index independently predicts future CV 

events and all-cause mortality (202). The same meta-analysis also suggested that 

pulse pressure may also have predictive value. PWV has also been found to be 

associated with cardiovascular events even after adjustment for cardiovascular 

risk factors (203). Recently, a non-invasive test for endothelial function has been 

developed which bases on the principle of reactive hyperaemia assessed by 

fingertip peripheral arterial tonometry without the need for ultrasound or 

plethysmographic assessment of brachial artery vasodilation. The Endo-PAT2000 

has been validated against conventional reactive hyperaemia-based assessment 

of endothelial function (204) and has been found to correlate with traditional 

and metabolic cardiovascular risk factors in the Framingham study (205).  

 

There are some published data on endothelial function and arterial stiffness in 

South Asians. One other study used flow-mediated dilation to assess responses to 

insulin in a clamp study in healthy non-diabetic South Asians compared to whites 

(206). This study showed the percent increase in resting brachial artery diameter 

from before the clamp to after the clamp, was significantly reduced in the Asian 

Indians compared with whites. However brachial artery diameter was similar and 
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the percent changes in brachial artery diameter in response to both reactive 

hyperaemia and nitroglycerin were not significantly different before the 

hyperinsulinaemic clamp between the 2 groups. Several small studies have found 

increased arterial stiffness in young South Asians aged in their 20s to early 30s 

compared to matched Europeans using flow-mediated brachial artery 

vasodilation (207), augmentation index (208) and maximum vasodilatory 

response to the beta-2 agonist isoproterenol (209).  Finally, noninvasive 

measurement of PWV has recently been found to be increased in healthy UK 

South Asian males compared to their European peers (210).  

 

However the duration and preparation required to undertake assessments of 

endothelial function and potential invasive component make the use of such 

modalities are not practical when studying larger groups of subjects particularly 

when attending for comprehensive phenotyping. Similarly these reasons make 

these forms of vascular assessment impractical for use as a screening modality. 

 

 

1.10 Summary and thesis aims 

 

The aim of the preceding literature review was to alert the reader to the 

seriousness and scale of the impact of cardiometabolic disease in South Asians 

living in the UK and further afield, and to highlight the research questions that 

this thesis is designed to aim to answer. Whilst there are emerging data on novel 

modifiable risk factors associated with cardiometabolic disease such as 

cardiorespiratory fitness and physical activity, data in studies of South Asians are 

either small scale (e.g. data relating to cardiorespiratory fitness), limited by 

quality (e.g. lack of objectively-measured physical activity) or inconclusive (e.g. 

role of liver fat in metabolic disease). Further, proposed methods for improved 

screening for CVD in South Asians (e.g. use of cIMT) lack sensitivity and this 

raises the question of whether alternative methods may be more sensitive in this 

high risk ethnic group. 

 

The aims of this thesis therefore are to try and address several of these areas 

which there are few or no published data on them, with the focus on South Asian 

men as the population to be studied. South Asian men were chosen for several 
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reasons, though as discussed in this introduction, South Asian women are also at 

increased risk of cardiometabolic disease. These include – South Asian men being 

at higher absolute risk of cardiometabolic disease compared to South Asian 

women; the components of the study design (anthropometric measurements, 

fitness tests) and the fact that the author and the technician undertaking these 

components were both male would make South Asian women highly unlikely to 

participate as cultural and religious sensitivities dictate that for women in 

particular same gender investigators/care providers are key to participation 

except in the case of necessity (211); and finally it is recognised that in addition 

to the previous point, South Asian women are generally a very challenging 

subpopulation to recruit from (212), thus increasing the risk of under-

recruitment and subsequent study underpowering. Thus using a study population 

of healthy age-matched South Asian and European men, I aimed to address the 

following areas: 

  

 Present comparative data on cardiorespiratory fitness, objectively-

measured physical activity and other metabolic phenotypical data in 

middle-aged South Asian and European men (Chapter 3).  

 

 To determine the extent to which differences in insulin resistance and 

glycaemia between these ethnic groups can be explained by differences in 

the factors mentioned above (Chapter 3). 

 

 To determine whether South Asians have increased liver fat compared to 

Europeans and the extent to which such differences contribute to the 

increased insulin resistance observed in South Asian men compared to 

European men. (Chapter 4) 

 

 Present comparative data on cIMT and carotid plaque presence between 

South Asian men and European men, whether any differences in carotid 

plaque presence between South Asian men and European men occur at an 

earlier age than differences in cIMT and finally to determine what risk 

factors (if any) could account for any such observed differences in cIMT 

and/or carotid plaque disease (Chapter 5). 
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Chapter 2 

General methods 

 

2.1 Introduction 

 

This chapter describes the methods of subject recruitment and subsequent tests 

undertaken by the selected participants. The study was named and publicly 

referred to as the Carotid Ultrasound and Risk of Vascular disease in Europeans 

and South Asians (CURVES) study. Ethical Approval for this study was granted by 

the West of Scotland Research Ethics Service Regional Ethics Committee 1 

(Reference – 09/S0703/118 and was conducted according to the principles 

expressed in the Declaration of Helsinki. The author was a registered medical 

practitioner with Advanced Life Support accreditation.  

 

 

2.1.1 Inclusion and exclusion criteria 

 

Individuals were considered suitable for participation in the study if they met 

the following inclusion criteria and did not meet any of the exclusion criteria 

listed below: 

 

Inclusion criteria 

 

 Male aged 40-70 

 South Asian (i.e. both parents from India, Pakistan, Bangladesh or Sri 

Lanka) or European (i.e. both parents of European origin). 

 Currently residing in the UK and registered with a UK general practitioner. 

 

Exclusion criteria 

 

 Known CHD (symptoms of angina, previously labelled IHD, previous MI, 

coronary artery bypass grafting, percutaneous revascularisation) 

 Previous stroke or TIA 

 Known DM (Type 1 or Type 2) 
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 Musculoskeletal or other disorder (e.g. significant respiratory or 

circulatory disorder), that prevents exercise testing on treadmill 

 Absolute contraindications to magnetic resonance imaging (MRI)  i.e. 

cardiac pacemaker, aneurysm clip, artificial heart valve, ear (cochlear) 

implant, metal fragments in eyes, head or body or any procedure to 

remove metal, metallic implant) 

 

If an individual had an underlying medical condition not listed in the exclusion 

criteria, but could confound results (e.g. ongoing treatment for malignancy), it 

was at the discretion of the author whether to enrol or exclude the individual in 

question. 

 

 

2.1.2 Recruitment, screening and selection 

 

Participants were recruited from the West of Scotland – the majority of 

participants living in NHS Greater Glasgow and Clyde catchment area with a 

minority recruited from NHS Lanarkshire, NHS Ayrshire and NHS Lothian.  

 

Participants were recruited via: (i) local advertising using posters displayed in 

prominent locations throughout the city of Glasgow, word of mouth, and (ii) by 

writing to potentially eligible participants identified from primary care 

databases - as agreed with the Scottish Primary Care Research Network, 

volunteering General Practitioner (GP) surgeries were visited to generate lists of 

potential participants from computerised data according to standard procedure. 

The relevant GPs vetted the lists. Practice-headed letters together with the 

Volunteer Information Leaflet (VIL) (Appendix A1) and an expression−of−interest 

return form (with prepaid envelope) were sent to suitable individuals. Interested 

respondents were then pursued for recruitment. 

 

The majority of participants (95 South Asians and 93 Europeans) were recruited 

by method (i).  For recruitment method (ii), 470 potential volunteers (220 South 

Asians and 250 Europeans) meeting the study inclusion criteria were identified 

from the databases of four primary care practices, and sent letters informing 

them of the study and inviting their participation.  Fifteen individuals (7 South 
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Asians, 8 Europeans) replied positively to these invitation letters.  Three of 

these individuals did not respond to further attempts at contact, and thus 12 

participants (7 Europeans, 5 South Asians) were recruited to the study by 

method (ii). During the Muslim holy month of Ramadan (in which Muslims are 

obliged not to eat from dawn to dusk), no volunteers who were Muslim were 

recruited to participate or indeed in the 2-3 week period after Ramadan (as 

many choose to keep 6 additional voluntary fasts in the subsequent month). 

There were two reasons for this – firstly the nature of what the visit entailed 

(overnight fast, exercise treadmill test to volitional fatigue) would make 

participation impractical and importantly inconvenient for participants. 

Secondly, it has been demonstrated that fasting can influence the metabolic 

profile in the short-term (213) and such physiological changes would confound 

the results of this study. 

 

Interested potential participants were communicated with in person, by email or 

by phone to discuss participation in more detail and confirm eligibility for 

participation. All interested individuals would receive an electronic or hard copy 

of the VIL. They were given the opportunity to ask questions and also meet in 

person if they wanted to discuss things further. Once eligibility was confirmed, 

participants were given an appointment to attend the British Heart Foundation 

(BHF) Glasgow Cardiovascular Research Centre (GCRC) for the main study visit.  

 

As all participants were chosen locally, and were required to read the VIL (which 

was printed in English), the method of recruitment excluded participants who 

could not understand written English. It was recognised that some older South 

Asian men may not be able to speak good English, but were considered for 

inclusion if able to speak Urdu or Hindi, as the author could verbally 

communicate fluently in these languages 
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2.2 Study protocol 

 

2.2.1 Overview of main study visit 

 

Eligible participants attended BHF GCRC at 9am after an overnight fast (≥10 

hours, allowed to drink water only). Participants were asked to bring trainers 

and shorts. Informed written consent was obtained in duplicate (last page of VIL, 

Appendix A1), and participants were given one copy to keep. Consent was 

obtained by the author, who had undertaken Good Clinical Practice training. If 

consent was given, a letter to the participant’s GP informing the GP of 

participation was either posted to the GP Practice or given to the subject to 

hand in to the GP surgery themselves. Figure 2.1 summarises the main visit 

which usually lasted 3-3.5 hours. All components of the visit up to and including 

the physical examination were undertaken in the BHF GCRC, with the remaining 

components undertaken at the purpose built exercise laboratory in the West 

Medical Building, University of Glasgow. Participants who completed the main 

visit received feedback on investigations undertaken (refer 2.6) and were 

offered £20 by the University of Glasgow towards travel/transport costs, but 

received no other incentive for participation. 

 

A health questionnaire (Appendix A2) and validated dietary intake questionnaire 

(Appendix A3) were completed (validated in European populations). The health 

questionnaire enabled comprehensive data to be collected on health history 

(including concurrent medication being taken), family health history smoking 

habits and alcohol consumption. Years of full-time education was also recorded 

as was socio-economic status (SES) and was determined by using the Scottish 

Index of Multiple Deprivation (SIMD) 2006 score (an area-based measure of 

deprivation based on residential postcode - 

http://www.scotland.gov.uk/Topics/Statistics/SIMD), and categorised in 

quintiles with quintile 1 representing the most affluent, and quintile 5 

representing the most deprived group.  Habitual diet was assessed using a 120-

item food-frequency questionnaire (214).  

http://www.scotland.gov.uk/Topics/Statistics/SIMD


 

65 

 

 

 

2.2.1.2 Questionnaires 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Overview of Main visit  
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2.2.2 Blood tests 

 

2.2.2.1 Routine blood tests 

 

Fasting venous blood samples were taken by the Glasgow Clinical Research 

Facility (GCRF) nursing and trained support staff by routine venepuncture. 

Samples were collected for urea, creatinine, electrolytes, total cholesterol, 

triglycerides, HDL-cholesterol, LDL-cholesterol, liver function tests (LFTs) – ALT, 

aspartate aminotransferase (AST), GGT glucose, HbA1C and CRP were collected. 

The samples were then analysed as routine samples on the day collected in the 

NHS Biochemistry Laboratory at Gartnavel General Hospital, Glasgow using 

standard automatic enzymatic (for glucose, lipids and  LFTs), 

immunoturidimetric (CRP) and HPLC (HbA1c methods). The laboratory 

participates in the U.K. National External Quality Assessment Service (UKNEQAS) 

scheme and all tests had inter-assay coefficients of variation (CVs) <5%. 

 

 

2.2.2.2 Non routine blood tests 

 

Additional venous blood samples were obtained for non-routine blood tests to be 

analysed in the University of Glasgow Biochemistry Laboratory facility in the BHF 

GCRC and for storage for future analysis including genetic analysis which all 

participants consented to. One 4 ml EDTA tube was collected for insulin and C 

peptide measurement. The sample was spun at 4 degrees Celsius at 3000 RPM for 

10 minutes the plasma split into 4 x 0.5 ml aliquots. If consent had been given, 

one further 9 ml EDTA tube was collected for potential future genetic analysis. 

The sample was spun at 4°C at 3000 RPM for 10 minutes and one 0.5 ml aliquot 

consisting of the aspirated buffy coat was prepared. All sample preparation was 

undertaken by the GCRF nursing and trained support staff. All samples were 

stored in the freezers in BHF at -80 °C until the time of analysis. Measurement 

of insulin, proinsulin and C-peptide were undertaken using commercially 

available enzyme-linked immunoassays (ELISA) (Mercodia AB, Uppsala, Sweden), 

in a single batch at the end of the study.   
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2.2.3 Carotid Ultrasound 

 

2.2.3.1 Training 

 

Prior to commencing recruitment for the study, a period of training in carotid 

ultrasound under the tutelage of Dr Kevin Deans (KD), Consultant Chemical 

Pathology and Metabolic Medicine, Aberdeen Royal Infirmary, UK, was 

undertaken by the author. KD was trained in cIMT scan analysis by the 

Department of Vascular Medicine, Academic Medical Centre, Amsterdam who 

met the American Society of Echocardiography (ASE) standards for USS scanning 

and cIMT analysis (169). Training was undertaken on a Siemans Acuson Sequoia 

512 scanner with an L8 5-12 MHz linear array broadband transducer (Siemens 

Medical Solutions, Erlangen, Germany), in the GRCF, in the Western Infirmary, 

Glasgow. Scans would be saved as a Digital Imaging and Communications in 

Medicine (DICOM) files to enable offline analysis. An identical model was used in 

the BHF GCRC for scanning the participants for the study.  

 

 

2.2.3.2 Scanning Protocol 

 

All participants underwent carotid ultrasound scans in the BHF GCRC, during 

which both left and right carotid arteries were assessed. All participants were 

scanned by the author, using the same machine which was used for his training. 

A protocol for scanning was created (Appendix A4) and followed for all scans. 

This protocol was adapted from the protocol used in the PsoBid study, which 

included  the same carotid ultrasound outcomes of interest that were measured 

and analysed (186). In summary, with the subject supine, the right carotid artery 

was scanned and then the left. B mode still images and dynamic clips were 

recorded from three sites in the following order: distal 2 cm of the common 

carotid artery, the carotid bulb, and the proximal internal carotid artery. 

Finally, an M mode image of wall movement in the distal 1 cm of the common 

carotid artery was recorded over at least two cardiac cycles to enable potential 

assessment of carotid artery stiffness. Doppler images of each internal carotid 

artery were obtained prior to the B mode still images and clips to exclude pre-

existing significant stenosis. If velocity was above 1.25m/s, the participant 
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would not be included in the study, and appropriate clinical advice was sought 

from the Stroke Team at the Western Infirmary, Glasgow regarding further 

management. The typical position of the participant’s neck is depicted in Figure 

2.2. On occasion, to enhance or indeed obtain images, participants had to turn 

their head more to the contralateral side and thus the 45 degree angle to the 

horizontal was reduced slightly. The mean IMT of the right common carotid 

artery (RCCA ) and left common carotid artery (LCCA) was calculated to give the 

mean cIMT for each participant. 

 

 

 

Figure 2.2 Participant position for carotid USS  

Image obtained with patient supine, neck turned from midline towards opposite 

side (i.e. arteries scanned from ear to ear) 

 

 

2.2.3.3 Carotid intima-media thickness image reproducibility data 

 

To ensure that images of adequate quality were being obtained, 9 healthy male 

volunteers aged 21-33 each had two carotid USSs 6-8 days apart. Images were 



 

69 

 

saved, with KD undertaking the cIMT measurements offline using validated semi-

automated software by Siemens - Syngo US Workplace release 3.5, which 

includes the Arterial Health Package (AHP) (215). For each visit the mean IMT of 

the right common carotid artery and left common carotid artery was calculated. 

The software measured the mean cIMT for the 1 cm region immediately proximal 

to the carotid bulb for each side and the mean of these to values was 

subsequently calculated.  

 

The difference between the means of each visit was then calculated, and the 

mean of this difference was calculated to give the mean absolute difference - a 

marker of quality of image reproducibility. The mean absolute difference for the 

9 volunteers was 0.0357mm, falling within the ASE cut-off of 0.055mm – thus 

meeting the ASE standards of repeatability (169) (Table 2.1). 

 
 
Table 2.1 Carotid intima-media thickness image reproducibility 
 

Volunteer RCCA1* LCCA1* Mean 1* RCCA2* LCCA2* Mean 2* Difference* 

1 0.604 0.691 0.6475 0.55 0.558 0.554 0.0935 

2 0.566 0.408 0.487 0.514 0.425 0.4695 0.0175 

3 0.631 0.717 0.674 0.649 0.665 0.657 0.017 

4 0.406 0.424 0.415 0.375 0.3 0.3375 0.0775 

5 0.442 0.552 0.497 0.505 0.496 0.5005 0.0035 

6 0.409 0.398 0.4035 0.426 0.431 0.4285 0.025 

7 0.588 0.522 0.555 0.503 0.552 0.5275 0.0275 

8 0.473 0.465 0.469 0.421 0.469 0.445 0.024 

9 0.614 0.397 0.5055 0.488 0.452 0.47 0.0355 

      MAD 0.0357 

*All values are in mm 

 

 
RCCA – right common carotid artery; LCCA – left common carotid artery; MAD – 

mean absolute difference  
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2.2.3.4 Carotid intima-media thickness intra-reader and inter-reader 
reproducibility 
 

All scans were read by Greig Logan (GL), a then BSc Honours student at the 

University of Glasgow. GL was trained by KD in cIMT analysis using the AHP 

software. To ensure GL met the ASE intra-reader reproducibility measurements, 

10 scans from the 18 volunteer scans (9 volunteers each having 2 scans on 

separate days, as described above) were randomly selected for inter-

reproducibility assessment. The cIMT was measured for the LCCA and RCCA for 

each of the 10 scans and the mean of these two measurements was then taken. 

The process was repeated 10 times, with the order of subject measurement 

taken at random (lists generated by the author) to ensure the examiner did not 

gain familiarization with the scans. Thus a total of 200 measurements were 

taken (100 LCCA, 100 RCCA), giving 100 means. Each subject’s mean absolute 

difference of IMT had to be <0.055mm with a CV of <6% in order to comply with 

the ASE intra-reader reproducibility standards (169) and was met by GL 

(Appendix A5, Table 1). 

 

For inter-reader reproducibility, the same scans were sent to an external 

examiner with whom the author was trained by (KD) who read the scans in the 

same manner as GL as described above. As per ASE standards (169), Inter-reader 

reproducibility was achieved if the overall means for each of the 10 scans all 

were had a difference of < 0.11mm. Data in Appendix A5, Table 2 confirms this 

criterion was met. 

 

 

2.2.3.5 Carotid ultrasound data analysis – cIMT measurements 

 

Scans were analysed using the AHP software.  All scans were analysed by the 

same reader (GL). GL was blinded to the identities of the participants. All scans 

were analysed after study recruitment had been completed. The mean cIMT for 

each participant was calculated from their respective LCCA and RCCA cIMT 

measurements using the same method described in 2.2.3.3. 
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2.2.3.6 Carotid ultrasound data analysis – carotid plaque scoring 

 

As detailed in the scanning protocol, images were burned to CD to enable offline 

analysis. Carotid plaque score was determined by KD, who was blinded to the 

identities of the study participants and used the AHP software to view the 6 

video corresponding to the respective sites from which images and video clips 

were taken. All scans were analysed after study recruitment had been 

completed. A plaque was defined as a ‘focal structure encroaching into the 

arterial lumen of at least 0.5 mm or 50% of the surrounding IMT value, or 

demonstrating a thickness >1.5 mm as measured from the media-adventitia 

interface to the intima-lumen interface’ (176). To adjust for any unreadable 

video clips, the plaque count was then converted into a plaque score by dividing 

this value by the number of readable images present and multiplying the 

outcome by six (the maximum possible number of images per participant) (184).  

 

 
2.2.4 Blood pressure 

 

Blood pressure was measured on the left arm after at least 15 minutes of seated 

rest using an automated blood pressure monitor (Omron HEM705 CP, Omron 

Healthcare UK Limited, Milton Keynes, UK) which has been validated according 

to the European Society of Hypertension International Protocol (216). The four 

blood pressure measurements that were taken during the carotid ultrasound scan 

were used to calculate the mean systolic and diastolic blood pressure used for 

analysis in the study. The same sphygmomanometer was used throughout the 

study. 

 

 

2.2.5 Physical examination 

 

All participants underwent a basic physical examination performed by the 

author. Examination included assessment of the cardiovascular and respiratory 

systems and any other relevant system at the author’s discretion.  
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2.2.6 Anthropometric measurements 

 

2.2.6.1 Height 

 

Participants had their vertical height measured barefoot using a stadiometer 

(Invicta Plastics Ltd, Leicester, UK). The stretch stature was adopted for all 

height measurements (217), to negate circadian variation in height (218). 

 

The stretch stature is the maximum distance from the floor to the vertex of the 

head. The vertex is the highest point on the skull when the head is held in the 

Frankfort plane. To achieve the Frankfort plane, the head is orientated position 

in which the head when the orbitale and tragion form an invisible horizontal line 

with each other and this line is made perpendicular to the long axis of the body 

(Figure 2.3). 

 

 

Figure 2.3 Position of the head in the Frankfort Plane  

(modified from (217)) 

O- Orbitale; T – Tragion; V - Vertex  

 

The method of adopting the stretch stature involved the subject standing with 

his back, buttocks and heels against a stadiometer, with the participant’s feet 

together and flat on the floor. Either the research fellow or senior exercise 

laboratory technician would stand in front of the subject and orientate the head 
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to the Frankfort plane. His hands were far enough along the line of the 

participants jaw to ensure that upward pressure is transferred through the 

mastoid processes. 

 

The participant was asked to take and hold a deep breath. Whilst the head was 

kept in the Frankfort plane, a gentle upward lift through the mastoid processes 

was applied. At the same time the headboard was brought firmly down on the 

vertex, flattening the hair as much as possible by an assistant who also ensure 

that the feet did not come off the ground. Measurement was made at the end of 

the participant’s deep inward breath, recorded to the nearest 0.001 m. 

 

 

2.2.6.2 Body mass 

 

Body mass was measured with the participant wearing light clothing (e.g. shorts 

and t-shirt), minimal jewellery and their footwear removed.  Body mass was 

measured using a manual balance weighing scale (Avery, Birmingham UK), with 

the same scale used for all participants in the study. Participants would stand 

with their feet flat on the balance in the anatomical position. Mass was 

measured to the nearest 0.05 Kg. 

 

 

2.2.6.3 Skinfold thickness 

 

Skinfold measurements for all participants were performed by the same trained 

individual (John Wilson, JW).  The between-day CV for all skinfold 

measurements was <5%. Measurements were done in private. Measurements 

were made using Harpenden skinfold callipers (Cranlea & Company, Birmingham 

UK). The between-day CV for all skinfold measurements was <5%.  The same 

callipers were used on all participants, and measurements were made to the 

nearest 0.1 mm. All measurements were measured on the participant’s right 

side, and skinfold measurements were taken from the following sites: 
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Upper Body 

 

 Biceps 

 Triceps 

 Subscapualar 

 Iliac Crest 

 Supraspinale 

 

Lower Body 

 

 Front Thigh 

 Medial Calf 

 

All measurements were undertaken with the participant standing up with the 

arms hanging loosely by his side unless stated otherwise. The landmarks for each 

skinfold (including nomenclature) and position for measurement are described 

below and based on international guidelines (217). 

 

Biceps: The elbow was flexed to 90° and the midpoint between the most lateral 

point of the acromion and inferior border of the olecranon was marked. The arm 

was then left to hang loosely with the arm supinated. The measurement was 

made in the midline of the biceps muscle at the level of the mark. 

 

Triceps: This was measured on the posterior aspect of the arm in the midline at 

the same level of the biceps skinfold measurement. 

 

Subscapular:  The subscapulare was first identified (the undermost tip of the 

inferior angle of the scapula). To facilitate the identification of the inferior edge 

of the scapula, the participant would slowly reach behind his back with his right 

arm. If the inferior angle was palpated with the arm moved, then the inferior 

angle would remain palpated as the hand returned back to the resting position. 

The skinfold was measured 2 cm at a 45° angle inferiolaterally from the 

subscapulare. 
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Iliac crest: The participant folded his right arm across his chest AND the skinfold 

was measured above the iliocristale with the callipers held over a diagonal fold 

beginning at the anterior axillary line. 

 

Supraspinale: A straight line from the anterior axillary border to the undermost 

part of the tip of the anterior superior iliac spine was marked. The participant 

then folded his right arm across his chest to allow a horizontal line to be marked 

from the most lateral aspect of the iliac tubercle on the iliac crest (iliocristale) 

towards the front of the abdomen. The point where these two lines intersected 

was the site of skinfold measurement with the participant’s right arm hanging by 

his side and the callipers held at 45° to the vertical. 

 

Medial Calf: The participant stood with his right foot on an anthropometric box. 

The skinfold was measured on the medial aspect of the calf at the level of 

maximum girth which was prior determined when measuring the maximum calf 

circumference (see later). The most medial point was located by the technician 

viewing the site from the front of the participant. The skinfold was measured by 

holding the callipers held vertically. 

 

Front thigh: The participant was seated with his back upright and the knee is 

flexed to 90 degrees. The skinfold was measured parallel to the long axis of the 

thigh and marked at the midpoint between the middle of the inguinal fold 

(crease at the angle of the trunk and thigh) and the superior margin of the 

anterior surface of the patella (determined while the knee was flexed). The 

measurement was made in the midline of the thigh at level of the mark. On 

occasion if the skin of the thigh was taught, the author would hold and lift the 

skin a few centimetres either side of the marked point to facilitate the use of 

the callipers. 

 

All skinfolds were held between the technician’s thumb and index finger. The 

callipers were applied and the measurement was made after pressure had been 

applied for between two and five seconds. For all sites measured, two 

measurements were taken, and the mean of the two measurements was to be 

used for analysis. If the second measurement was not within 5% of the first 

measurement, a third measurement was taken. If the third measurement was 
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within 5% of either the first or second measurement, then the mean of the 

closest two measurements would be used for analysis; if this third measurement 

did not fall within 5% of either of the previous two measurements, then the 

mean of all three measurements would be used for analysis.  

 

 

2.2.6.4 Body circumferences 

 

Body circumferences were measured at five sites - mid upper arm, waist, hips, 

mid-thigh and maximal calf. Measurements were done in private with the 

participant wearing shorts only. A non-elastic tape was used and all 

measurements were performed by the same technician throughout the study. All 

measurements were undertaken with the participant standing up with the arms 

hanging loosely by his side unless stated otherwise. Limb girths were measured 

on the participant’s right side. The landmarks for each skinfold and position for 

measurement are described below and based on international guidelines (217). 

All measurements were done in duplicate, and the mean was used for analysis. 

All measurements were taken horizontally the tape was parallel to the floor. The 

waist hip ratio was calculated by dividing the mean waist circumference by the 

mean hip circumference. 

 

Mid-upper arm (arm relaxed): The girth of the arm was measured at the level 

of the mark used for the biceps skinfold. 

 

Waist: The participant would stand in with his feet close together and his arms 

folded in front of his chest and hands place on the contralateral shoulder. The 

technician kneeled in front of the participant and the circumference was 

circumference was measured at the level of the narrowest point between the 

superior border of the iliac crest and the inferior costal margin (10th rib) at the 

end of a normal expiration. If there was no obvious narrowing, measurement was 

made at the midpoint between the above bony landmarks.   

 

Hips: The participant kept his hands in the same position as for the waist 

measurement, and kept his feet close together. The technician kneeled by the 

right side of the participant. The circumference was measured at the greatest 
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posterior protuberance of the buttocks, at approximately the level of the pubic 

symphysis. 

 

Mid-thigh: The participant kept his hands in the same position as for the waist 

measurement with his feet separated. This circumference was measured at the 

midpoint between the most superior point of the greater trochanter (not the 

most lateral) and the upper most part on the lateral border of the head of the 

tibia.  

 

Calf: The participant stood on the anthropometric box with the technician 

kneeling by the right side of the participant. The maximum girth was determined 

by wrapping the tape round the participant’s calf and measuring the girth at 

what appeared to be the area of maximum girth. The tape was moved up and 

down slightly in a series of up and down measurements to determine the position 

of maximum girth. 

 

 

2.2.7 Body fat measurements using air displacement plythesmography  

 

2.2.7.1 Principles and technique 

 

Total body fat content (expressed as mass in kg and percentage of total body 

mass) and lean body mass (expressed as mass in kg and percentage of total body 

mass) were measured using air displacement plythesmography (ADP). ADP was 

performed using the BOD POD body composition system (Life Measurement 

Instruments, California, USA) according to the manufacturer's instructions and 

recommendations. This system comprises of the BOD POD chamber, digital Scale 

(accommodating body mass measurements up to 250 kg), Calibration Standards 

and Specially configured computer system and Windows®-based BOD POD 

software (219).  

 

ADP for all participants was measured by the author. Participants would wear 

shorts only and be asked to remove all jewellery (including wedding 

bands/rings). All participants would then be asked to wear a swimming cap to 

trap any air pockets present in the hair (regardless of degree of scalp hair) 
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(220). As per product software instruction, the system would be calibrated for 

mass and volume measurements. This involved a volume calibration with and 

without a 50 litre metal cylinder. Mass calibration was done using a 20 kg 

weight. Required participants data was then entered onto the computer, 

including gender, age and height (using the height obtained from the 

anthropometric measurements). The participant then entered the BOD POD and 

sat still inside the anterior (test) chamber (450 litres), with their hands resting 

on their lap. The test chamber was connected to a rear measuring chamber (300 

litres) via oscillating diaphragms (used to induce pressure changes in the anterior 

chamber (Figure 2.4). The participant would be instructed to breathe normally. 

The recommended procedure, consisting of two measurements of body volume 

(50 seconds each), was adopted and when, occasionally, body volumes differed 

in excess of 150 ml, the system required that a third measurement be performed 

(221). The final result reported by the BOD POD instrumentation was the mean 

of the two (or the two closest) measurements. Air conditioning was switched off 

for the duration of the calibration and measurement process to avoid potential 

changes in air pressure. 

 

 

Figure 2.4  Body volume measurement using BOD POD (219) 

 

Calculations of body volume:  The instrumentation measures the volume of air 

in the anterior chamber, using pressure changes induced by the oscillating 

diaphragm according to Boyle's laws (inverse relationship between pressure and 

volume at constant pressure and temperature (222), and provides raw body 
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volume (raw BV; litres) for each participant, simply by calculating the difference 

between the volumes of air in this chamber, with and without the participant 

being present. Raw BV measurements are adversely influenced by adiabatic 

conditions created by the participant's presence (this warmer air, approximately 

37°C, is more compressible than the ambient air), therefore the manufacturer's 

software applies certain corrections to the thoracic gas volume (TGV; litres) and 

the air in close proximity to the skin (using the surface area artefact, SAA; litres) 

to adjust to isothermal conditions.  All calculations were performed 

automatically by the system software. Actual body volume (ABV) was calculated 

using Equation 2.1 (220;221).  TGV (Equation 2.2) was predicted from functional 

residual capacity (FRC; litres) and tidal volume (TV; litres) (223). The system 

predicts FRC using a series of equations (224) with TV assumed to be constant at 

1.2 litres for men (age range 15-91 years). Calculation of SAA has been described 

in detail by Dewit and Colleagues (220). 

 

ABV (litres)  = raw BV  +  0.4TGV − SAA. 

Equation 2.1 Actual body volume (ABV) 

 

 

TGV  =  FRC  +  0.5TV 

Equation 2.2 Thoracic gas volume (TGV) 

 

 

Body density was calculated as body mass/volume (kg/litre). Percentage body 

fat  was calculated according to Equation 2.3 (225). Fat mass was calculated 

from percentage body fat and body mass 

 

% body fat  =  (495 / body density)  −  450 

Equation 2.3 Percentage body fat 
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2.2.7.2 Reproducibility Data 

 

To validate the BOD POD for reliability, 16 volunteers (2 South Asian, 1 East 

African and 13 European) each underwent body composition measurements by 

the BOD POD on two separate occasions 6-8 days apart. A Bland-Altman plot was 

created, by assigning the mean percentage body fat measurement for each 

participant as the x-axis value, and the difference between the two 

measurements as the ordinate (y-axis) value (Figure 2.5). 95% confidence limits 

were created using 1.96 standard deviations (SDs) either side of the mean 

difference in % body fat between visit 2 and visit 1 for the 16 participants. In 

addition, the within-participant CV i.e. the difference between measurements, 

or difference in test-retest values for the same participant expressed as a 

percentage was calculated as an index of reproducibility using online software 

(226). The CV for this sample was 8.2% i.e. a participant who had a body fat 

value of 30% would expect to have a retest body fat value between 27.5% and 

32.5%. The within-participant SD (calculated as the SD of the difference between 

the 2 visits divided by √2) was calculated prior to calculating the within-

participant CV (227). This test-retest reliability being similar to previously 

published data for the BOD POD (228). 

 

 

http://en.wikipedia.org/wiki/Mean
http://en.wikipedia.org/wiki/Mean
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Figure 2.5 Bland-Altman plot for reproducibility of BOD POD 

Difference is visit 2- visit 1. CL- confidence limits 

 

 

2.2.8 Exercise testing 

 

2.2.8.1 Protocols and selection 

 

Hybrid continuous incremental uphill walking protocols based on the Balke (229) 

and Taylor (230) protocols were created to be used in the study. A total of 9 

protocols were created. All protocols had a starting speed of 4.5, 5.0, or 5.5 

Km.h-1 respectively and the gradient would increment by a fixed value (2, 2.5 or 

3%), starting at 0% at 2 minute intervals. Additional increments in work-rate 

(increments resulting in similar increments in predicted oxygen uptake, VO2pred) 

were calculated to be used once the maximum gradient had been exceeded 

(25%) in each of the protocols by increasing the speed of the treadmill. The 

appropriate increase in walking speed was determined using Equation 2.5 (231). 

VO2pred determined by adding VO2pred for the previous stage to the incremental 
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change in VO2pred (ΔVO2pred), and speeds converted from Km.h-1 to m.min-1 

(Appendix A6).  Appendix A7 details the 9 protocols used. 

 

VO2pred = 3.5 + 0.1 x speed (m.min-1) + (gradient % x speed (m.min-1) x 1.8) 

 

Equation 2.5 
 

 

The ideal protocol is one that would result in the exercise test duration to 

exceed 8 minutes, but not substantially exceed 12 minutes (232). The 

appropriate protocol would be determined by JW for all participants, who would 

enquire from the participant directly about the frequency, duration, intensity 

and nature of regular physical activity undertaken. JW is experienced in this 

regard; having been in charge of a number of previous exercise test-based 

studies at the University of Glasgow. 

 

The rationale behind using variations of the Balke protocol was to allow for a 

more gradual warm-up, with smaller increments compared to the standard Bruce 

protocol (233). It was considered safer and easier for unfit and older participants 

and also for participants not accustomed to running, given the upper age limit of 

the study group, with older South Asians even more likely to be unaccustomed to 

undertaking regular physical activity (118). Finally, by having a choice of nine 

different protocols, it would enable each participant to have a tailored exercise 

test. 

 

The main three disadvantages of this type of protocol were: 1) the time factor 

for fit individuals – being an easier test, it takes much longer for fitter 

individuals to reach a maximum effort; and 2) with this type of test 

incriminating by gradient initially, it can be technically challenging for 

individuals who have reached the maximum gradient of the treadmill to start 

running at such a gradient; and 3) a participant may lose motivation to exercise 

to maximal effort if the test is taking too long. If factor (1) was an issue, the 

option to attend for an incremental running-based treadmill test was offered, 

using a protocol that JW has devised and used in previous studies undertaken in 

the exercise laboratory. If factor (2) was an issue, the participant could re-
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attend for a repeat test using the same protocol or selecting a more appropriate 

protocol from the remaining 8 options. Factor (3) was addressed by having music 

and verbal engagement with the participant during the exercise test including 

encouragement when volitional fatigue was being reached (as described in 

section 2.2.8.2). 

 

 

2.2.8.2 Preparation and initiation 

 

In preparation for the test, the technician would go through the exercise test in 

detail with the participant. This included 1) technique of optimal walking style 

on the treadmill (with demonstration, and an opportunity for familiarisation on 

the treadmill including walking at the initial test speed); 2) safety issues, 

including how to terminate the test in the case of an emergency or unexpected 

reason to stop; 3) an explanation of how expired air would be measured (expired 

air from the mouth) and reassurance that despite the nose being clipped-off, the 

participant would not be deprived of room air; 4) explanation of the equipment 

being worn (headset to hold mouth piece for tubing to allow expired air 

collection and nose clips; and 5) how the participant should communicate with 

the team during the test using gesticulations as verbal communication would not 

be possible (3 gestures were used – one to indicate that the participant was 

progressing satisfactorily, the second to indicate that the participant was 

starting to tire, and the final gesture to indicate that the participant could only 

perform for a further minute or so). 

 

JW oversaw all the exercise tests for the study and the same treadmill 

(Woodway PPS 5Med-1, Woodway GmbH, Weil am Rhein, Germany) was used for 

all the exercise tests. The author was also present for all the exercise tests and 

would be responsible for treadmill operation as well as ECG and heart rate 

monitoring (as described in section 2.2.8.3). On occasion a third person would 

form part of the team conducting the test and would assume responsibility for 

treadmill operation in such an instance. 

 

The participant would wear the necessary equipment – headset (which held the 

mouth piece), nose clips (to ensure that all inspired and expired air would be 
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orally), ECG pads/leads and heart rate monitor ( as described in section 2.2.8.3). 

Prior to commencing the test, the participant would be given the opportunity to 

walk wearing the headset and nose clips to confirm comfort and for 

familiarisation. Once the participant was satisfied the test would commence 

after the participant had reached the initial walking speed for the test.  Each 

team member started a stopwatch in synchronisation when the test started. 

 

 

2.2.8.3 ECG, heart rate and participant monitoring 

 

Continuous ECG monitoring was performed for the duration of the test, using 

multiple lead monitoring (234). 12-lead ECGs were recorded at every minute 

throughout the test and be reviewed in real time by the author. A resting test 

prior test commencement was also performed and reviewed by the author to 

exclude any underlying pathology he deemed unsafe for the participant to 

undertake the exercise test. Heart rate was monitored continuously throughout 

the test using a short-range telemetry system. This consisted of a chest wall 

sensor with built-in transmitter and a watch that would receive the signal and 

display the heart rate (Polar s610i Heart Rate Monitor, Polar electro Oy, 

Kempele, Finland). The heart rate was recorded 45 seconds into every minute of 

the test by the treadmill operator. If the signal was lost from this monitor, the 

heart rate being recorded on the ECG machine would be used instead. 

 

 

2.2.8.4 Termination of exercise test and recovery 

 

The exercise test would terminate once the participant had given a maximum 

effort, which usually coincided with the participant completing the last minute 

of expired air collection. The participant would subsequently straddle the 

running surface of the treadmill to enable the operator to reduce the speed and 

gradient of the treadmill to allow the participant to go back on the running 

surface of the treadmill and actively recover from the test. If the participant 

was unable to complete this last minute, they would straddle the treadmill when 

they wanted to terminate the test. The participant would be given verbal 

encouragement throughout the test, to minimise premature indication of ‘one 
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minute left’ gesture. The test could also be terminated by the participant (by 

straddling the treadmill) even if maximal effort was not achieved, but was 

experiencing chest pain, troublesome breathlessness, or pain or discomfort 

elsewhere that was affecting the participant’s ability to continue on the 

treadmill. 

 

Premature termination of the test could also occur at the request of the author 

if the participant indicated any of the following ECG changes were identified: 1) 

horizontal or downsloping ST depression or ST elevation in excess of 0.2 mV (test 

terminated before this in the presence of concomitant chest pain, typical of 

angina, associated with horizontal or downsloping ST depression >0.1 millivolts); 

3) sustained ventricular tachycardia or frequent runs of non-sustained ventricular 

tachycardia (235). The participant would be asked to straddle the treadmill if 

premature termination was indicated. 

 

The stopwatches would be stopped as soon as the participant had straddled the 

treadmill and the time displayed would be considered as the duration of the test 

for that participant (to the nearest second). The time recorded by the author 

would be used. If it was felt that the author’s time was inaccurate the time 

recorded by the technician was used as a back-up. 

 

After the speed and gradient of the treadmill had been reduced, the participant 

returned back onto the running/walking surface of the treadmill, the participant 

would walk at a reduced pace on the flat until the heart rate had fallen to 

around 120/beats per minute and the participant was no longer feeling 

exhausted. 

 

 

2.2.8.5 Expired air collection and analysis 

 

JW would start the collection of expired air when it was felt that the participant 

was reaching maximal effort during the exercise test. JW was experienced in 

recognising when a participant would be approaching maximal effort, paying 

particular attention to pattern of respiration and heart. Expired air was 

collected in 1 minute intervals until termination of the exercise test in Douglas 
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Bags, using the standard technique (236). This would enable minute by minute 

values of oxygen uptake (VO2), and carbon dioxide production (VCO2) to be 

calculated.  

 

Expired air analysis for each bag of collected air was two-stage: 

 

Stage 1: A flow meter extracted 500 ml of air through the sampling port of the 

Douglas bag at a constant flow rate. This air passed through a gas analyser 

(Servomex 4000 series, Servomex Group Ltd, East Sussex, UK) which measured 

the percentage fraction of expired oxygen (FEO2) and the percentage fraction of 

expired carbon dioxide (FECO2). 

 

Stage 2: The remaining air was extracted by a vacuum at a constant flow rate 

through a dry gas meter (Harvard Apparatus Ltd, Kent, UK), which measured the 

volume of expired air. The dry gas meter’s theromometer measured the 

temperature of the expired air. 

 

Before each exercise test, the gas analyzer was calibrated using known 

reference gases (BOC Gases, BOC Ltd, Surrey, UK) and barometric pressure was 

recorded from the barometer in the exercise laboratory. All the gas 

measurements were corrected to standard room temperature and pressure 

(STPD) for a dry gas. Values of VO2 and VCO2 were calculated from expired air 

using the Haldane transformation of the Fick equation as shown in equations 2.6-

2.8) (237). 

 

 

VI = VESTPD x (100- FEO2 - FECO2) / 79.04  

Equation 2.6 Volume of Inspired air 

VI – volume of inspired air; VESTPD – volume of expired air corrected to standard 

temperature and pressure. 

 

 

VO2 (l/min) = VI x 0.2093 - (VESTPD x FEO2 / 100)   

Equation 2.7 Oxygen consumption 
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VCO2 (l/min) = (VESTPD x FEO2 / 100)  - VI x 0.0003   

Equation 2.8 Carbon dioxide production 

 

 

Achievement of VO2max was assessed by confirming a minimum of two of the 

three following criteria: (i) respiratory exchange ratio (RER) ≥1.15; (ii) 

achievement of heart rate ≥90% of age predicted maximum; and (ii) plateau of 

VO2 (238). Respiratory exchange ratio (RER was calculated) by the formula in 

equation 2.9. The age predicted maximum heart rate (HtRmax) was determined 

by the formula in equation 2.10 (239). Plateau of VO2 was determined by  having 

a difference of < 2.l ml/kg/min in VO2 between the last 2 bags of collected 

expired air (230). If the criteria were fulfilled, then highest calculated value of 

VO2 (which may not necessarily be from the last Douglas Bag of collected expired 

air) would then be considered to be the participant’s VO2 max 

 

 

RER= VCO2 / VO2 

Equation 2.9 Respiratory exchange ratio (RER) 

 

 

HtRmax= 220 - Age 

Equation 2.10 Predicted maximum heart rate 

 

 

2.2.9 Habitual physical activity measurements using accelerometry 

 

Objective measurement of habitual physical activity was assessed by seven-day 

accelerometry (Actigraph 3TX+ or ActiTrainer, Actigraph, Florida, USA). 

Participants would wear the device by attaching it to their waistband of their 

outermost lower garment using a belt clip on their right or left side. The 

accelerometer display was switched off. Participants were encouraged to wear 

the accelerometer for all the time spent awake, only removing the 

accelerometer if the participant was indulging in an activity which could result 

in it becoming damaged (e.g. showering contact sports) or falling off (e.g. 
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football). Where possible, if the accelerometer had to be removed, the 

participant was asked to keep it in their trouser pocket for the duration of 

removal where possible.   

 

Accelerometers were programmed to collect data on activity only. Vertical axis 

accelerometer readings were summarized in 60-second epochs. Actilife software 

(version 5 and subsequent updates, ActiGraph, Florida, USA) was used to 

programme accelerometers and download data after the accelerometer had 

been worn. Freedson cut-offs were used for the demarcation of intensity 

domains of activity (240).  A template spreadsheet was created for data to be 

transferred on to, to enable Freedson cut-offs to be determined. A minimum of 

4 valid days’ data was required for analysis. A valid day was defined as having 10 

or more hours of accelerometer wear. A day would commence with the first time 

the accelerometer was put on after waking up from overnight/daily sleep for the 

very first time. ‘Wear’ time was determined by subtracting ‘nonwear’ time for 

each subsequent 24 h thereafter. ‘Nonwear’ was defined by ‘an interval of at 

least 60 consecutive minutes of zero activity intensity counts, with allowance for 

1–2 min of counts between 0 and 100’ (241). However to prevent over estimation 

of ‘nonwear’, participants were asked to complete a booklet detailing the daily 

times the accelerometer was put on and taken off, and further opportunity to 

detail additional times when the accelerometer was taken off and put back on. 

If it appeared that an interval of >60 minutes inactivity as defined above 

occurred whilst the participant was awake, and it was not documented that the 

accelerometer had been removed, then this period of time was included as 

‘wear’ time. 

 

 

2.2.10 Magnetic resonance spectroscopy for quantification of liver fat 

 

52 participants (28 South Asians, 24 Europeans) were recruited from the CURVES 

study to undergo MRS and were chosen at random (but matched for age) within 4 

months of their original main study visit. It was intended to recruit equal 

numbers of participants from each ethnic group. All participants had no known 

parenchymal liver disease. 
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MRS was performed with a 1.5T HDxt GE Signa magnetic resonance scanner (GE 

Healthcare, Milwaukee) using an 8-channel cardiac coil at The Beatson West of 

Scotland Cancer Centre, Glasgow, UK.  Scott Hanvey (SH), Medical Physicist, was 

responsible for contacting volunteers and performing the scans under the 

supervision of Dr John Foster (JF) Consultant Clinical Scientist and Deputy Head 

of MR Physics for NHS Greater Glasgow and Clyde. Consent was undertaken by 

trained MRI staff working in the centre and clinical supervision and review of 

scans was provided by Dr Stuart Ballantyne, Consultant Radiologist, Gartnavel 

General Hospital. 

 

In accordance with previously published data (242), a 30 x 30 x 30mm MRS single 

voxel was acquired near the base of the liver (to minimise effects of respiratory 

motion) avoiding large vessels and at least one centimetre from the liver’s edge.  

Two consecutive spectra were acquired – with echo times (TE) of 144 ms and 35 

ms, respectively (both with repetition times (TR) of 1500 ms) – in the same 

location for each volunteer using the point-resolved spectroscopy (PRESS) 

sequence. The manufacturer’s software (SAGE, GE Healthcare, Milwaukee) was 

used to obtain liver fat and liver water ratios, which was converted into a liver 

fat fraction percentage (FF) using the equation FF = 100  FA / (FA + WA) where 

FA is the area under the fat peak and WA is the area under the water peak 

(243). The two values obtained with the different TE were averaged to give a 

liver fat fraction percentage for each volunteer. Anonymised data were stored 

on the Computers connected to the MR scanner. All analysis was performed 

offline by SH under the Supervision of JF. 

 

 

2.3 Power calculations 

 

2.3.1 Carotid plaque, insulin resistance, VO2max and body fat analysis 

 

Based on observation of carotid plaques in 40% of European men aged 40-70 

(186) and assuming a 1.5 relative risk (i.e. plaques in 60% of SA men aged 40-

70), then 97 men per ethnic group would be needed for 80% power to detect 

differences between plaques between the South Asian and European groups at a 

significance of p=0.05. The power calculation was checked by Professor Ian 
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Ford, Professor of Biostatistics, University of Glasgow, UK. Based on previously 

published local data (47), this number of participants would enable detection of 

differences ~0.4 units, ~3 ml kg1 min1 and ~2 kg in HOMAIR, VO2max and fat 

mass, respectively, with the same power, between the South Asian and 

European groups. The aim was to therefore recruit 100 men from each ethnic 

group for the main study visit. 

 

 

2.3.2 Differences in liver fat 

 

There is a relative lack of data on hepatic fat in SAs but one prior study reported 

a near tripling in hepatic fat (by determination of liver triglyceride levels 

comparing 23 SAs with 73 European men (1.94% v 0.75%, p<0.001) (244). Based 

on these data, as determined by David Purves (DP) and overseen by Dr Alex 

McConnachie (AM) of the Robertson Centre for Biostatics, University of Glasgow, 

it was estimated that a sample size of 22 in each group would be required to 

show, with 90% power, a difference of 0.53 and 0.95 in the log means of insulin 

resistance and liver fat respectively (equivalent to a percentage difference of 

68%  and 158% in the means of insulin resistance and liver fat respectively), at 

the 5% significance level, between Asian and European men. 

 

 

2.4 Statistical analysis 

 

Unless stated otherwise, all statistical analysis was performed using Minitab 

(version 15.1.30.0, Minitab Inc., State College, Pennsylvania) and undertaken by 

the author and overseen by his supervisors - where necessary, more complex 

analyses were have been undertaken by DP and overseen by AM with appropriate 

acknowledgement.  The specific methods of analysis and presentation of data 

are described accordingly in the respective ‘Data analysis’ sections in chapters 3, 

4 and 5. 
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2.5 Insulin resistance calculation 

 

Insulin resistance was assessed using fasting insulin and glucose levels in the 

Homeostasis Assessment Model of Insulin Resistance (HOMAIR) (245). It is the 

most widely used method and is considered presently as the best surrogate 

method for insulin resistance using fasting glucose and insulin measurement 

(246).  Insulin resistance was calculated using equation 2.7. As the laboratory 

assay measured in insulin in mIU/l, each result was multiplied by 6 to obtain the 

corresponding value in pmol/l. 

 

HOMA IR = (fasting glucose [mmol/l] x fasting insulin [mIU/l])/22.5 

Equation 2.11 HOMAIR 

 

 

2.6 Participant notification of results of tests 

 

All participants were conveyed the results of their routine blood tests, blood 

pressure and useful anthropometric results. General lifestyle advice was given by 

the author relevant to the participant’s results. If a participant had blood test 

results that were abnormal, this was discussed with the participant, and if 

appropriate, and consent had been given, the participant’s GP was written to 

informing them of the participant’s results with any appropriate advice or 

follow-up suggestions. It was left to individual GPs to take things forward with 

the participant in question. Those who expressed an interest to know the results 

of the exercise test were provided with also provided their VO2max results. 
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Chapter 3  

Contribution of cardiorespiratory fitness and objectively measured physical 

activity to the increased insulin resistance and fasting glycaemia observed in 

middle-aged South Asian compared to European men living in the United 

Kingdom 

 

 

3.1 Introduction 

 

South Asians living in the United Kingdom have a 3-5 fold increased prevalence 

of T2DM, and develop the disease around a decade earlier and at a lower BMI, 

compared to Europeans (25;28).  In addition, non-diabetic South Asians exhibit 

higher glucose levels than Europeans (14;67).  While the mechanisms for their 

higher risk are not fully understood, greater insulin resistance is a strong 

candidate (14;44;47).  

 

Adiposity (46;80;247), cardiorespiratory fitness (80;83) and physical activity 

(105;113) are key factors influencing insulin resistance, glycaemia and diabetes 

risk.  South Asians carry more body fat than Europeans and this may be 

distributed more centrally (24;44;248).  However, it appears that South Asians 

remain more insulin resistant than Europeans after matching or adjustment for a 

range of adiposity markers (46;47).  Furthermore, limited data from small 

studies suggests that cardiorespiratory fitness, as assessed by VO2max, is ~10-20% 

lower in South Asians than matched Europeans (45;47;87), with previous local 

data (47) showing that adjustment for VO2max attenuated the difference in 

insulin sensitivity between young South Asian and European men.  In addition, 

habitual levels of physical activity amongst South Asians living in the UK appear 

lower than in Europeans (99;116-118).  Low physical activity has been shown to 

explain part of the excess CVD risk observed in South Asians (118), and could 

conceivably contribute to their increased diabetes risk.  However, available data 

on physical activity in South Asians have all been obtained from self-report 

questionnaires: these have limited validity compared to objective measures 

(96;98), which is potentially exacerbated in South Asians due cultural 

interpretation of the terminology used in the questionnaires (99). 

Misclassification arising from the use of questionnaires to assess physical activity 
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can substantially underestimate the true relationship between activity and risk 

of vascular and metabolic disease (104;114).   

 

Thus, from the available data, the extent to which lower cardiorespiratory 

fitness and lower physical activity contributes to increased insulin resistance and 

glycaemia in South Asians is not established.  Thus it was hypothesised that 

these factors would explain a substantial proportion of the increased insulin 

resistance and glycaemia observed in South Asian men living in the UK.    

 

 

3.2 Methods 

 

3.2.1 Participants and recruitment 

 

All participants were recruited and screened as detailed in section 2.1. Specific 

inclusion and exclusion criteria are defined in section 2.1.1. All participants 

received payment for towards transport and received feedback as detailed in 

sections 2.2.1 and 2.6 respectively. 

 

Participants’ health history, including smoking status and family health history, 

education history, SES information and dietary information were obtained as 

described in section 2.2.1 

 

 

3.2.2 Blood biochemistry and blood pressure measurements 

 

Venous blood samples were obtained after an overnight fast of 10-12 hours as 

described in section 2.2.2.1. Samples were sent for routine tests outlined in 

section 2.2.2.1.  Plasma was stored for the subsequent measurement of insulin 

as described in section 2.2.2.2.  Insulin resistance was assessed by HOMAIR and 

was calculated as outlined in section 2.5. 

 

Blood pressure was measured as described in section 2.2.4. 
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3.2.3 Anthropometry 

 

Anthrompometric measurements were performed on all participants as detailed 

in section 2.2.6. Total body lean and fat mass was measured using ADP as 

described in section 2.2.7.  

 

 

3.2.4 Determination of cardiorespiratory fitness 

 

All participants had a clinical assessment and resting ECG performed prior to 

undertaking the exercise test to ensure no contraindications to maximal 

exercise.  Exercise testing was undertaken as described in section 2.2.8. 

Cardiorespiratory fitness was determined by measuring VO2max as described in 

sections 2.2.8.5 and 2.2.8.6. A valid measure of VO2max was achieved in 199 of 

the 200 participants. 

 

 

3.2.5 Measurement of physical activity 

 

Objective measurement of physical activity was obtained through accelerometry 

as described in section 2.2.9. Valid data were obtained for 85 South Asians and 

84 Europeans. 

 

 

3.2.6 Data analysis 

 

The sample size for the CURVES study was determined as calculated in section 

2.3.1.  

 

Summary statistics are presented for all variables for both South Asians and 

Europeans. Continuous variables were compared between the ethnic groups by t-

tests (or Wilcoxon rank sum test for non-normally distributed variables) and 

Fisher’s Exact test for categorical variables. 
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Factor analysis was used to reduce the number of anthropometric variables into 

underlying latent factors.  Three factors emerged relating to ‘total adiposity’ 

(identified by biceps, triceps, subscapular, supraspinale, suprailiac, thigh, and 

calf skinfolds, and fat mass), ‘body size’ (height, lean mass, and hip, mid-thigh 

and mid-calf circumferences), and ‘central adiposity’ (waist circumference and 

WHR).  A summary measure was calculated to describe each factor.  Each 

variable was standardised (by subtracting the mean and dividing by the standard 

deviation), summed according to the factor analysis groups and then 

standardised again.  Initially, linear regression models, adjusted for ethnicity 

(i.e. nullifying the ethnicity effect), were used to assess associations between 

total adiposity, body size, central adiposity, physical activity, sedentary 

behaviour and fitness (expressed as standardised measures) on HOMAIR and 

fasting glucose concentration.  Effects of potential confounding covariates (age, 

education, SES, smoking, alcohol, diabetes family history) on HOMAIR and fasting 

glucose concentration were also assessed.   Both outcome variables were log 

transformed for analysis. Then,  relative effects of ethnicity on HOMAIR and 

glucose was calculated: when it was the only predictor in the model;  after 

separate adjustment for total adiposity, body size, central adiposity, physical 

activity, sedentary behaviour and fitness; and in the final model including 

adjustment for all of the above variables which significantly influenced the 

ethnicity effect.  Thus, this analysis enabled determination of the extent to 

which differences in HOMAIR and fasting glucose concentration between South 

Asians and Europeans could be explained by body composition, fitness, and 

physical activity variables.  The absolute differences in geometric means for 

HOMAIR and fasting glucose concentration between the groups were calculated 

for each model, using the mean value for continuous predictors and the 

reference level for any categorical variables, and 95% CIs for the difference were 

derived by bootstrapping. The percentage change in the relative percentile 

difference between South Asians and Europeans in HOMAIR and fasting glucose 

concentration were calculated with 95% CIs and p-values derived by 

bootstrapping (reductions greater than 100% describe a change in direction of 

the effect). 

 

All the above analysis was undertaken by DP and AM and in consultation with the 

author and his supervisors. 
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The statistical software package R for Windows v2.14 was used for all analysis. 

Statistical significance was accepted at p < 0.05. 

 

 

3.3 Results 

 

3.3.1 Demographic, metabolic and dietary variables 

 

Thirteen South Asian men and one European man who completed the full study 

protocol were subsequently noted to have HbA1c concentrations >6.5% (>48 

mmol/mol) and/or fasting glucose concentrations >7 mmol/l, indicating possible 

undiagnosed diabetes.  Their data were excluded from the analyses.  The final 

data set therefore included 87 South Asian and 99 European men.  Demographic 

and metabolic variables for the final South Asian and European cohorts are 

presented in Table 3.1.  Baseline data for all 200 participants are presented in 

Table 5.1. There were no differences between groups in age or BMI, but South 

Asians were shorter than the Europeans.  South Asians also had completed more 

years in education, were less likely to smoke or consume alcohol, and were more 

likely to have a parent or sibling withT2DM.  There were no differences in SES.  

South Asians had significantly higher glucose, HbA1c, insulin, HOMAIR, CRP and 

diastolic blood pressure, and lower HDL-cholesterol, than the Europeans.  Mean 

± SD reported energy intake (expressed per kg body mass) did not differ between 

Europeans and South Asians (19.9 ± 6.0 vs 18.7 ± 6.5 kcal.kg-1.day-1, p = 0.21).  

There were also no differences in reported protein, carbohydrate or fat intakes 

between the two groups (data not shown), but reported alcohol intake was 

higher in the Europeans than South Asians (22.1 ± 18.3 vs 1.2 ± 6.0 g.day-1, p < 

0.001).  
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Table 3.1 Demographic and metabolic variables for South Asian and European 
men.  
 

  
South Asian 

(N = 87) 
European 
(N = 99) 

p-value 

Demographic and lifestyle variables 
    

Age (years) 
 

48.3 (6.8) 49.7 (6.8) 0.162 

Body mass (kg) 
 

82.0 (12.1) 85.7 (13.9) 0.056 

Height (m) 
 

1.74 (0.07) 1.79 (0.06) <0.001 

BMI (kg/m2) 
 

27.1 (3.8) 26.9 (4.3) 0.700 

Years in Education 
 

15.4 (3.4) 14.4 (3.2) 0.042 

SIMD Quintile 1 6 ( 6.9%) 7 ( 7.1%) 
 

 
2 10 (11.5%) 13 (13.1%) 

 

 
3 16 (18.4%) 19 (19.2%) 0.751 

 
4 23 (26.4%) 18 (18.2%) 

 

 
5 32 (36.8%) 42 (42.4%) 

 

Smoking Status 
never-
smoker 

71 (81.6%) 54 (54.5%) 
 

 
ex-smoker 5 (5.7%) 35 (35.4%) <0.001 

 
current 11 (12.6%) 10 (10.1%) 

 

Alcohol Consumptionb none 81 (93.1%) 10 (10.2%) 
 

(units per week) ≤ 20 4 (4.6%) 69 (70.4%) <0.001 

 
≥ 21 2 (2.3%) 19 (19.4%) 

 

Parental Diabetes Statusb yes 50 (57.5%) 12 (12.2%) <0.001 

Sibling Diabetes Statusb yes 13 (14.9%) 2 (2.0%) 0.002 

Metabolic variables 
 

   

Glucose (mmol/l)  5.3 (4.9, 5.7) 5.1 (4.8, 5.4) 0.018 

HbA1c (mmol/mol)c  39.0 (37.0, 41.0) 36.0 (33.0, 38.0) <0.001a 

HbA1c (%)c  5.7 (5.5, 5.9) 5.4 (5.2, 5.6) <0.001a 

Insulin (pmol/l)c  88.9 (69.5, 119.5) 54.2 (36.8, 79.9) <0.001a 

HOMAIR
c  3.0 (2.4, 4.2) 1.8 (1.1, 2.6) <0.001a 

Total Cholesterol (mmol/l)  5.4 (1.0) 5.6 (1.0) 0.107 

HDL-Cholesterol (mmol/l)  1.1 (1.0, 1.3) 1.3 (1.1, 1.6) <0.001a 

LDL-cholesterol (mmol/l)  3.5 (0.9) 3.6 (0.8) 0.458 

Triacylglycerol (mmol/l)  1.4 (1.0, 2.2) 1.3 (0.9, 1.8) 0.135a 

AST (U/l)  23.3 (6.8) 25.1 (8.6) 0.100 

ALT (U/l)  26.0 (21.0, 35.5) 26.0 (20.0, 35.5) 0.857a 

GGT (U/l)  30.0 (22.0, 42.5) 28.0 (20.5, 43.5) 0.572a 

CRP (nmol/l)b  17.1 (10.5, 38.1) 10.5 (5.7, 23.8) 0.003a 

Systolic blood pressure (mm Hg)  126.3 (15.4) 127.5 (12.9) 0.568 

Diastolic blood pressure (mm Hg)  77.8 (9.1) 74.9 (7.2) 0.018 

Values are mean (SD) for normally distributed variables with p values calculated by t-tests and median 
(inter-quartile range, IQR) for non-normally distributed variables with p-values calculated by Wilcoxon 
testa. Categorical variable p-values are calculated by Fisher's Exact test. bn = 98 for Europeans; cn = 86 for 
South Asians.
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3.3.2 Body composition, fitness and physical activity variables 

 

Body composition, fitness and physical activity variables are presented in Table 

3.2. There were no differences in waist or hip circumferences between the 

South Asian and European groups, but WHR was higher in the South Asians.  

South Asians also had a smaller mid-thigh circumference, and higher values for 

all skinfold thicknesses than the Europeans.  Lean mass was lower and fat mass 

and percentage body fat were higher in the South Asians.  Total adiposity and 

central adiposity factors were higher and body size units lower in South Asians 

than Europeans.  Cardiorespiratory fitness (as assessed by VO2max) was lower in 

South Asians than Europeans, irrespective of whether this was expressed in 

absolute terms (i.e. l/min) (lower on average by 24%),  per kg body mass (by 

21%) or per kg lean mass (by 16%).  

 

South Asians also engaged in less moderate and vigorous physical activity than 

Europeans: the proportion of time spent in moderate-to-vigorous physical 

activity was ~32% lower in South Asians than Europeans.  This equated to South 

Asians engaging in ~23 minutes of moderate-to-vigorous physical activity (MVPA) 

per day compared to ~34 minutes per day for the Europeans.  There were 

significant correlations between VO2max (in ml.kg-1.min-1) and (log) MVPA in both 

South Asians (r = 0.326, p = 0.004) and Europeans (r = 0.326, p = 0.003). 

However, the lower VO2max values in South Asians could not be explained by their 

lower levels of physical activity: South Asians’ VO2max values were lower than 

Europeans’ across the range of MVPA levels, and their VO2max values remained 

significantly lower than Europeans after adjustment for MVPA (Figure 3.1).   
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Table 3.2 Body composition, fitness, and physical activity variables for South 
Asian and European men.  
 

 
South Asian 

(N = 87) 
European 
(N = 99) 

p-value 

Anthropometric variables 
   

(a) Body circumferences 
   

Waist (cm) 97.3 (10.9) 95.6 (11.2) 0.315 

Hips (cm) 99.5 (6.6) 100.5 (7.1) 0.336 

Waist-to-hip ratio 0.98 (0.07) 0.95 (0.06) 0.009 

Mid-upper arm (cm) 34.5 (8.2) 33.4 (3.3) 0.238 

Mid-thigh (cm) 52.6 (4.3) 54.0 (4.0) 0.030 

Mid-calf (cm) 37.7 (3.4) 38.6 (4.1) 0.101 

(b) Skinfold thicknesses 
   

Biceps (mm)e 8.0 (3.6) 6.8 (2.9) 0.015 

Triceps (mm) 16.4 (5.8) 12.6 (4.3) <0.001 

Subscapular (mm) e, k 25.7 (7.3) 18.3 (7.1) <0.001 

Suprailiac (mm)g, j 23.4 (6.2) 18.2 (6.2) <0.001 

Supraspinale (mm) 18.0 (6.6) 12.6 (5.4) <0.001 

Thigh (mm) e 19.1 (7.9) 14.6 (5.7) <0.001 

Calf (mm)i 13.0 (5.4) 10.4 (4.2) <0.001 

(c) Fat and lean mass    

Lean mass (kg) e 57.2 (6.4) 63.3 (7.1) <0.001 

Fat mass (kg) e 24.4 (9.0) 21.8 (9.7) 0.058 

Percentage body fat e 29.2 (7.4) 24.8 (7.4) <0.001 

(d)     Summary anthropometric factors     

Total adiposityb (standardised units) 0.4 (1.0) -0.3 (0.9) <0.001 

Body sizec (standardised units) -0.3 (0.9) 0.3 (1.0) <0.001 

Central adiposityd (standardised units) 0.1 (1.0) -0.1 (1.0) 0.058 

Fitness variables    

VO2 max (l.min-1) e 2.6 (0.4) 3.4 (0.6) <0.001 

VO2 max (ml.kg-1.min-1) e 31.5 (5.8) 39.6 (7.5) <0.001 

VO2 max  (ml.kg lean mass-1.min-1)f 44.7 (6.4) 53.0 (7.8) <0.001 

Physical activity variables    

Sedentary (% of wear time)h, l 66.5 (9.5) 64.2 (9.1) 0.136 

Light physical activity (% of wear time) h, l 30.4 (9.2) 30.8 (8.1) 0.789 

Moderate-to-vigorous physical activity (% of wear 
time) h, l 

2.8 (1.7, 4.1) 4.1 (3.0, 6.8) <0.001a 

Total accelerometer wear time (min.day-1) h, l 824.5 (85.1) 863.0 (74.2) 0.003 

 
Values are mean (SD) for normally distributed variables with p-values calculated by t-tests and median 
(IQR) for non-normally distributed variables with p-values calculated by Wilcoxon testa. Categorical variable 
p values are calculated by Fisher's Exact test. bDerived from biceps, triceps, subscapular, supraspinale, 
suprailiac, thigh, and calf skinfolds, and fat mass; cderived from height, lean mass, and hip, mid-thigh and 
mid-calf circumferences; dderived from waist circumference and waist-to-hip ratio. en = 98, fn = 97, gn = 95 
and hn = 83 for Europeans; in = 86, jn = 84, kn = 82, ln = 75  for South Asian
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Figure 3.1 Relationship between VO2max and moderate-to-vigorous physical 

activity in South Asian and European men.   

Solid circles and the solid line represent South Asian men with open circles and the dotted line 

representing European men. Solid and dotted vertical bars indicate mean MVPA levels in South 

Asian and European men, respectively; the horizontal arrow shows the mean difference in MVPA 

between ethnic groups.  Solid and dotted horizontal bars, with corresponding vertical arrows 

indicate mean VO2max values in South Asian and European men and the mean ethnic difference, 

both unadjusted and adjusted for MVPA. 

 

 

3.3.3 Associations between anthropometric, physical activity and fitness 

variables with HOMAIR and fasting glucose concentration  

 

Table 3.3 shows ethnicity-adjusted relative effects of anthropometric, physical 

activity and fitness variables on HOMAIR and fasting glucose concentration.  

HOMAIR increased with increasing total adiposity, body size, central adiposity 
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and time spent sedentary and decreased with increasing MVPA and VO2max.  

Fasting glucose concentration increased with increasing total adiposity and 

decreased with increasing VO2max.  For these analyses VO2max was expressed in 

ml.kg-1.min-1, but results were similar when VO2max was expressed in l.min-1 or in 

ml.kg lean mass-1.min-1. Effects of potential confounding covariates (smoking 

status, alcohol consumption, years in education and SES) on HOMAIR and fasting 

glucose concentration are shown in Appendix A8.  HOMAIR was higher in ex-

smokers (but not current smokers) than non-smokers (by 26%, 95% CI: 2%, 56%, 

p=0.03).  Other than this, none of measured covariates were significantly 

associated with HOMAIR or fasting glucose concentration. 

 

 

 

Table 3.3 Associations between HOMAIR and fasting glucose concentration 

with standardised anthropometric, physical activity and fitness variables.   

 

Predictor 

HOMAIR Fasting glucose concentration 

Relative effect estimate  
(95% CI), p-value 

Relative effect estimate  
(95% CI), p-value 

Anthropometric variables  
  

Total adipositya  
1.40 (1.30, 1.50) 

p<0.001 
1.02 (1.00, 1.03) 

p=0.013 

Body sizeb  
1.21 (1.12, 1.31) 

p<0.001 
1.00 (0.99, 1.02) 

p=0.666 

Central adiposityc 
1.40 (1.31, 1.49) 

p<0.001 
1.01 (1.00, 1.03) 

p=0.075 

Physical activity variables  
  

Moderate-to-vigorous physical activity 
0.86 (0.79, 0.94) 

p=0.001 
0.99 (0.97, 1.01) 

p=0.263 

Sedentary  
1.10 (1.01, 1.20) 

p=0.024 
1.01 (0.99, 1.02) 

p=0.299 

Fitness variables   

VO2 max
d 

0.74 (0.68, 0.80) 
p<0.001 

0.98 (0.97, 1.00) 
p=0.020 

 

Relative effects are for a 1 SD change in the predictor variable, adjusted for ethnicity. Values 

are presented with 95% CIs and p values. aDerived from biceps, triceps, subscapular, 

supraspinale, suprailiac, thigh, and calf skinfolds, and fat mass; bderived from height, lean mass, 

and hip, mid-thigh and mid-calf circumferences; cderived from waist circumference and waist-to-

hip ratio. dexpressed in ml.kg-1.min-1. 
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3.3.4 Contribution of anthropometric, physical activity and fitness variables 

to the difference in HOMAIR between Europeans and South Asians   

 

Table 3.4 shows the relative effect of ethnicity, in relative and absolute terms, 

on HOMAIR, unadjusted and in models adjusted for anthropometric, physical 

activity and fitness variables. In unadjusted analysis, HOMAIR values in South 

Asians were 67% (95% CI, 42-96%, p<0.001), higher than the values observed in 

Europeans. Ethnicity contributed 18% of the total variance in HOMAIR.  Adjusting 

for total adiposity attenuated the difference in HOMAIR between ethnic groups 

by 51.7% (95% CI, 29.5-80.3%), whereas adjusting for body size increased the 

difference by 28.5% (95% CI, 11.5-48.3%).  Adjusting for MVPA reduced the 

difference in HOMAIR between South Asians and Europeans by 27.5% (95% CI, 

10.7-45.9%).  However, the difference in VO2max between South Asians and 

Europeans explained more of the difference in HOMAIR than any other variable: 

adjustment for VO2max attenuated the difference in HOMAIR between ethnic 

groups by 67.5% (95% CI, 45.1-90.9%).  This is further illustrated in Figure 3.2.  

Adjustment for central adiposity or sedentary time did not significantly alter the 

ethnicity effect on HOMAIR.  Simultaneously adjusting for the four variables 

which significantly changed the ethnicity effect (total adiposity, body size, MVPA 

and VO2max) attenuated the difference in HOMAIR between South Asians and 

Europeans by 83.4% (95% CI, 50.1-118.9%).  Repeating the analyses after 

adjustment for smoking, alcohol consumption, education and SES produced 

similar findings. In these confounder-adjusted analyses, the difference in VO2max 

between South Asians and Europeans explained 77.8% (95% CI, 38.4-132.2%) of 

the ethnic difference in HOMAIR, and the contribution of total adiposity to the 

difference in HOMAIR between the ethnic groups was attenuated slightly to 41.3% 

(95% CI, 0.5-95.7%).   
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Table 3.4 relative effects of ethnicity on HOMAIR, unadjusted and adjusted by anthropometric, physical activity and fitness 
variables.   

 

 Ethnicity effect estimate for HOMAIR 

 N Unadjusteda  Adjustedb  Percentage changec 

  
Relative effect 

estimate (95% CI) 
p-value R2

adj  
Relative effect 

estimate (95% CI) 
p-value R2

adj  
Percentage 

change estimate 
(95% CI) 

p-value 

Anthropometric variables            

Total adiposityd  185 1.67 (1.42, 1.96) <0.001 0.17  1.32 (1.15, 1.53) <0.001 0.43  
-51.7 (-72.1, -

34.3) 
<0.001 

Body sizee  185 1.67 (1.42, 1.96) <0.001 0.17  1.86 (1.59, 2.18) <0.001 0.26  28.5 (10.4, 52.3) <0.001 

Central adiposityf  185 1.67 (1.42, 1.96) <0.001 0.17  1.53 (1.34, 1.74) <0.001 0.46  -21.2 (-38.1, 3.4) 0.080 

Physical activity variables             

Moderate-to-vigorous physical activity 157 1.57 (1.32, 1.86) <0.001 0.14  1.41 (1.18, 1.68) <0.001 0.19  
-27.5 (-49.9, -

10.0) 
<0.001 

Sedentary  157 1.57 (1.32, 1.86) <0.001 0.14  1.53 (1.29, 1.82) <0.001 0.16  -6.0 (-17.9, 2.5) 0.162 

Fitness variables            

VO2 max
g 184 1.66 (1.41, 1.95) <0.001 0.17  1.22 (1.03, 1.44) 0.022 0.35  

-67.5 (-94.8, -
45.0) 

<0.001 

All Statistically Significant Factors            

Total adiposity + Body size +  
Moderate-to-vigorous physical activity  
+ VO2 max 

 

156 1.56 (1.31, 1.85) <0.001 0.14  1.09 (0.91, 1.31) 0.332 0.45  
-83.4 (-120.7, -

55.3) 
<0.001 

Estimates for the relative effect (ratios of geometric means) of ethnicity on HOMAIR and the percentage change between these effects are presented with 95% CIs and p 
values. Adjusted R

2
 (R

2
adj) for unadjusted and adjusted models also displayed.  

a
unadjusted relative ethnicity effect (for South Asians compared to white Europeans); 

b
ethnicity effect adjusted for predictor variables; 

c
percentage change in unadjusted race effect estimate to adjusted model effect. 

d
Derived from biceps, triceps, 

subscapular, supraspinale, suprailiac, thigh, and calf skinfolds, and fat mass; 
e
derived from height, lean mass, and hip, mid-thigh and mid-calf circumferences; 

f
derived 

from waist circumference and WHR. 
g
expressed in ml.kg

-1
.min

-1
. 
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Figure 3.2 Relationship between HOMAIR and VO2max in South Asian and 

European men  

Solid circles and the solid line represent South Asian men with open circles and the dotted line 

representing European men. Solid and dotted vertical bars indicate mean VO2max values in South 

Asian and European men, respectively; the horizontal arrow shows the mean difference in VO2max 

between ethnic groups.  Solid and dotted horizontal bars, with corresponding vertical arrows 

indicate mean HOMAIR values in South Asian and European men and the mean ethnic difference, 

both unadjusted and adjusted for VO2max. 
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3.3.5 Contribution of anthropometric, physical activity and fitness variables 

to the difference in fasting glucose concentration between Europeans and 

South Asians  

 

Table 3.5 presents similar data for the fasting glucose concentration. In 

unadjusted analysis, fasting glucose concentrations in South Asians were 3% (95% 

CI, 1-6%, p<0.017) higher than in Europeans.  Ethnicity contributed to 3% of the 

variance in fasting glucose. Adjusting for total adiposity attenuated the ethnic 

difference in fasting glucose by 39.1% (95% CI, 9.4-76.1%).  Similar to effects on 

HOMAIR, VO2max explained more of the difference in fasting glucose concentration 

between South Asians and Europeans than any other variables, with adjustment 

for VO2max attenuating the ethnic difference by 60.7% (95% CI, 9.2-111.0%).  The 

ethnicity effect for fasting glucose concentration was not significantly 

influenced by body size, central adiposity, MVPA or sedentary time. 

Simultaneously adjusting for total adiposity and VO2max attenuated the ethnic 

difference in fasting glucose by 63.4% (95% CI, 8.2%-114.6%).  Repeating the 

analyses after adjustment for smoking, alcohol consumption, education and SES 

produced essentially similar findings, with VO2max still explaining more of the 

difference in fasting glucose concentration between the ethnic groups than 

other any variable, attenuating the difference by 41.6% (95% CI, 1.7-232.0%)).  In 

these confounder-adjusted analyses no other variables significantly contributed 

to the ethnicity difference.  
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Table 3.5: Relative and absolute effects of ethnicity on fasting glucose concentration, unadjusted and adjusted by anthropometric, 
physical activity and fitness variables.  
  

 N 
Relative ethnicity effect estimate for fasting glucose 

concentration  
 

Absolute difference in fasting 
glucose concentration between 

Europeans and South Asians 
(mmol/l) 

 
Percentage change in 

ethnicity difference with 
adjustment

c
 

  Unadjusted
a
 p-value 

Adjusted for 
predictor 
variable 

p-value  Unadjusted
b
 

Adjusted for 
predictor 
variable 

 
Percentage 

change estimate  
p-value 

Anthropometric variables            

Total adiposity
d
  186 

1.03 (1.01, 

1.06) 
0.017 

1.02 (0.99, 

1.05) 
0.163  

0.18 (0.03, 

0.33) 

0.11 (-0.05, 

0.27) 
 -39.1 (-76.1, -9.4) 0.008 

Body size
e
  186 

1.03 (1.01, 
1.06) 

0.017 
1.04 (1.01, 

1.07) 
0.016  

0.18 (0.03, 
0.33) 

0.19 (0.03, 
0.33) 

 5.4 (-15.9, 26.4) 0.600 

Central adiposity
f
  186 

1.03 (1.01, 
1.06) 

0.017 
1.03 (1.00, 

1.06) 
0.033  

0.18 (0.03, 
0.33) 

0.16 (0.01, 
0.30) 

 -10.6 (-31.7, 1.8) 0.128 

Physical activity variables             

Moderate-to-vigorous physical activity 158 
1.04 (1.01, 

1.07) 
0.016 

1.03 (1.00, 
1.07) 

0.063  
0.20 (0.04, 

0.36) 
0.16 (0.00, 0.33)  -18.0 (-48.6, 10.6) 0.220 

Sedentary  158 
1.04 (1.01, 

1.07) 
0.016 

1.04 (1.01, 
1.07) 

0.023  
0.20 (0.04, 

0.36) 
0.19 (0.03, 

0.34) 
 -5.2 (-19.2, 5.5) 0.406 

Fitness variables            

VO2 max
g
 185 

1.03 (1.00, 

1.06) 
0.023 

1.01 (0.98, 

1.05) 
0.430  

0.17 (0.02, 

0.30) 

0.07 (-0.09, 

0.22) 
 

-60.7 (-111.0, -

9.2) 
0.028 

All Statistically Significant Factors            

Total adiposity + VO2 max 185 
1.03 (1.00, 

1.06) 
0.023 

1.01 (0.98, 
1.04) 

0.460  
0.17 (0.02, 

0.30) 
0.06 (-0.09, 

0.22) 
 

-63.4 (-114.6, -
8.2) 

0.030 

 

Estimates for the effect of ethnicity on fasting glucose concentration, expressed as a relative effect (ratios of geometric means); in terms of absolute difference in 
the geometric mean (in mmol/l); and the percentage change between these effects after adjustment are presented with 95% CIs and p values.  aunadjusted 
relative ethnicity effect (for South Asians compared to Europeans); bunadjusted ethnicity effect in mmol/l; cpercentage change in unadjusted ethnicity effect 
estimate to adjusted model effect. dDerived from biceps, triceps, subscapular, supraspinale, suprailiac, thigh, and calf skinfolds, and fat mass; ederived from 
height, lean mass, and hip, mid-thigh and mid-calf circumferences; fderived from waist circumference and waist-to-hip ratio. gexpressed in ml.kg-1.min-1. 
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3.4 Discussion 

 

The main novel finding of this chapter was that low cardiovascular fitness, as 

measured by gold-standard maximal incremental treadmill test, was the single 

most important factor associated with the increased insulin resistance and 

fasting glycaemia observed in middle-aged South Asian compared to European 

men living in the UK. Ethnicity explained 18% of the variance in HOMAIR, with 

HOMAIR values being 67% higher (1.2 HOMAIR units) in South Asians than 

Europeans. South Asians’ lower VO2max levels (statistically) explained more than 

two-thirds of this ethnic difference (0.8 HOMAIR units).  The ethnic difference in 

fasting glucose concentration was less pronounced. Ethnicity explained 3% of the 

variance in fasting glucose, and values were 3% higher (~0.2 mmol/l) in South 

Asians than Europeans: nevertheless over 60% of the ethnic difference in fasting 

glucose (~0.1 mmol/l) could be explained by VO2max.  Higher total adiposity and 

lower MVPA in South Asians also associated with their greater HOMAIR; their 

increased total adiposity also associated with their higher fasting glucose values.  

Fitness, anthropometric and physical activity variables together explained over 

four-fifths of the increased insulin resistance and three-fifths of the increased 

glycaemia observed in South Asians. 

 

The finding that greater total adiposity explained about half of South Asians 

increased insulin resistance and two-fifths of their increased fasting glycaemia 

compared to Europeans, is consistent with other reports (24;44;248),  although 

interestingly South Asians smaller body size acted in the opposite direction, 

appearing to attenuate the difference in HOMAIR between the groups.  

Furthermore, these findings demonstrate, using robust objective measures, that 

levels of physical activity were significantly lower in South Asians than 

Europeans in our sample, which is consistent with the suggestions from previous 

self-reported data (99;116-118), and reveals for the first time that this 

contributes to their greater insulin resistance.  However, the most striking 

finding from this study is the extent to which lower cardiorespiratory fitness was 

associated with South Asians insulin resistant phenotype.  This is consistent with 

data from animal models which have demonstrated a causal link between low 

fitness and insulin resistance (249) and with epidemiological data reporting 2.6-

fold increased risk of incident T2DM, independent of BMI, in men with low 
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compared high cardiorespiratory fitness levels (83).   Importantly, the present 

data demonstrate that although fitness increases with increasing physical 

activity, South Asians’ lower VO2max values could not be simply explained by their 

lower physical activity levels.  South Asians had lower fitness levels than 

Europeans at all levels of physical activity, and adjusting for MVPA only modestly 

attenuated the ethnic difference in VO2max (see Figure 3.1). Interestingly, recent 

data from the NHANES study support the suggestion of innate differences in 

fitness between ethnic groups, with Ceaser and colleagues reporting systematic 

differences in VO2max between Mexican Americans (highest), non-Hispanic whites 

and non-Hispanic blacks (lowest), which were independent of time spent in (self-

reported) physical activity and demographic factors (250). There is a strong 

heritable component to VO2max, with heritability estimates in this trait of up to 

50% (251;252) thus, it seems likely that there will be a genetic (and/or early 

origins) contribution to the lower VO2max values in South Asians.  Our group have 

recently reported that South Asians have a reduced ability to oxidise fat during 

exercise than Europeans (47), suggesting that there may be innate differences in 

the physiology of South Asians compared to Europeans which may contribute to 

this effect.  The fact that South Asians increased insulin resistance and 

glycaemia is strongly associated with their lower fitness levels, and that 

increasing physical activity is the only way to increase cardiorespiratory fitness, 

suggests that South Asians need to engage in greater levels of physical activity 

than Europeans to achieve the same levels of cardiorespiratory fitness and 

minimise their metabolic risk. This has potential implications for physical 

activity guidance, which, at present, do not take ethnicity into account.  Recent 

consensus statements have recommended that the BMI threshold for obesity in 

South Asian populations should be lowered from 30 kg/m2 to BMI 25 kg/m2 

(73;75), in recognition of the fact that substantially lower BMIs are needed in 

South Asians to confer equivalent cardiometabolic risk factor profiles to those 

observed in populations of white European origin (66;67).  The present data 

suggest that differential physical activity guidance for South Asians may also be 

needed. Larger epidemiological studies, and intervention trials, comparing the 

dose-response relationship between (objectively measured) physical activity and 

cardio-metabolic disease risk in South Asians and Europeans are urgently needed 

to enable appropriate levels of physical activity to minimise risk in South Asian 

populations to be robustly quantified.   
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This study has a number of strengths.  We were initially rigorous to exclude 

those with known diabetes and those with potential undiagnosed diabetes 

(remarkably 13% of South Asian men (vs. 1% of European men)) were excluded 

from further analysis, to prevent potential confounding.  This is the largest study 

to compare objectively measured physical activity and cardiorespiratory fitness 

between South Asian and European men.  Thus, differences in fitness and 

activity between these groups and the contribution of these factors to insulin 

resistance and glycaemia can be robustly assessed from the present data.  

Furthermore, we measured a wide range of adiposity variables and used factor 

analysis to derive robust summary measures of body size and composition to 

enable us to determine which specific features of South Asians greater adiposity 

contributed to their increased insulin resistance and glycaemia.  The groups 

were well-matched for age, BMI and socioeconomic status, and although the 

South Asians spent more years in education, smoked less and drank less alcohol 

than the Europeans, adjusting for these factors did not change the key study 

outcomes: difference in VO2max remained the most important factor associated 

with South Asians greater insulin resistance after adjustment for these potential 

confounders.  However, the study does have limitations.  By nature of the 

recruitment methods, the study cohort represents a self-selected group, and 

thus, a degree of caution is warranted in extrapolating the findings to the 

general UK South Asian population.  However, as the findings with respect to 

fitness, physical activity, adiposity and metabolic variables in South Asians are 

fully consistent with the body of previously published data on this topic, this 

seems unlikely to have introduced substantial bias into the findings. Insulin 

resistance was assessed using HOMAIR, as the size of this single centre study 

made use of the gold-standard euglycaemic hyperinsulinaemic clamp unfeasible.  

Similarly, glycaemia was assessed from fasting glucose concentrations: HbA1c 

was not chosen as a marker of long-term glycaemia in this analyses because of 

potential confounding from known ethnic differences in glycation rates 

independent of glycaemia (253).  Data were not collected on the specific 

country of origin for South Asian (i.e. whether from India, Pakistan, Bangladesh 

or Sri Lanka) participants, due to questionnaire design and it is recognised that 

whilst collectively South Asians are at increased risk of cardiometabolic disease, 

the degree of increased risk factor burden may not be equivalent between the 

contributory backgrounds (254). Finally, the cross-sectional nature of the study, 
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with simultaneous assessment of exposure and outcome variables, means that it 

is not possible to definitively exclude reverse causality as a potential influence 

of the findings.   

 

In conclusion, the present findings show that low cardiorespiratory fitness is 

the single most important factor associated with the increased insulin 

resistance and fasting glycaemia in middle-aged South Asian, compared to 

European, men living in the UK.  Although they were less physically active than 

their European counterparts, South Asians’ lower fitness levels could not be 

explained by their lower physical activity levels, suggesting that low fitness is an 

innate feature of the South Asian phenotype.    Though the observational nature 

of this study means that conclusions cannot be drawn about causality, present 

data suggest that South Asians may need to engage in higher levels of physical 

activity than Europeans to overcome their lower innate fitness and the 

associated metabolic consequences.  This raises the possibility that ethnicity-

specific recommendations for physical activity, and thus prevention of T2DM, 

may be needed. 
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Chapter 4 

Does liver fat contribute to the increased insulin resistance in middle-aged 

South Asian compared to European men living in the United Kingdom? 

 

 

Introduction 

 

South Asians  living in the United Kingdom have a 3-5 fold increased prevalence 

of T2DM, developing the disease around a decade earlier and at a (BMI) 

compared to white Europeans (25).  Furthermore, non-diabetic South Asians 

have higher fasting glycaemia and are more insulin resistant than Europeans 

(47).  

 

Liver fat is associated with insulin resistance and T2DM risk and is considered to 

play a causal role in diabetes (128). Limited data suggest that South Asians have 

higher liver fat content than age- and BMI-matched Europeans (68;141), but it is 

not currently clear whether this contributes to the observed ethnic difference in 

insulin resistance.  The purpose of this chapter was (a) to determine whether 

South Asian men have increased liver fat percentage compared to white 

European men living in the UK and (b) to determine the extent to which such 

differences could explain the increased insulin resistance observed in South 

Asian compared to European men. 

 

 

4.2 Methods 

 

4.2.1 Participants and recruitment 

 

All participants (28 South Asians, 24 Europeans) were recruited from the wider 

CURVES study and screened as detailed in section 2.1 and were chosen at 

random (but matched for age) within 4 months of their original main study visit. 

It was intended to recruit equal numbers of participants from each ethnic group. 

Specific inclusion and exclusion criteria are defined in section 2.1.1. All 

participants received payment for towards transport and received feedback as 

detailed in sections 2.2.1 and 2.6 respectively. 
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Participants’ health history, including smoking status and family health history, 

education history SES information and dietary information were obtained as 

described in section 2.2.1 

 

 

4.2.2 Blood biochemistry and blood pressure measurements 

 

Venous blood samples were obtained after an overnight fast of 10-12 hours as 

described in section 2.2.2.1. Samples were sent for routine tests outlined in 

section 2.2.2.1.  Plasma was stored for the subsequent measurement of insulin 

as described in section 2.2.2.2. Insulin resistance was assessed by HOMAIR and 

was calculated as outlined in section 2.5. 

 

Blood pressure was measured as described in section 2.2.4. 

 

 

4.2.3 Anthropometry 

 

Anthropometric measurements were performed on all participants as detailed in 

section 2.2.6. Total body lean and fat mass was measured using ADP as described 

in section 2.2.7.  

 

 

4.2.4   Magnetic resonance spectroscopy for quantification of liver fat 

 

MR spectroscopy technique and subsequent quantification of liver fat were 

undertaken as detailed in section 2.2.10. 

 

 

4.2.5 Data analysis 

 

The sample size for this study was determined as calculated in section 2.3.2.  

Statistical analysis was performed using R for Windows v2.14. Values are 

presented as mean (SD) for normally distributed and log transformed variables 

with p-values calculated by t-tests and median (IQR) for non-normally distributed 
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variables with p-values calculated by Wilcoxon test.  Linear regression modelling 

was undertaken to determine the extent to which differences in insulin 

resistance (calculated by Homeostasis Model Assessment estimated insulin 

resistance, HOMAIR (245)) between ethnic groups could be explained by 

differences in liver fat content.  Outcome variables were log transformed for 

analysis to better meet the assumption of normally-distributed model residuals. 

 

 

4.3 Results 

 

Baseline demographic, metabolic and anthropometric variables for the two 

ethnic groups are presented in Table 4.1. The two groups were well-matched for 

age and BMI.  Waist circumference was numerically, but not significantly, higher 

in South Asians than Europeans. South Asians had higher HbA1c, fasting insulin 

and HOMAIR than Europeans, although fasting glucose concentrations were 

similar.  South Asians also had a lipoprotein profile consistent with greater 

insulin resistance with lower HDL cholesterol concentrations, but similar LDL 

cholesterol concentrations.  However, liver fat levels did not differ significantly 

between South Asians and Europeans.  As reported, alcohol consumption differed 

markedly between South Asians than Europeans: only one Asian in the sample 

consumed alcohol and, in contrast, only two Europeans did not. After adjusting 

for alcohol consumption, to correct for potential confounding effects, the liver 

fat percentage in South Asians was 41% (10% to 62%; p=0.016) lower than in 

Europeans.  Liver enzyme concentrations were similar in South Asians and 

Europeans.  
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Table 4.1 Demographic, metabolic and anthropometric variables for South 
Asian and European men  
 
 

  
South Asian 

(N=28) 
European 

(N=24) 
p-value 

Demographic, anthropometric and 
lifestyle variables 

    

Age (years)  49.8 (8.2) 50.3 (5.9) 0.799 

BMI (kg.m-2)  28.5 (4.8) 27.4 (3.2) 0.314 

Waist (cm)  101.1 (12.5) 96.8 (7.3) 0.148 

Waist-to-hip ratio  0.99 (0.07) 0.97 (0.05) 0.233 

Percentage body fat  29.3 (8.2) 25.7 (6.7) 0.010 

Alcohol Consumption (grams per day)  0.16 (0.85) 21.19 (13.25) <0.001 

Metabolic variables     

Glucose (mmol.l-1)  5.25 (4.90, 5.70) 5.00 (4.80, 5.55) 0.333a 

HbA1c (%)  5.60 (5.50, 5.83) 5.40 (5.28, 5.60) 0.010a 

HbA1c (mmol/mol)  38.0 (37.0, 40.3) 36.0 (33.8 38.0) 0.010a 

Insulin (mU.l-1)  15.1 (9.7, 19.6) 10.1 (6.7, 12.3) 0.016a 

HOMAIR  3.36 (2.41, 4.44) 2.27 (1.39, 2.99) 0.027a 

Total Cholesterol (mmol.l-1)  5.33 (0.83) 5.39 (0.98) 0.80 

HDL-Cholesterol (mmol.l-1)  1.11 (0.17) 1.27 (0.24) 0.010 

LDL-cholesterol (mmol.l-1)  3.49 (0.71) 3.44 (0.84) 0.806 

Triglycerides (mmol.l-1)  1.35 (0.98, 2.00) 1.20 (0.93, 1.68) 0.473a 

AST (U.l-1)  22.0 (19.0, 26.3) 23.5 (20.0, 28.5) 0.265a 

ALT (U.l-1)  25.5 (20.5, 36.0) 26.5 (21.8, 44.0) 0.538a 

GGT (U.l-1)  27.0 (19.0, 35.5) 28.0 (20.8, 45.3)  0.441a 

Systolic blood pressure (mm Hg)  123.9 (11.9) 129.3 (12.4) 0.111 

Diastolic blood pressure (mm Hg)  76.5 (7.0) 76.8 (6.9) 0.490 

Liver fat     

Unadjusted liver fat (%)b  5.28 (2.11) 5.41 (2.35) 0.913 

Alcohol adjusted liver Fat (%)b  5.30 (2.10) 9.03 (2.22) 0.017 
 

Values are mean (SD) for normally distributed variables with p-values calculated by t-tests and 
median (IQR) for non-normally distributed variables with p-values calculated by Wilcoxon testa. 
Geometric means presented (p-values calculated using t-tests on log means)b. 
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Figure 4.1 shows the relationship between alcohol-adjusted liver fat content and 

HOMAIR in South Asians and Europeans.  There was a positive association 

between adjusted liver fat percentage and HOMAIR with both ethnic groups, with 

no significant ethnicity-liver fat interaction.  Adjusted liver fat and ethnicity 

together explained 31% of the variance in HOMAIR (ethnicity alone explained 5.6% 

of the variance in HOMAIR). There was a significant offset in the regression lines: 

for any given alcohol-adjusted liver fat percentage HOMAIR was 80% (31% to 

149%; p<0.001) higher in Asian men compared to Europeans. Adjustment for 

alcohol-adjusted liver fat percentage did not attenuate, and in fact slightly 

increased, the difference in HOMAIR between ethnic groups (see Figure 1).  
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Figure 4.1 Relationship between HOMAIR and alcohol-adjusted liver fat in 

South Asian and European men   

 

Solid circles and the solid line represent South Asian men with open circles and the dotted line 

representing European men. Solid and dotted vertical bars indicate mean liver fat percentages 

(adjusted to zero alcohol consumption) in SA and European men, respectively; the horizontal 

arrow shows the mean difference in liver fat percentage between ethnic groups.  Solid and 

dotted horizontal bars, with corresponding vertical arrows indicate mean log HOMAIR values in 

South Asian and European men and the mean ethnic difference, both unadjusted and adjusted 

for liver fat. 
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4.4 Discussion 

 

The main finding of this chapter is that, despite having a phenotype consistent 

with greater insulin resistance, middle-aged South Asian men did not have 

greater percentage liver fat than Europeans of similar age and BMI.  These 

results indicate that while increasing levels of liver fat were associated with 

increasing insulin resistance in both South Asians and Europeans – consistent with 

the body of evidence showing clear associations and a potential mechanistic link 

between liver fat and insulin resistance (128) – South Asians were markedly more 

insulin resistant than Europeans for any given level of liver fat.  No previous 

study has directly investigated whether increased liver fat levels can explain the 

greater insulin resistance, but previous studies have reported that South Asians 

have higher levels of liver fat compared to Europeans (68;141). The present data 

suggest that, while some South Asians may have greater levels of liver fat than 

Europeans, increased percentage liver fat is not a consistent feature of the 

South Asian phenotype.  Because of clear differences in alcohol consumption 

between the European and South Asian groups, we adjusted our data for the 

potential confounding effects of alcohol on liver fat levels. However, our 

findings were robust to this effect: adjusting for alcohol consumption acted to 

reduce, rather than increase, liver fat levels in South Asians, relative to 

Europeans.  Thus, factors other than increased liver fat per se must be 

responsible for South Asians’ greater insulin resistance.    Data from the previous 

chapter suggest that differences in cardiorespiratory fitness as well as previous 

local data suggesting that the capacity of skeletal muscle to oxidase fat are also 

likely to play a key role (47).  It is also possible that differences in ectopic fat in 

the pancreas may contribute to greater dysglycaemia– novel data indicate that 

pancreatic fat is more influential than liver fat in the dysglycaemic process 

(255). Finally, it remains possible that a given level of liver fat may be more 

metabolically toxic in South Asians than Europeans, a suggestion which requires 

further study.  

 

In conclusion, these data indicate that although clear associations between liver 

fat percentage and insulin resistance were observed in South Asians and in 

Europeans, increased insulin resistance in South Asians cannot be explained by a 

greater liver fat percentage. 
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Chapter 5  

Differences in ultrasound-based measures of carotid atherosclerosis between 

middle-aged South Asian compared to European men living in the United 

Kingdom 

 

 

5.1 Introduction 

 

Migrant South Asian populations in Europe, North America the Westernised 

countries have a greater CVD risk than their respective indigenous populations 

(8).  Several studies have shown that both overall and premature (i.e. 10 years 

earlier and age <40) CHD morbidity and mortality is significantly higher in 

migrant South Asians than in white populations in the UK and globally (9;12;13), 

with there being little change over a 30-year period (11). Similarly, deaths from 

cerebrovascular disease remain in excess compared to White Europeans for 

migrant South Asian populations (11).   

 

The increased CHD burden in migrant South Asians is not fully explained by 

traditional CVD risk factors, such as total cholesterol, blood pressure, smoking 

and diabetes (14-18), though South Asians have a more atherogenic lipoprotein 

profile (22;23). Prospective data from one study showed that the age-adjusted 

HR for male CHD mortality in South Asians to be 1.64 (95% CI, 1.24–2.16), 

compared with white Europeans, increasing to 2.14 (2.14 (95% CI, 1.56–2.94) 

after adjustment for smoking and cholesterol (14). Further analysis using 

multivariable models adjusting for conventional risk factors and T2DM and/or 

impaired glucose regulation, features of insulin resistance, or the metabolic 

syndrome showed that CHD mortality remained significantly higher in South 

Asian men (HR 1.6–1.9).  In other words, current risk models do not account for 

the excess CVD risk in South Asians. Thus identification of other markers to 

identify the increased CVD risk in South Asians is a pressing clinical concern. 

Indeed, in recognition of the increased ethnicity-associated CVD risk, one of the 

latest risk scores that has been developed to estimate a patient’s 10 year risk of 

CVD based on certain key known risk factors in England and Wales, incorporates 

ethnicity into the equation (256). 
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Carotid intima media thickness is recognised as a surrogate risk factor for 

coronary heart disease (159-164) and stroke (161;162;164-166).  A key strength 

of this method is the availability of semi-automated software to read images and 

measure cIMT (170), making it a rapid, accurate and potentially reproducible 

screening modality. Currently there are no published prospective longitudinal 

data on cIMT and CVD outcomes on South Asians and only one cross-sectional 

study comparing cIMT between South Asians and Europeans from the same 

population (173).  This study indicated that cIMT was not higher in South Asians 

compared with Europeans, despite South Asians having a higher number CVD 

events, suggesting that absolute cIMT values may not be a sensitive marker of 

excess CVD risk in South Asians. 

 

Two-dimensional assessment of carotid plaque has also been used as a modality 

to facilitate CVD risk stratification and is also associated with future risk of MI 

and stroke (183-185;257)  Furthermore, when incorporated into risk 

stratification models - as is the case for cIMT - carotid plaque presence/absence 

appears to provide enhanced risk classification (156;187).  Thus, both cIMT and 

carotid plaque assessment may have a role when considering patients for 

preventative medical therapy (156). 

 

In addition, one cross-sectional study which compared age-related cIMT 

differences, with differences in carotid plaque disease between population 

groups of two socioeconomic extremes, demonstrated that differences between 

affluent and deprived populations in plaque score were apparent earlier in the 

life-course (~10 years) than differences in cIMT  (186).   This suggests that 

plaque score may be a more sensitive marker of deprivation associated CVD risk 

than cIMT. Neither adjustment for traditional cardiovascular risk factors nor 

measured ‘novel’ risk factors, either alone or in combination, abolished the 

area-level deprivation-based difference in plaque presence.   These intriguing 

data suggest the possibility that plaque score be a more sensitive measure of 

CVD risk than cIMT and therefore may reveal a difference in CVD risk between 

South Asians and Europeans not evident from cIMT measures. 

 

There are no published data comparing carotid plaque presence between 

Europeans and South Asians from the same population.  Thus the aims of this 
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chapter are to determine: (i) whether South Asians have a difference in cIMT or 

carotid plaque presence compared to Europeans; and if so, (ii) whether 

differences carotid plaque presence between South Asians and Europeans occur 

at an earlier age than differences in cIMT and (iii) to determine whether any 

measured risk factors (if any) could account for any such observed differences in 

cIMT and/or carotid plaque presence. 

 

 

5.2 Methods 

 

5.2.1 Participants and recruitment 

 

All participants were recruited and screened as detailed in section 2.1. Specific 

inclusion and exclusion criteria are defined in section 2.1.1. All participants 

received payment for towards transport and received feedback as detailed in 

sections 2.2.1 and 2.6 respectively. 

 

Participants’ health history, including smoking status and family health history, 

education history, SES information and dietary information were obtained as 

described in section 2.2.1. 

 

 

5.2.2 Carotid ultrasound scanning and analysis 

 

The scanning protocol used was as described in section 2.2.3.2. The author 

performed all the scans and met predefined reproducibility criteria for scan 

quality as described in section 2.2.3.3. All scans for cIMT measurements were 

analysed as described in sections 2.2.3.5 using software as described in section 

2.2.3.3 by a trained reader (GL) as described in section 2.2.3.4 

 

All scans for plaque scoring were analysed by KD, a trained individual (as 

described in section 2.2.3.1), who was blinded to the participant group, using 

the software described in section 2.2.3.3 to view data and was blinded to the 

identities of the participants. The criteria applied for plaque identification and 

scoring was as described in section 2.2.3.6. 
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5.2.3 Anthropometry 

 

Anthropometric measurements were performed on all participants as detailed in 

section 2.2.6. Total body lean and fat mass was measured using ADP as described 

in section 2.2.7.  

 

 

5.2.4 Blood biochemistry and blood pressure measurements 

 

Venous blood samples were obtained after an overnight fast as described in 

section 2.2.2.1. Samples were sent for routine tests as detailed in section 

2.2.2.1.  Plasma was stored for the subsequent measurement of insulin as 

described in section 2.2.2.2.  HOMAIR was calculated as outlined in section 2.5. 

 

Blood pressure was measured as described in section 2.2.4. 

 

 

5.2.5 Determination of cardiorespiratory fitness 

 

All participants had a clinical assessment and resting ECG performed prior to 

undertaking the exercise test to ensure no contraindications to maximal 

exercise.  Exercise testing was undertaken as described in section 2.2.8. 

Cardiorespiratory fitness was determined by measuring VO2max as described in 

sections 2.2.8.5 and 2.2.8.6. A valid measure of VO2max was achieved in 199 of 

the 200 participants. 

 

 

5.2.6 Measurement of physical activity 

 

Objective measurement of physical activity was obtained through accelerometry 

as described in section 2.2.9. Valid data were obtained for 85 South Asians and 

84 Europeans. 
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5.2.7 Data analysis 

 

The sample size for the CURVES study was determined as calculated in section 

2.3.1.  

 

Summary statistics are presented for all variables for both South Asians and 

Europeans. The dataset for this chapter include the full cohort (100 South Asians 

and 100 Europeans) recruited into the CURVES study. Continuous variables were 

compared between the ethnic groups by t-tests (or Wilcoxon rank sum test for 

non-normally distributed variables) and Chi Square test for categorical variables. 

 

Factor analysis was used to reduce the number of anthropometric variables into 

underlying latent factors as described in section 3.2.6.  Linear regression was 

used to model cIMT and logistic regression for modelling the predictors of plaque 

presence. Missing values were removed from the relevant analyses. The 

difference in the predicted probability of plaques between South Asians and 

Europeans was calculated across the age range with a 95% CI derived by 

bootstrapping. The odds of a South Asian having carotid plaque compared to 

Europeans are presented, with 95% CI and p-value, when ethnicity was the only 

predictor in the model and when adjusted for participant age together with 

select demographic, lifestyle and CHD risk factor variables. Logistic regression 

modelling and ORs are presented for adjusted and unadjusted models. A 

composite group of predictors was selected using backwards elimination on each 

subgroup, to select variables significant at the 10% level for the final model.  

 

Statistical analyses were undertaken by DP and AM in consultation with the 

author and his supervisors. The statistical software package R for Windows v2.14 

was used for all analysis. Statistical significance was accepted at p < 0.05. 

 

 

 

 

 

 

 



 

123 

 

5.3 Results 

 

5.3.1 Demographic, metabolic and dietary variables 

 

Baseline data for all 200 volunteers are presented in Table 5.1. There were no 

differences between groups in age or BMI, but South Asians were shorter than 

the Europeans.  South Asians also had completed more years in education, were 

less likely to smoke or consume alcohol, and were more likely to have a parent 

or sibling with T2DM.  There were no differences in SES.  South Asians had 

significantly higher glucose, HbA1c, insulin, HOMAIR, CRP and diastolic blood 

pressure, and lower HDL-cholesterol, than the Europeans.  Mean ± SD reported 

energy intake (expressed per kg body mass) did not differ between the 

Europeans and SA (19.8±6.0 vs 18.7±6.4 kcal.kg-1.day-1, p=0.21).  There were 

also no differences in reported protein, carbohydrate or fat intakes between the 

two groups (data not shown), but reported alcohol intake was higher in the 

Europeans than SA (21.9±18.3 vs 1.1±5.6 g.day-1, p<0.0001). 
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Table 5.1 Demographic and metabolic variables for all South Asian and 

European men. 

  
South Asian 

(N=100) 
European 
(N=100) 

p-value 

Demographic and lifestyle variables 
    

Age (years) 
 

49.4 (7.2) 49.7 (6.8) 0.755 

Body mass (kg) 
 

82.0 (12.1) 85.7 (13.9) 0.049 

Height (m) 
 

1.74 (0.06) 1.78 (0.06) <0.0001 

BMI (kg.m-2) 
 

27.1 (3.9) 26.9 (4.2) 0.692 

Years in Education 
 

15.6 (3.5) 14.4 (3.2) 0.010 

SIMD Quintile 1 9 (9.0%) 7 (7.0%) 
 

 
2 10 (10.0%) 14 (14.0%) 

 

 
3 17 (17.0%) 19 (19.0%) 0.620 

 
4 26 (26.0%) 18 (18.0%) 

 

 
5 38 (38.0%) 42 (42.0%) 

 

Smoking Status never-smoker 81 (81.0%) 54 (54.0%) 
 

 
ex-smoker 6 (6.0%) 36 (36.0%) <0.0001 

 
current 13 (13.0%) 10 (10.0%) 

 

Alcohol Consumptionb none 93 (93.0%) 10 (10.1%) 
 

(units per week) ≤ 20 5 (5.0%) 70 (70.7%) <0.0001 

 
≥ 21 2 (2.0%) 19 (19.2%) 

 

Parental Diabetes Statusb yes 54 (54.0%) 13 (13.1%) <0.0001 

Sibling Diabetes Statusb yes 17 (17.0%) 2 (2.0%) 0.0004 

Metabolic variables  
   

Glucose (mmol.l-1)  5.4 (5.0, 5.8) 5.1 (4.8, 5.4) 0.0005a 

HbA1c (%)c  5.7 (5.5, 6.1) 5.4 (5.2, 5.6) <0.0001a 

HbA1c (mmol.mol-1)b  39.0 (37.0, 43.0) 36.0 (33.0, 38.0) <0.0001a 

Insulin (mcU.l-1)b  14.9 (7.4) 9.2 (5.3) <0.0001 

HOMAIR
b  3.3 (2.4, 4.6) 1.8 (1.1, 2.7) <0.0001a 

Total Cholesterol (mmol.l-1)  5.3 (0.9) 5.6 (1.0) 0.053 

HDL-Cholesterol (mmol.l-1)  1.1 (1.0, 1.3) 1.3 (1.0, 1.3) <0.0001a 

LDL-cholesterol (mmol.l-1)  3.4 (0.9) 3.6 (0.8) 0.457 

Triglycerides (mmol.l-1)  1.7 (1.1) 1.5 (0.9) 0.0423a 

AST (U.l-1)  23.8 (7.6) 25.1 (8.5) 0.242 

ALT (U.l-1)  27.0 (22.0, 36.2) 26.0 (20.0, 35.2) 0.758a 

GGT (U.l-1)  32.5 (22.0, 47.0) 28.0 (20.8, 42.8) 0.261a 

CRP (mg.l-1)c  1.8 (1.1, 3.8) 1.2 (0.6, 2.5) 0.0028a 

Systolic blood pressure (mm Hg)  126.8 (15.0) 127.6 (12.8) 0.686 

Diastolic blood pressure (mm Hg)  78.2 (8.9) 74.9 (7.2) 0.004 

Values are mean (SD) for normally distributed variables with p values calculated by t-tests and 
median (IQR) for non-normally distributed variables with -values calculated by Wilcoxon testa. 
Categorical variable p values are calculated by Fisher's Exact test. bn = 99 for South Asians and 
Europeans respectively. 
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5.3.2 Body composition, fitness and physical activity variables 

 

Body composition, fitness and physical activity variables for all 200 volunteers 

are presented in Table 5.2. There were no differences in waist or hip 

circumferences between the South Asian and European groups, but WHR was 

higher in the South Asians.  South Asians also had a smaller mid-thigh 

circumference, and higher values for all skinfold thicknesses than the Europeans.  

Lean mass was lower and fat mass and percentage body fat were higher in the 

South Asians.  Total adiposity and central adiposity factors were higher and body 

size units lower in South Asians than Europeans.  Cardiorespiratory fitness (as 

assessed by VO2max) was lower in South Asians than Europeans.  

 

South Asians also engaged in less moderate and vigorous physical activity than 

Europeans: the proportion of time spent in moderate-to-vigorous physical 

activity was ~29% lower in South Asians than Europeans.  This equated to South 

Asians engaging in ~22 minutes of MVPA per day compared to ~31 minutes per 

day for the Europeans.    
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Table 5.2 Body composition, fitness, and physical activity variables for all 

South Asian and European men.  

 
South Asian 

(N=100) 
European 
(N=100) 

p-value 

Body composition variables 
   

(a) Body circumferences 
   

Waist (cm) 97.8 (10.9) 95.7 (11.2) 0.183 

Hips (cm) 99.4 (6.6) 100.5 (7.1) 0.240 

Waist-to-hip ratio 0.98 (0.07) 0.95 (0.07) 0.0009 

Mid-upper arm (cm) 34.3 (7.7) 33.4 (3.3) 0.289 

Mid-thigh (cm) 52.4 (4.2) 53.9 (4.0) 0.011 

Mid-calf (cm) 37.6 (3.3) 38.6 (4.0) 0.063 

(b) Skinfold thicknesses 
   

Biceps (mm)i 8.0 (3.7) 6.8 (2.9) 0.0120 

Triceps (mm) 16.0 (5.7) 12.6 (4.2) <0.0001 

Subscapular (mm)g,i 25.5 (7.0) 18.3 (7.1) <0.0001 

Suprailiac (mm)f,l 23.2 (6.1) 18.3 (6.3) <0.0001 

Supraspinale (mm) 17.8 (6.4) 12.6 (5.4) <0.0001 

Thigh (mm)i 18.6 (7.8) 14.7 (5.7) 0.0001 

Calf (mm)e 12.6 (5.2) 10.4 (4.2) 0.0011 

(c) Fat and lean massi    

Lean mass (kg) 57.1 (6.2) 63.1 (7.2) <0.0001 

Fat mass (kg) 24.5 (9.0) 21.8 (9.7) 0.044 

Percentage body fat 29.3 (7.4) 24.9 (7.4) <0.0001 

(d)   Summary anthropometric factors    

Sum of arm (mm)b 23.9 (8.8) 19.2 (6.5) <0.0001 

Sum of central area (mm)c 65.0 (16.9) 48.8 (16.6) <0.0001 

Sum of leg (mm)d 31.2 (11.8) 25.0 (8.9) <0.0001 

Fitness variables    

VO2 max (l.min-1)i 2.52 (0.43) 3.33 (0.63) <0.0001 

VO2 max (ml.kg-1.min-1)i 31.2 (5.8) 39.4 (7.8) <0.0001 

VO2 max  (ml.kg lean mass-1.min-1)j 44.2 (6.3) 52.8 (8.0) <0.0001 

Physical activity variablesh,l    

Sedentary (% of wear time) 66.3 (10.0) 64.3 (9.0) 0.185 

Light physical activity (% of wear time) 30.6 (9.6) 30.8 (8.0) 0.901 

Moderate-to-vigorous physical activity (% of wear 
time) 

2.8 (1.6, 4.2) 4.1 (3.0, 6.8) <0.0001a 

Total accelerometer wear time (min.day-1) 813.4 (90.6) 864.0 (74.4) 0.0001 

Values are mean (SD) for normally distributed variables with p-values calculated by t-tests and 
median (IQR) for non-normally distributed variables with p-values calculated by Wilcoxon testa. 
Categorical variable p-values are calculated by Fisher's Exact test. bDerived from biceps, triceps, 
subscapular, supraspinale, suprailiac, thigh, and calf skinfolds, and fat mass; cderived from 
height, lean mass, and hip, mid-thigh and mid-calf circumferences; dderived from waist 
circumference and waist-to-hip ratio. en = 99, fn = 97, gn = 94, hn = 85  for South Asians; in = 99, 
jn = 98, kn = 97 and ln = 84 for Europeans; 
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5.3.3 Carotid ultrasound analysis 

 

Differences in ultrasound markers of atherosclerosis for are presented in Table 

5.3.  There were no significant differences in unadjusted or age-adjusted 

differences in mean cIMT between South Asians and Europeans.  Numerically 

there was increased odds ratio for the presence of plaque disease in South Asians 

compared to Europeans, however this was not statistically significant (OR 1.57, 

95% CI 0.89-2.77, p=0.13). 

 

 

Table 5.3 Differences in cIMT and plaque scores between South Asian and 

European men. 

 

 
South Asian 

N=100 
European 

N=100 

South Asian - 
European  

(adjusted for age) 
p-value 

cIMT analysis 
Mean (SD) of cIMT 

0.64 (0.16) 0.65 (0.12) -0.01 (-0.05, 0.03)* 0.638 

Plaque Analysis 
Median (IQR) of plaque score 

 
0.00 (0.00, 1.00) 

 
0.00 (0.00, 1.00)  

0.194**a 

0 plaques 
1 to 2 plaques 
>2 plaques 

52 (52.0%) 
38 (38.0%) 
10 (10.0%) 

63 (63.0%) 
29 (29.0%) 
8 ( 8.0%) 

 
0.161**b 

 

*95% CI; **not adjusted for age; aWilcoxon test, bChi-squared test for trend 

 

 

Figure 5.1 shows the differences in cIMT for each ethnic group, separately split 

by three consecutive age decades. The expected trend of increasing mean cIMT 

with age was present for each ethnic group; however, there were no differences 

in mean cIMT between the ethnic groups in any age group. In regression analysis 

cIMT increased by 0.08 mm (95% CI: 0.06, 0.11; p<0.001) for a ten year 

increment in age, with a similar increase observed for each ethnic group (p-

value for ethnicity by age interaction = 0.177). Figure 5.2 shows the carotid 

plaque distribution by age. There was a significant linear age-association for 

plaque presence in Europeans only (p=0.006). 
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As expected, with both ethnic groups combined, cIMT was strongly correlated 

with plaque presence (odds ratio (OR) 1.35 per 0.1mm increase, 95% CI, 1.01-

1.67, p=0.005), and this association remained after adjustment for age (OR 1.27 

per 0.1mm increase, 95% CI, 1.01-1.60, p=0.042); and there was no significant 

ethnicity interaction (p=0.755). Both systolic and diastolic blood pressure were 

significantly associated (per 10mm Hg increase) with cIMT even after adjustment 

for age and BMI and antihypertensive treatment for the cohort as a whole 

(systolic blood pressure 0.03 mm increase in cIMT, 95% CI, 0.02-0.05,  p<0.001; 

diastolic blood pressure 0.05 increase in cIMT 95% CI, 0.03,-0.08 p<0.001) and 

there was no significant ethnicity interaction (systolic blood pressure p=0.642, 

diastolic blood pressure p=0.087). 

 

 

Figure 5.1 Carotid intima-media thickness by age tertile and ethnicity 
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Figure 5.2 Presence of carotid plaque by ethnicity and age*  

*Percentage of participants within each category  

 

 

5.3.4 Univariate and multivariate analyses for plaque presence 

 

Table 5.4 presents univariate and multivariable regression analyses showing the 

effects of groups of variables on the odds of plaque presence between South 

Asians compared to Europeans. All models are adjusted for age (quadratic, at 

age 50), ethnicity and their interaction. Plaque presence rather than plaque 

score was used as the dependent variable in these analyses because plaque score 

did not fit conventional distributions that might be used for regression analyses 

and it was decided that the binary approach to transformation would encompass 

most of the information in the data. The unadjusted odds for plaque presence 

was 57% (95% CI: -11% to 177%) higher in South Asians compared to Europeans. 

Further adjustment for age and ethnicity and their interaction increased the OR 

to 1.88 (95% CI: -17% to 327%), but this was not significant (p=0.130). Addition of 

traditional CVD risk factors to the age- and ethnicity-adjusted model did not 
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attenuate the OR, and this remained the case even after further adjustment for 

fasting glucose and/or insulin resistance. The final model (which consisted of 

significant predictors selected from variable subgroups by backward selection) 

included ethnicity and age (quadratic) interaction and HDL cholesterol and 

attenuated the OR to 1.30 (95% CI: -33% to 327%) but this was not significant 

(p=0.097) 

 

 
Table 5.4 Adjusted ORs for plaque presence between South Asians and 

Europeans 

 

 
Odds Ratio(95% CI) p-value 

Unadjusted 1.57 (0.89, 2.77) 0.116 

Age+ (quadratic) at 50 years 1.88 (0.83, 4.27) 0.130 

BMI 1.89 (0.83, 4.30) 0.129 

Skinfold Measuresa  1.88 (0.81, 4.36) 0.138 

Body sizeb  1.96 (0.83, 4.60) 0.120 

Central fatsc  1.83 (0.80, 4.19) 0.150 

Combined adiposity measuresd  2.09 (0.82, 5.37) 0.122 

Smoking 1.95 (0.83, 4.58) 0.125 

Smoking + Systolic blood pressure + cholesterol / HDL ratio 1.77 (0.74, 4.24) 0.200 

Classic risk factorse  1.90 (0.76, 4.73) 0.167 

Insulin resistance  1.67 (0.70, 3.96) 0.246 

Classic risk factors + insulin resistance  1.77 (0.69, 4.54) 0.232 

Classic risk factors + fasting glucose  1.83 (0.71, 4.71) 0.208 

Classic risk factors + insulin resistance + glucose  1.76 (0.68, 4.56) 0.243 

Metabolic risk factorsf 1.60 (0.67, 3.80) 0.288 

Novel risk factorsg  1.89 (0.82, 4.35) 0.131 

Moderate to vigorous physical activity  1.89 (0.75, 4.76) 0.176 

VO2max*  1.83 (0.74, 4.56) 0.190 

Final Modelh**  1.30 (0.67, 2.53) 0.097 

 
Table shows the relative effect of ethnicity, adjusted for age (quadratic) and their interaction, on the odds 
of plaques and further adjusted by the stated variables. 
aSkinfold measures: Suprailiac, supraspinale, triceps, subscapular, thigh, calf, biceps and fat mass. 
bBody Size: Lean mass, height, mid-thigh, mid-calf and hip circumference. 
cCentral Fats: Waist circumference and waist-to-hip ratio. 
dCombined effect of a, b and c 
eTraditional risk factors: Total cholesterol, HDL cholesterol, smoking status, systolic blood pressure and 
diastolic blood pressure 
fMetabolic risk factors: HDL cholesterol, triglycerides and insulin 
gNovel risk factors: CRP, AST, ALT and GGT 
hFinal model: Ethnicity and age (quadratic) interaction and HDL. 
+: at age 50 years 
* ml.kg-1.min-1 
** Significant predictors selected from variable subgroups by backward selection.  
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5.4 Discussion 

 

The main finding from this chapter confirmed that there was no difference in 

cIMT despite their being the expected differences in the usual cardiometabolic 

risk factors observed in middle-aged South Asian compared to European men 

living in the UK. The other finding from this study was that there was no 

significant difference in carotid plaque presence, though pre-defined subgroup 

analysis suggests South Asians may have more plaques at younger ages with 

apparently no obvious increase in prevalence in older South Asians. That noted, 

it could be that the results were inadvertently biased against seeing higher 

plaque load in older South Asians given that none of the participants could have 

demonstrable CVD; more South Asian men are known to have premature CVD (9), 

and thus proportionally more older South Asians would have been ineligible for 

the study.  Clearly, these latter observations are speculative and hypothesis 

generating and larger studies are needed to examine this issue. 

 

The finding that cIMT is not increased in South Asians is consistent with the one 

previous published study comparing South Asian men with those of European 

ancestry (173).  However unlike data presented in this analysis, the earlier data 

combines healthy subjects with those who have CVD. Furthermore novel 

published data on cIMT measurements in children living in the UK showed that 

cIMT levels in South Asian children were similar to those of European children 

(258). These data in combination with this present analysis indicate that cIMT 

between South Asians and Europeans remains similar throughout life and hence 

may suggest that absolute cIMT values are not a sensitive marker for CVD risk in 

South Asians. Of interest, South Asians have narrower carotid artery diameter 

compared to Europeans, thus relative to vessel diameter, South Asians have a 

greater cIMT compared to Europeans (259) but the relevance of this finding is 

uncertain.  

 

One possible explanation for the lack of difference in cIMT is that whilst 

atherosclerosis is chiefly an intimal process, It has been highlighted that IMT is 

approximately 80% media, and only 20% intima, therefore any measurements 

made, and any changes in cIMT are likely to be a reflection of changes in the 

media (177) thus a key determinant of cIMT is the effect of blood pressure which 
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is known to cause medial wall hypertrophy (178). Data from this present analysis 

show that South Asians have similar systolic blood pressure compared to 

Europeans and whilst South Asians have higher diastolic blood pressure, the 

mean values fall well within the normal range for healthy adults. Further, a 

systematic review of blood pressure in South Asians showed no significant 

difference in blood pressure between South Asians and Europeans (197). 

 

The aim of this study was to investigate plaque presence/quantity and not 

carotid plaque morphology. Atherosclerotic plaque morphology/size  has been 

indicated to be different between South Asians and Europeans, with South Asians 

having more aggressive morphology in coronary arteries for example (260;261). 

Thus the negative finding in this analysis should not be interpreted to indicate 

that South Asians are not more susceptible to atherosclerotic plaque or 

subsequent pathological manifestations from them.  

 

This analysis has a number of specific strengths.  To the author’s knowledge, it is 

the first study measuring and comparing carotid plaque and cIMT between South 

Asian with European adults in the UK. The groups were well-matched for age, 

BMI and SES, and although the South Asians spent more years in education, 

smoked less and drank less alcohol than the Europeans, these factors were found 

not to significantly confound the key study outcomes.  Furthermore, compared 

to the previous published data from Canada (which had a study population 

spanning a similar age-range), participants in this analysis were better matched 

for age and present clearer comparative data on individuals without CVD (173) 

 

However, this study does have limitations. A degree of caution is warranted in 

extrapolating the findings to the general UK South Asian population. By nature of 

the recruitment methods, the study cohorts represented a self-selected groups 

owing to the exclusion criteria as mentioned earlier. This healthier South Asian 

cohort, may have resulted in an underpowering of the study if CVD risk was 

lower than in the average South Asian cohort.  However, as the findings with 

respect to ethnic cIMT differences, fitness, physical activity, adiposity and 

metabolic variables in South Asians are fully consistent with the body of 

previously published data in this area, this suggests substantial bias is unlikely.  

That said, if the same exclusion criteria were to be applied, based on the data in 
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this study population in which South Asians had an unadjusted OR of 1.57 for 

plaque presence compared to Europeans, a sample size of 317 per group would 

be required to show a difference at 80% power at the 5% significance or 423 per 

group at 90% power. A more pragmatic approach if the study were to be 

repeated, would be to relax the inclusion criteria to include participants with 

known diabetes in subjects over the age of 50 given the premature onset and 

increased prevalence of diabetes of South Asians (25;28). An alternative to this  

could recruitment of the original sample size, but limit the age range from age 

40-50 years, given the suggestive findings of increased plaque in this age group, 

the relative increased premature CVD burden in South Asian males and the 

clinical importance of identifying such individuals at increased. Further, the 

major weakness of cIMT measurement and 2 dimensional plaque scoring is that 

change over time is limited because plaque propagates longitudinally along the 

artery wall ~2.4 times quicker than it extends into the arterial lumen (262) and 

data suggest that South Asians may have longer atherosclerotic lesions 

(260;261). Validated three-dimensional (3D) ultrasound techniques exist and are 

demonstrated to possibly be more informative than existing 2D cIMT and plaque 

measures (189), which can detect earlier responses to intervention e.g. statin 

therapy over a six-month period(190) exist. However published long-term 

longitudinal data or indeed CVD outcome data based on 3D imaging of carotid 

arteries is lacking.  Finally, the cross-sectional nature of the study, with 

simultaneous assessment of exposure and outcome variables, means that 

conclusions on causality cannot be definitively made or refuted. 

 

In conclusion, this present study strongly reaffirms that cIMT is similar between 

South Asian and European men despite greater risk factors in the former group.  

They also suggest no overall difference in plaques in South Asians although there 

is a strong suggestion for greater plaques at younger ages, an observation which 

requires further investigation and extension to women.  Of course, ideally, 

prospective studies linking plaques to outcomes in South Asians (particularly in 

younger South Asians) are need to investigate whether these measures help 

improve CVD risk prediction.  
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Chapter 6  

General Discussion  

 

6.1 Experimental chapter summaries  

 

The broad aim of this thesis was to further the understanding of the high risk 

cardiometabolic phenotype associated with South Asian men living in the UK. By 

undertaking this cross-sectional phenotyping study between middle-aged South 

Asian and European men, three interlinked aims were addressed n Chapters 3, 4 

and 5 respectively. 

 

The aims of Chapter 3 were to present comparative data on cardiorespiratory 

fitness, objectively-measured physical activity and other metabolic phenotypical 

data between South Asian and European men and to determine the extent of 

which differences in insulin resistance (as assessed by HOMAIR) and glycaemia 

between these ethnic groups can be explained by such factors. South Asians 

were 67% more insulin resistant than Europeans.  Lower VO2max, lower physical 

activity and greater total adiposity in South Asian individually explained 68%, 

28% and 52%, respectively, and together explained 83% (all p<0.001), of the 

ethnic difference in HOMAIR. Thus lower cardiorespiratory fitness is the single 

most important factor explaining increased insulin resistance in middle-aged 

South Asian, compared to European, men living in the UK. Although they were 

less physically active than their European counterparts, South Asians’ lower 

fitness levels could not be explained by their lower physical activity levels, 

suggesting that low fitness is an innate feature of the South Asian phenotype. 

 

The aims of chapter 4 were to determine whether South Asian men had 

increased liver fat compared to white European men and the extent to which 

such differences can explain the increased insulin resistance observed in South 

Asian men. Unadjusted liver fat content did not differ significantly between both 

groups, but following adjustment for alcohol consumption was significantly lower 

in South Asians than Europeans. Adjustment for alcohol-adjusted liver fat did not 

attenuate the difference in HOMAIR between ethnic groups. Thus whilst clear 

associations between liver fat and insulin resistance were observed in South 
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Asians and Europeans, these results challenge the notion that excess liver fat per 

se explains the greater insulin resistance observed in South Asians. 

 

 

The aims of chapter 5 were to present comparative data on cIMT and carotid 

plaque presence between South Asians and Europeans and to determine whether 

any age-related changes in differences in carotid plaque disease precede any 

age-related changes in differences in cIMT between ethnic groups and finally to 

determine what risk factors (if any) would account for any such observed 

differences in cIMT and/or carotid plaque presence. The analysis showed that  

mean cIMT was similar between South Asians and European men and there was a 

tendency for increased odds for the presence of plaque disease in South Asians 

compared to Europeans, particularly in younger South Asians. 

 

6.2 Strengths of data 

 

The published data from this thesis represent the largest cohort of South Asians 

living in Scotland with this degree of cardiometabolic phenotyping for which 

there is a well-matched European comparator group.  This study demonstrates 

the feasibility and potential success from recruiting from this sizeable minority 

ethnic population living in Scotland and moreover that good quality matching 

with European controls is also achievable. Further, as mentioned in Chapter 1, 

the published data represent the largest published study on measurements of 

fitness as well as the first published data on objectively measured physical 

activity in South Asian adult males. These large and novel data coupled with the 

storage of blood samples (for which ethical approval has been granted) allows 

for potential further metabolic and genetic analysis and phenotyping (as 

described later). 

 

The results on liver fat comparisons between these two ethnic groups are 

important in contextualising the role of liver fat as a pathophysiological 

influence on the increased metabolic risk seen in South Asians. The findings in 

this thesis highlight that previous conclusions and hypotheses require further 

examination and thus should be interpreted more cautiously. 
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Finally the non-dissimilarity in markers of carotid artery atherosclerosis is an 

important negative finding as it indicates that such methods cannot be used with 

any degree of confidence in stratifying cardiac risk in South Asians. These finding 

highlight the need for further research in alternative screening methods for CVD 

which are more sensitive in identifying subclinical CVD. 

 

 

6.3 Public health and clinical implications from current findings 

 

The demonstration that reduced cardiorespiratory fitness in South Asians 

compared to their European peers which simply cannot be explained by their 

reduced physical activity levels has important public health implications. As 

mentioned in section 3.4, the current physical activity guidelines are not ethnic-

specific and thus may be inadequate to reduce risk of cardiometabolic disease in 

South Asians. Consequently increased prescribed physical activity levels may be 

necessary in South Asians to derive equivalent cardiometabolic benefit. 

 

The results described in chapter 3 emphasise the importance to engaging with 

South Asians with lifestyle interventions even in preclinical cardiometabolic 

disease even from childhood as their inherent risk is excessive. Published data 

comparing South Asian and European Children living in the London area 

demonstrate that South Asian children have a higher-risk cardiometabolic 

phenotype (including behavioural patterns) (263-265). Thus if such behaviour is 

left unchanged, this may yet exacerbate cardiometabolic risk longer-term. 

Indeed very recent qualitative data from Scotland itself indicate that in order to 

get South Asian adults to undertake physical activity, then external motivators 

for doing so are important (266). These include undertaking physical activity as a 

means to an end, which included the opportunities that physical activity 

provided for social activity and enjoyment. The goals of weight reduction and 

improving mental and physical health and were also mentioned. Hence such 

motivational reasons need to be conveyed from a young age to maximise 

sustained positive lifestyle change. 

 

The final reason as to why it is important to engage with South Asians with 

preclinical metabolic derangement are because when South Asians do develop 
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T2DM, they appear to experience suboptimal processes of care and this may 

explain the persisting differences in glycaemic control intermediate outcomes 

(20;28;267-269). Further, South Asians appear to be more sensitive to the macro 

and microvascular complications of T2DM (14;270), hence metabolic disease 

prevention is vital.  

 

 

6.4 Implications for future research 

 

Whilst the results presented in this thesis have a number of strengths as 

previously mentioned, the cross-sectional nature of this study means that 

conclusions cannot be drawn about causality. Thus to strengthen the conclusions 

made in Chapter 3, it would be beneficial to perform intervention trials using 

structured exercise programmes or measures to improve fitness and measure 

change in metabolic risk factors – for example prospective data in healthy and 

high risk European population groups for T2DM has shown that an improvement 

in cardiorespiratory fitness is associated with improvement in insulin resistance 

(80;271).  Such trials are potentially achievable in South Asians living in Scotland 

as reflected by the recent conclusion of the Prevention of Type 2 Diabetes and 

Obesity in South Asians (PODOSA) trial (http://www.podosa.org/), which is a 

cluster randomized controlled trial investigating whether family-based lifestyle 

intervention (dietary modification and increased physical activity) can induce 

long-term weight loss and prevent diabetes in individuals with impaired glucose 

tolerance and/or impaired fasting glycaemia of Indian and Pakistani origin (121). 

The study screened over 1300 individuals, recruiting over 170 subjects and is the 

first interventional trial undertaken in South Asians in Scotland. Further, the 

limitations highlighted in Chapter 5 including suggestions for future study design 

if the study were to be repeated are potentially worth pursuing. 

 

Another area of future research is to replicate some of the outcomes from this 

present study in South Asian women. South Asian women living in the UK, just 

like their male counterparts are at increased risk of cardiometabolic disease 

Table 6.1 (11). However it is recognised and discussed in published literature 

they are less-well studied (including those born in the UK) compared to their 

male counterparts (211;212). Further subtle cardiometabolic differences exist 
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between South Asian women and European women compared to South Asian men 

and European men such as the role of adiposity on interleukin-6 and differences 

in liver fat content (68;272). Presently a local study is on-going to investigate 

the association between adiposity, nutritional habits and physical activity with 

metabolic risk in South Asian women compared to European women. The 

investigator has contributed to its design as well as facilitating current 

recruitment of South Asian women into the study. 

 

 

Table 6.1 Deaths from IHD in the UK for women 2001-2003  

 

Country Number of IHD 

Deaths 

SMR (95% CI) 

England and Wales 125 289 97  (96-97) 

Scotland 2767 108 (105-112) 

India 1672 149 (142-157) 

Pakistan 454 174 (159-192) 

Bangladesh 97 167 (136-204) 

 

 

Of key importance is to pursue the investigation of ethnic-specific physical 

activity guidelines for those ethnic groups such as South Asians who are at 

increased risk of cardiometabolic disease. Given the recent published qualitative 

data from fieldwork in Scotland, engaging in physical activity for its own sake is 

of limited importance in South Asians (266). Thus if an evidence-base is created 

to demonstrate the value of increased physical activity in relation to reducing 

cardiometabolic disease risk, then this may act as an important goal which will 

change attitude and behaviour in South Asians – as tangible goals are important 

positive factors for this high risk ethnic group (266). 

 

In an attempt to address this area, the author with his supervisors and 

colleagues have utilised this existing thesis data to determine the level of 

moderate physical activity required in South Asians to confer a similar 

cardiometabolic risk profile to that observed in Europeans undertaking the 
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current UK weekly recommended moderate physical activity level of 150 minutes 

a week (95). The results from this analysis indicate that the equivalent moderate 

physical activity value for the overall cardiometabolic risk factor was 266 (95% CI 

185-347) min/week (273). Thus South Asian men need to engage in at least two-

thirds more the amount of physical activity that is presently recommended in 

the UK for adults (95). 

 

Whilst this present study’s findings suggest that liver fat is not increased in 

South Asians compared to Europeans, all studies to date have had relatively 

small sample sizes. The cost of MR scanning make larger scale studies financially 

more challenging, but at least one such study in well-matched, well phenotyped 

South Asians would be beneficial in addressing this growing area of interest. 

Indeed coupling such imaging with an intervention-based study as described 

above would be an efficient method of further investigation. Further, novel data 

suggests that pancreatic fat rather than liver fat is more influential in the 

dysglycaemic process (255), and is a potential area for future research. Our 

team attempted to image the pancreas using MRI/MRS on the study subjects, but 

given the current resources, were not convinced that image quality would 

permit for accurate analysis. 
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6.5 Final conclusions  

 

In conclusion, this thesis describes studies which have attempted to increase 

understanding of the cardiometabolic phenotype of South Asians. Novel findings 

from the studies suggest that increased insulin resistance in South Asians, which 

has a significant pathophysiological association with T2DM risk, is most strongly 

adversely influenced by their reduced cardiorespiratory fitness compared to 

their white European counterparts, with differences in physical activity not 

explaining the differences in cardiorespiratory fitness observed between the two 

groups. Similarly, data from this thesis data suggest that South Asians are likely 

to need to engage in higher levels of physical activity than Europeans to 

overcome their lower innate fitness and the associated metabolic consequences.  

This raises the possibility that ethnic-specific recommendations for physical 

activity levels to promote healthy living and reduce cardiometabolic disease are 

needed. Further, the strong association of increased liver fat on increased 

insulin resistance and subsequent onset of T2DM has been questioned by this 

thesis. Finally this thesis suggests that existing carotid ultrasound screening 

modalities for subclinical CVD may lack sensitivity in South Asians. This highlights 

the need for further study in existing (e.g. focussing on younger South Asians, 

aged 40-50) and novel screening methods for CVD which may be  more sensitive 

and thus could be utilised in this high risk ethnic group for CVD.  

 

 



 

141 

References  
 

 (1)  Coronary Heart Disease Statistics 2012. British Heart Foundation 2012 
November 12 [cited 2013 Aug 20];Available from: URL: 
http://www.bhf.org.uk/publications/view-publication.aspx?ps=1002097 

 (2)  Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. 
Global and regional mortality from 235 causes of death for 20 age groups 
in 1990 and 2010: a systematic analysis for the Global Burden of Disease 
Study 2010. Lancet 2013 Dec 15;380(9859):2095-128. 

 (3)  Seshasai SR, Kaptoge S, Thompson A, Di AE, Gao P, Sarwar N, et al. 
Diabetes mellitus, fasting glucose, and risk of cause-specific death. N Engl 
J Med 2011 Mar 3;364(9):829-41. 

 (4)  DAWBER TR, MEADORS GF, MOORE FE, Jr. Epidemiological approaches to 
heart disease: the Framingham Study. Am J Public Health Nations Health 

1951 Mar;41(3):279-81. 

 (5)  JBS 2: Joint British Societies' guidelines on prevention of cardiovascular 
disease in clinical practice. Heart 2005 Dec;91 Suppl 5:v1-52. 

 (6)  Third Report of the National Cholesterol Education Program (NCEP) Expert 
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol 
in Adults (Adult Treatment Panel III): National Institutes of Health. 
National Heart, Lung, and Blood Institute 2004 [cited 2013 Aug 
20];Available from: URL: 
http://www.nhlbi.nih.gov/guidelines/cholesterol/ 

 (7)  DANARAJ TJ, Ackers MS, DANARAJ W, WONG HO, TAN BY. Ethnic group 
differences in coronary heart disease in Singapore: an analysis of necropsy 
records. Am Heart J 1959 Oct;58:516-26. 

 (8)  Hall LML, Sattar N, Gill JMR. Risk of metabolic and vascular disease in 
South Asians: potential mechanisms for increased insulin resistance. 
Future Lipidology 2008;3(4):411-24. 

 (9)  Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect of 
potentially modifiable risk factors associated with myocardial infarction in 
52 countries (the INTERHEART study): case-control study. Lancet 2004 Sep 

11;364(9438):937-52. 

 (10)  Wild S, McKeigue P. Cross sectional analysis of mortality by country of 
birth in England and Wales, 1970-92. BMJ 1997 Mar 8;314(7082):705-10. 

 (11)  Wild SH, Fischbacher C, Brock A, Griffiths C, Bhopal R. Mortality from all 
causes and circulatory disease by country of birth in England and Wales 
2001-2003. J Public Health (Oxf) 2007 Jun;29(2):191-8. 

 (12)  McKeigue PM, Ferrie JE, Pierpoint T, Marmot MG. Association of early-
onset coronary heart disease in South Asian men with glucose intolerance 
and hyperinsulinemia. Circulation 1993 Jan;87(1):152-61. 

http://www.bhf.org.uk/publications/view-publication.aspx?ps=1002097
http://www.nhlbi.nih.gov/guidelines/cholesterol/


 

142 

 (13)  Balarajan R, Bulusu L, Adelstein AM, Shukla V. Patterns of mortality 
among migrants to England and Wales from the Indian subcontinent. Br 
Med J (Clin Res Ed) 1984 Nov 3;289(6453):1185-7. 

 (14)  Forouhi NG, Sattar N, Tillin T, McKeigue PM, Chaturvedi N. Do known risk 
factors explain the higher coronary heart disease mortality in South Asian 
compared with European men? Prospective follow-up of the Southall and 
Brent studies, UK. Diabetologia 2006 Nov;49(11):2580-8. 

 (15)  Miller GJ, Kotecha S, Wilkinson WH, Wilkes H, Stirling Y, Sanders TA, et 
al. Dietary and other characteristics relevant for coronary heart disease in 
men of Indian, West Indian and European descent in London. 
Atherosclerosis 1988 Mar;70(1-2):63-72. 

 (16)  Miller GJ, Beckles GL, Maude GH, Carson DC, Alexis SD, Price SG, et al. 
Ethnicity and other characteristics predictive of coronary heart disease in 
a developing community: principal results of the St James Survey, 

Trinidad. Int J Epidemiol 1989 Dec;18(4):808-17. 

 (17)  McKeigue PM, Miller GJ, Marmot MG. Coronary heart disease in south 
Asians overseas: a review. J Clin Epidemiol 1989;42(7):597-609. 

 (18)  Health Survey for England 2004: The health of minority ethnic groups. 
Department of Health 2006 [cited 2013 Aug 20];Available from: URL: 
http://www.hscic.gov.uk/pubs/hse04ethnic 

 (19)  Agyemang C, Bhopal RS. Is the blood pressure of South Asian adults in the 
UK higher or lower than that in European white adults? A review of cross-
sectional data. J Hum Hypertens 2002 Nov;16(11):739-51. 

 (20)  Fischbacher CM, Bhopal R, Steiner M, Morris AD, Chalmers J. Is there 
equity of service delivery and intermediate outcomes in South Asians with 
type 2 diabetes? Analysis of DARTS database and summary of UK 
publications. J Public Health (Oxf) 2009 Jun;31(2):239-49. 

 (21)  Kulkarni KR, Markovitz JH, Nanda NC, Segrest JP. Increased prevalence of 
smaller and denser LDL particles in Asian Indians. Arterioscler Thromb 
Vasc Biol 1999 Nov;19(11):2749-55. 

 (22)  Bhalodkar NC, Blum S, Rana T, Bhalodkar A, Kitchappa R, Kim KS, et al. 
Comparison of levels of large and small high-density lipoprotein 

cholesterol in Asian Indian men compared with Caucasian men in the 
Framingham Offspring Study. Am J Cardiol 2004 Dec 15;94(12):1561-3. 

 (23)  Navab M, Reddy ST, Van Lenten BJ, Fogelman AM. HDL and cardiovascular 
disease: atherogenic and atheroprotective mechanisms. Nat Rev Cardiol 
2011 Apr;8(4):222-32. 

 (24)  McKeigue PM, Shah B, Marmot MG. Relation of central obesity and insulin 
resistance with high diabetes prevalence and cardiovascular risk in South 
Asians. Lancet 1991 Feb 16;337(8738):382-6. 

http://www.hscic.gov.uk/pubs/hse04ethnic


 

143 

 (25)  Hall LML, Sattar N, Gill JMR. Risk of metabolic and vascular disease in 
South Asians: potential mechanisms for increased insulin resistance. 
Future Lipidology 2008;3(4):411-24. 

 (26)  Hanif MW, Valsamakis G, Dixon A, Boutsiadis A, Jones AF, Barnett AH, et 
al. Detection of impaired glucose tolerance and undiagnosed type 2 
diabetes in UK South Asians: an effective screening strategy. Diabetes 
Obes Metab 2008 Sep;10(9):755-62. 

 (27)  Warning about the one in 70 people who have undiagnosed Type 2 
diabetes. Diabetes UK 2012 [cited 2012 Dec 21];Available from: URL: 
http://www.diabetes.org.uk/About_us/News_Landing_Page/Warning-
about-the-one-in-70-people-who-have-undiagnosed-diabetes/ 

 (28)  Mukhopadhyay B, Forouhi NG, Fisher BM, Kesson CM, Sattar N. A 
comparison of glycaemic and metabolic control over time among South 
Asian and European patients with Type 2 diabetes: results from follow-up 

in a routine diabetes clinic. Diabet Med 2006 Jan;23(1):94-8. 

 (29)  Tillin T, Hughes AD, Godsland IF, Whincup P, Forouhi NG, Welsh P, et al. 
Insulin Resistance and Truncal Obesity as Important Determinants of the 
Greater Incidence of Diabetes in Indian Asians and African Caribbeans 
Compared With Europeans: The Southall and Brent Revisited (SABRE) 
cohort. Diabetes Care 2012 Sep 10. 

 (30)  Aarabi M, Jackson PR. Predicting coronary risk in UK South Asians: an 
adjustment method for Framingham-based tools. Eur J Cardiovasc Prev 
Rehabil 2005 Feb;12(1):46-51. 

 (31)  Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas R, Sheikh 
A, et al. Predicting cardiovascular risk in England and Wales: prospective 
derivation and validation of QRISK2. BMJ 2008 Jun 28;336(7659):1475-82. 

 (32)  Lebovitz HE. Insulin resistance: definition and consequences. Exp Clin 
Endocrinol Diabetes 2001;109 Suppl 2:S135-S148. 

 (33)  Martin BC, Warram JH, Krolewski AS, Bergman RN, Soeldner JS, Kahn CR. 
Role of glucose and insulin resistance in development of type 2 diabetes 
mellitus: results of a 25-year follow-up study. Lancet 1992 Oct 
17;340(8825):925-9. 

 (34)  Bagdade JD, Bierman EL, Porte D, Jr. The significance of basal insulin 
levels in the evaluation of the insulin response to glucose in diabetic and 
nondiabetic subjects. J Clin Invest 1967 Oct;46(10):1549-57. 

 (35)  Ferrannini E, Camastra S, Gastaldelli A, Maria SA, Natali A, Muscelli E, et 
al. beta-cell function in obesity: effects of weight loss. Diabetes 2004 
Dec;53 Suppl 3:S26-S33. 

 (36)  Eckel RH, Kahn SE, Ferrannini E, Goldfine AB, Nathan DM, Schwartz MW, 
et al. Obesity and type 2 diabetes: what can be unified and what needs to 
be individualized? J Clin Endocrinol Metab 2011 Jun;96(6):1654-63. 

http://www.diabetes.org.uk/About_us/News_Landing_Page/Warning-about-the-one-in-70-people-who-have-undiagnosed-diabetes/
http://www.diabetes.org.uk/About_us/News_Landing_Page/Warning-about-the-one-in-70-people-who-have-undiagnosed-diabetes/


 

144 

 (37)  Deng Y, Scherer PE. Adipokines as novel biomarkers and regulators of the 
metabolic syndrome. Ann N Y Acad Sci 2010 Nov;1212:E1-E19. 

 (38)  Larson-Meyer DE, Newcomer BR, Ravussin E, Volaufova J, Bennett B, 
Chalew S, et al. Intrahepatic and intramyocellular lipids are determinants 
of insulin resistance in prepubertal children. Diabetologia 2011 
Apr;54(4):869-75. 

 (39)  Bournat JC, Brown CW. Mitochondrial dysfunction in obesity. Curr Opin 
Endocrinol Diabetes Obes 2010 Oct;17(5):446-52. 

 (40)  Nair KS, Bigelow ML, Asmann YW, Chow LS, Coenen-Schimke JM, Klaus KA, 
et al. Asian Indians have enhanced skeletal muscle mitochondrial capacity 
to produce ATP in association with severe insulin resistance. Diabetes 
2008 May;57(5):1166-75. 

 (41)  Bonora E, Kiechl S, Willeit J, Oberhollenzer F, Egger G, Bonadonna RC, et 
al. Metabolic syndrome: epidemiology and more extensive phenotypic 

description. Cross-sectional data from the Bruneck Study. Int J Obes Relat 
Metab Disord 2003 Oct;27(10):1283-9. 

 (42)  Bonora E, Formentini G, Calcaterra F, Lombardi S, Marini F, Zenari L, et 
al. HOMA-estimated insulin resistance is an independent predictor of 
cardiovascular disease in type 2 diabetic subjects: prospective data from 
the Verona Diabetes Complications Study. Diabetes Care 2002 
Jul;25(7):1135-41. 

 (43)  Bonora E, Kiechl S, Willeit J, Oberhollenzer F, Egger G, Meigs JB, et al. 
Insulin resistance as estimated by homeostasis model assessment predicts 
incident symptomatic cardiovascular disease in caucasian subjects from 
the general population: the Bruneck study. Diabetes Care 2007 
Feb;30(2):318-24. 

 (44)  Chandalia M, Lin P, Seenivasan T, Livingston EH, Snell PG, Grundy SM, et 
al. Insulin resistance and body fat distribution in South Asian men 
compared to Caucasian men. PLoS ONE 2007;2(8):e812. 

 (45)  Davey GJG, Roberts JD, Patel S, Pierpoint T, Godsland IF, Davies B, et al. 
Effects of exercise on insulin resistance in South Asians and Europeans. 
Journal of Exercise Physiology 2000;3(2):6-11. 

 (46)  Forouhi NG, Jenkinson G, Thomas EL, Mullick S, Mierisova S, Bhonsle U, et 
al. Relation of triglyceride stores in skeletal muscle cells to central 
obesity and insulin sensitivity in European and South Asian men. 
Diabetologia 1999;42:932-5. 

 (47)  Hall LM, Moran CN, Milne GR, Wilson J, MacFarlane NG, Forouhi NG, et al. 
Fat oxidation, fitness and skeletal muscle expression of oxidative/lipid 
metabolism genes in South Asians: implications for insulin resistance? PLoS 
ONE 2010;5(12):e14197. 

 (48)  Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of 
diabetes for 2010 and 2030. Diabetes Res Clin Pract 2010 Jan;87(1):4-14. 



 

145 

 (49)  Diabetes in the UK 2012: Key statistics in Diabetes. Diabetes UK 2013 April 
1 [cited 2013 Jul 29];Available from: URL: 
http://www.diabetes.org.uk/Documents/Reports/Diabetes-in-the-UK-
2012.pdf 

 (50)  Gonzalez ELM, Johansson S, Wallander MA, Rodriguez LAG. Trends in the 
prevalence and incidence of diabetes in the UK: 1996-2005. J Epidemiol 
Community Health 2009 Apr 1;63(4):332-6. 

 (51)  Colditz GA, Willett WC, Rodnitzky A, Manson JE. Weight gain as a risk 
factor for clinical diabetes mellitus in women. Annals of Internal Medicine 
1995;122:481-6. 

 (52)  Chan JM, Rimm EB, Colditz GA, Stampfer MJ, Willett WC. Obesity, fat 
distribution, and weight gain as risk factors for clinical diabetes in men. 
Diabetes Care 1994 Sep;17(9):961-9. 

 (53)  Hu G, Lindstrom J, Valle TT, Eriksson JG, Jousilahti P, Silventoinen K, et 

al. Physical activity, body mass index, and risk of type 2 diabetes in 
patients with normal or impaired glucose regulation. Arch Intern Med 2004 
Apr 26;164(8):892-6. 

 (54)  Wannamethee SG, Shaper AG, Walker M. Overweight and obesity and 
weight change in middle aged men: impact on cardiovascular disease and 
diabetes. J Epidemiol Community Health 2005 Feb;59(2):134-9. 

 (55)  Hillier TA, Pedula KL. Characteristics of an adult population with newly 
diagnosed type 2 diabetes: the relation of obesity and age of onset. 
Diabetes Care 2001 Sep;24(9):1522-7. 

 (56)  Wilmot EG, Davies MJ, Yates T, Benhalima K, Lawrence IG, Khunti K. Type 
2 diabetes in younger adults: the emerging UK epidemic. Postgrad Med J 
2010 Dec;86(1022):711-8. 

 (57)  Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J, et 
al. Body-mass index and cause-specific mortality in 900 000 adults: 
collaborative analyses of 57 prospective studies. Lancet 2009 Mar 
28;373(9669):1083-96. 

 (58)  Benderly M, Boyko V, Goldbourt U. Relation of body mass index to 
mortality among men with coronary heart disease. Am J Cardiol 2010 Aug 

1;106(3):297-304. 

 (59)  Dudina A, Cooney MT, Bacquer DD, Backer GD, Ducimetiere P, Jousilahti 
P, et al. Relationships between body mass index, cardiovascular 
mortality, and risk factors: a report from the SCORE investigators. Eur J 
Cardiovasc Prev Rehabil 2011 Oct;18(5):731-42. 

 (60)  Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K, et 
al. General and abdominal adiposity and risk of death in Europe. N Engl J 
Med 2008 Nov 13;359(20):2105-20. 

http://www.diabetes.org.uk/Documents/Reports/Diabetes-in-the-UK-2012.pdf
http://www.diabetes.org.uk/Documents/Reports/Diabetes-in-the-UK-2012.pdf


 

146 

 (61)  Logue J, Murray HM, Welsh P, Shepherd J, Packard C, Macfarlane P, et al. 
Obesity is associated with fatal coronary heart disease independently of 
traditional risk factors and deprivation. Heart 2011 Apr;97(7):564-8. 

 (62)  Hotamisligil GS, Erbay E. Nutrient sensing and inflammation in metabolic 
diseases. Nat Rev Immunol 2008 Dec;8(12):923-34. 

 (63)  Cartier A, Lemieux I, Almeras N, Tremblay A, Bergeron J, Despres JP. 
Visceral obesity and plasma glucose-insulin homeostasis: contributions of 
interleukin-6 and tumor necrosis factor-alpha in men. J Clin Endocrinol 
Metab 2008 May;93(5):1931-8. 

 (64)  Welsh P, Polisecki E, Robertson M, Jahn S, Buckley BM, de Craen AJ, et al. 
Unraveling the directional link between adiposity and inflammation: a 
bidirectional Mendelian randomization approach. J Clin Endocrinol Metab 
2010 Jan;95(1):93-9. 

 (65)  Sattar N, Murray HM, Welsh P, Blauw GJ, Buckley BM, Cobbe S, et al. Are 

markers of inflammation more strongly associated with risk for fatal than 
for nonfatal vascular events? PLoS Med 2009 Jun 23;6(6):e1000099. 

 (66)  Razak F, Anand SS, Shannon H, Vuksan V, Davis B, Jacobs R, et al. 
Defining obesity cut points in a multiethnic population. Circulation 2007 
Apr 24;115(16):2111-8. 

 (67)  Gray LJ, Yates T, Davies MJ, Brady E, Webb DR, Sattar N, et al. Defining 
obesity cut-off points for migrant South Asians. PLoS ONE 
2011;6(10):e26464. 

 (68)  Anand SS, Tarnopolsky MA, Rashid S, Schulze KM, Desai D, Mente A, et al. 
Adipocyte hypertrophy, fatty liver and metabolic risk factors in South 
Asians: the Molecular Study of Health and Risk in Ethnic Groups (mol-
SHARE). PLoS ONE 2011;6(7):e22112. 

 (69)  Lear SA, Humphries KH, Kohli S, Birmingham CL. The use of BMI and waist 
circumference as surrogates of body fat differs by ethnicity. Obesity 
(Silver Spring) 2007 Nov;15(11):2817-24. 

 (70)  Waist circumference and waist-hip ratio: report of a WHO expert 
consultation, Geneva, 8-11 December 2008. WHO 2008 [cited 2013 Aug 
20];Available from: URL: 

http://whqlibdoc.who.int/publications/2011/9789241501491_eng.pdf 

 (71)  Yajnik CS, Yudkin JS. The Y-Y paradox. Lancet 2004 Jan 10;363(9403):163. 

 (72)  Sniderman AD, Bhopal R, Prabhakaran D, Sarrafzadegan N, Tchernof A. 
Why might South Asians be so susceptible to central obesity and its 
atherogenic consequences? The adipose tissue overflow hypothesis. Int J 
Epidemiol 2007 Feb;36(1):220-5. 

 (73)  Misra A, Chowbey P, Makkar BM, Vikram NK, Wasir JS, Chadha D, et al. 
Consensus statement for diagnosis of obesity, abdominal obesity and the 
metabolic syndrome for Asian Indians and recommendations for physical 

http://whqlibdoc.who.int/publications/2011/9789241501491_eng.pdf


 

147 

activity, medical and surgical management. J Assoc Physicians India 2009 
Feb;57:163-70. 

 (74)  Gholap N, Davies M, Patel K, Sattar N, Khunti K. Type 2 diabetes and 
cardiovascular disease in South Asians. Prim Care Diabetes 2011 
Apr;5(1):45-56. 

 (75)  Kumar S, Hanif W, Zaman MJ, Sattar N, Patel K, Khunti K. Lower 
thresholds for diagnosis and management of obesity in British South 
Asians. Int J Clin Pract 2011 Apr;65(4):378-9. 

 (76)  Cameron AJ, Sicree RA, Zimmet PZ, Alberti KG, Tonkin AM, Balkau B, et 
al. Cut-points for waist circumference in Europids and South Asians. 
Obesity (Silver Spring) 2010 Oct;18(10):2039-46. 

 (77)  Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et 
al. Harmonizing the metabolic syndrome: a joint interim statement of the 
International Diabetes Federation Task Force on Epidemiology and 

Prevention; National Heart, Lung, and Blood Institute; American Heart 
Association; World Heart Federation; International Atherosclerosis 
Society; and International Association for the Study of Obesity. Circulation 
2009 Oct 20;120(16):1640-5. 

 (78)  Maughan RJ, Gleeson M. The biochemical basis of sports performance. 
Oxford University Press, Oxford; 2004. 

 (79)  Bekedam MA, Beek-Harmsen BJ, Boonstra A, van Mechelen W, Visser FC, 
van der Laarse WJ. Maximum rate of oxygen consumption related to 
succinate dehydrogenase activity in skeletal muscle fibres of chronic 
heart failure patients and controls. Clin Physiol Funct Imaging 2003 
Nov;23(6):337-43. 

 (80)  Rheaume C, Arsenault BJ, Dumas MP, Perusse L, Tremblay A, Bouchard C, 
et al. Contributions of cardiorespiratory fitness and visceral adiposity to 
six-year changes in cardiometabolic risk markers in apparently healthy 
men and women. J Clin Endocrinol Metab 2011 May;96(5):1462-8. 

 (81)  Nyholm B, Nielsen MF, Kristensen K, Nielsen S, Ostergard T, Pedersen SB, 
et al. Evidence of increased visceral obesity and reduced physical fitness 
in healthy insulin-resistant first-degree relatives of type 2 diabetic 

patients. Eur J Endocrinol 2004 Feb;150(2):207-14. 

 (82)  Thamer C, Stumvoll M, Niess A, Tschritter O, Haap M, Becker R, et al. 
Reduced skeletal muscle oxygen uptake and reduced beta-cell function: 
two early abnormalities in normal glucose-tolerant offspring of patients 
with type 2 diabetes. Diabetes Care 2003 Jul;26(7):2126-32. 

 (83)  Wei M, Gibbons LW, Mitchell TL, Kampert JB, Lee CD, Blair SN. The 
association between cardiorespiratory fitness and impaired fasting glucose 
and type 2 diabetes mellitus in men. Ann Intern Med 1999 Jan 
19;130(2):89-96. 

 (84)  Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al. 
Cardiorespiratory fitness as a quantitative predictor of all-cause mortality 



 

148 

and cardiovascular events in healthy men and women: a meta-analysis. 
JAMA 2009 May 20;301(19):2024-35. 

 (85)  Gupta S, Rohatgi A, Ayers CR, Willis BL, Haskell WL, Khera A, et al. 
Cardiorespiratory fitness and classification of risk of cardiovascular 
disease mortality. Circulation 2011 Apr 5;123(13):1377-83. 

 (86)  Verma SK, Sidhu LS, Kansal DK. Aerobic work capacity in young sedentary 
men and active athletes in India. Br J Sports Med 1979;(13):98-102. 

 (87)  Hardy CP, Eston RG. Aerobic fitness of Anglo-Saxon and Indian students. 
Br J Sports Med 1985 Dec;19(4):217-8. 

 (88)  Perseghin G, Ghosh S, Gerow K, Shulman GI. Metabolic defects in lean 
nondiabetic offspring of NIDDM parents: a cross-sectional study. Diabetes 
1997 Jun;46(6):1001-9. 

 (89)  Humphriss DB, Stewart MW, Berrish TS, Barriocanal LA, Trajano LR, 
Ashworth LA, et al. Multiple metabolic abnormalities in normal glucose 

tolerant relatives of NIDDM families. Diabetologia 1997 Oct;40(10):1185-
90. 

 (90)  Ohlson LO, Larsson B, Bjorntorp P, Eriksson H, Svardsudd K, Welin L, et al. 
Risk factors for type 2 (non-insulin-dependent) diabetes mellitus. Thirteen 
and one-half years of follow-up of the participants in a study of Swedish 
men born in 1913. Diabetologia 1988 Nov;31(11):798-805. 

 (91)  Kobberling J, Tillil H. The Genetics of Diabetes Mellitus. In: Kobberling J, 
Tattersall RB, editors. Academic Press, London; 1982. p. 201-9. 

 (92)  Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research. 
Public Health Rep 1985 Mar;100(2):126-31. 

 (93)  Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. 
Physical activity and public health: updated recommendation for adults 
from the American College of Sports Medicine and the American Heart 
Association. Med Sci Sports Exerc 2007 Aug;39(8):1423-34. 

 (94)  Saris WH, Blair SN, van Baak MA, Eaton SB, Davies PS, Di Pietro L, et al. 
How much physical activity is enough to prevent unhealthy weight gain? 
Outcome of the IASO 1st Stock Conference and consensus statement. Obes 

Rev 2003 May;4(2):101-14. 

 (95)  UK physical activity guidelines for adults. Department of Health 2011 July 
1 [cited 2013 Apr 11];Available from: URL: 
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/docume
nts/digitalasset/dh_128145.pdf 

 (96)  Shephard RJ. Limits to the measurement of habitual physical activity by 
questionnaires. Br J Sports Med 2003 Jun;37(3):197-206. 

http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_128145.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_128145.pdf


 

149 

 (97)  Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et 
al. International physical activity questionnaire: 12-country reliability and 
validity. Med Sci Sports Exerc 2003 Aug;35(8):1381-95. 

 (98)  van Poppel MN, Chinapaw MJ, Mokkink LB, van MW, Terwee CB. Physical 
activity questionnaires for adults: a systematic review of measurement 
properties. Sports Med 2010 Jul 1;40(7):565-600. 

 (99)  Fischbacher CM, Hunt S, Alexander L. How physically active are South 
Asians in the United Kingdom? A literature review. J Public Health 2004 
Sep 1;26(3):250-8. 

(100)  Mahabir S, Baer DJ, Giffen C, Clevidence BA, Campbell WS, Taylor PR, et 
al. Comparison of energy expenditure estimates from 4 physical activity 
questionnaires with doubly labeled water estimates in postmenopausal 
women. Am J Clin Nutr 2006 Jul 1;84(1):230-6. 

(101)  Murphy SL. Review of physical activity measurement using accelerometers 

in older adults: considerations for research design and conduct. Prev Med 
2009 Feb;48(2):108-14. 

(102)  Plasqui G, Westerterp KR. Physical activity assessment with 
accelerometers: an evaluation against doubly labeled water. Obesity 
(Silver Spring) 2007 Oct;15(10):2371-9. 

(103)  Chen KY, Bassett DR, Jr. The technology of accelerometry-based activity 
monitors: current and future. Med Sci Sports Exerc 2005 Nov;37(11 
Suppl):S490-S500. 

(104)  Celis-Morales CA, Perez-Bravo F, Ibanez L, Salas C, Bailey ME, Gill JM. 
Objective vs. self-reported physical activity and sedentary time: effects 
of measurement method on relationships with risk biomarkers. PLoS ONE 
2012;7(5):e36345. 

(105)  Gill JM, Cooper AR. Physical activity and prevention of type 2 diabetes 
mellitus. Sports Med 2008;38(10):807-24. 

(106)  Balkau B, Mhamdi L, Oppert JM, Nolan J, Golay A, Porcellati F, et al. 
Physical activity and insulin sensitivity: the RISC study. Diabetes 2008 
Oct;57(10):2613-8. 

(107)  Meisinger C, Lowel H, Thorand B, Doring A. Leisure time physical activity 

and the risk of type 2 diabetes in men and women from the general 
population. The MONICA/KORA Augsburg Cohort Study. Diabetologia 2005 
Jan;48(1):27-34. 

(108)  Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA, Solomon CG, Willett WC, et 
al. Walking compared with vigorous physical activity and risk of type 2 
diabetes in women: a prospective study. JAMA 1999 Oct 20;282(15):1433-
9. 

(109)  Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H, Ilanne-
Parikka P, et al. Prevention of type 2 diabetes mellitus by changes in 



 

150 

lifestyle among subjects with impaired glucose tolerance. N Engl J Med 
2001 May 3;344(18):1343-50. 

(110)  Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on blood 
pressure: a meta-analysis of randomized, controlled trials. Ann Intern Med 
2002 Apr 2;136(7):493-503. 

(111)  Durstine JL, Grandjean PW, Davis PG, Ferguson MA, Alderson NL, DuBose 
KD. Blood lipid and lipoprotein adaptations to exercise: a quantitative 
analysis. Sports Med 2001;31(15):1033-62. 

(112)  Department of Health and Human Services. Physical activity and Health: A 
report of the Surgeon General.  U.S. Department of Health and Human 
Services, Centers for Disease Control and Prevention, National Center for 
Chronic Disease Prevention and Health Promotion ; 1996.  

(113)  Gill JM, Malkova D. Physical activity, fitness and cardiovascular disease 
risk in adults: interactions with insulin resistance and obesity. Clin Sci 

(Lond) 2006 Apr 1;110(4):409-25. 

(114)  Atienza AA, Moser RP, Perna F, Dodd K, Ballard-Barbash R, Troiano RP, et 
al. Self-reported and objectively measured activity related to biomarkers 
using NHANES. Med Sci Sports Exerc 2011 May;43(5):815-21. 

(115)  Hayes L, White M, Unwin N, Bhopal R, Fischbacher C, Harland J, et al. 
Patterns of physical activity and relationship with risk markers for 
cardiovascular disease and diabetes in Indian, Pakistani, Bangladeshi and 
European adults in a UK population. J Public Health 2002 Sep 1;24(3):170-
8. 

(116)  Williams ED, Stamatakis E, Chandola T, Hamer M. Physical activity 
behaviour and coronary heart disease mortality among South Asian people 
in the UK: an observational longitudinal study. Heart 2011 Apr;97(8):655-
9. 

(117)  Yates T, Davies MJ, Gray LJ, Webb D, Henson J, Gill JM, et al. Levels of 
physical activity and relationship with markers of diabetes and 
cardiovascular disease risk in 5474 white European and South Asian adults 
screened for type 2 diabetes. Prev Med 2010 Sep;51(3-4):290-4. 

(118)  Williams ED, Stamatakis E, Chandola T, Hamer M. Assessment of physical 

activity levels in South Asians in the UK: findings from the Health Survey 
for England. J Epidemiol Community Health 2010 Jun 4. 

(119)  Hayes L, White M, Unwin N, Bhopal R, Fischbacher C, Harland J, et al. 
Patterns of physical activity and relationship with risk markers for 
cardiovascular disease and diabetes in Indian, Pakistani, Bangladeshi and 
European adults in a UK population. J Public Health Med 2002 
Sep;24(3):170-8. 

(120)  Lawton J, Ahmad N, Hanna L, Douglas M, Hallowell N. 'I can't do any 
serious exercise': barriers to physical activity amongst people of Pakistani 
and Indian origin with Type 2 diabetes. Health Educ Res 2006 
Feb;21(1):43-54. 



 

151 

(121)  Gill JM, Bhopal R, Douglas A, Wallia S, Bhopal R, Sheikh A, et al. Sitting 
time and waist circumference are associated with glycemia in U.K. South 
Asians: data from 1,228 adults screened for the PODOSA trial. Diabetes 
Care 2011 May;34(5):1214-8. 

(122)  Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expenditure 
and sitting in obesity, metabolic syndrome, type 2 diabetes, and 
cardiovascular disease. Diabetes 2007 Nov;56(11):2655-67. 

(123)  Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et al. 
Sedentary time in adults and the association with diabetes, cardiovascular 
disease and death: systematic review and meta-analysis. Diabetologia 
2012 Nov;55(11):2895-905. 

(124)  Preiss D, Sattar N. Non-alcoholic fatty liver disease: an overview of 
prevalence, diagnosis, pathogenesis and treatment considerations. Clin 
Sci (Lond) 2008 Sep;115(5):141-50. 

(125)  Byrne CD, Olufadi R, Bruce KD, Cagampang FR, Ahmed MH. Metabolic 
disturbances in non-alcoholic fatty liver disease. Clin Sci (Lond) 2009 
Apr;116(7):539-64. 

(126)  McCullough AJ. Update on nonalcoholic fatty liver disease. J Clin 
Gastroenterol 2002 Mar;34(3):255-62. 

(127)  Bellentani S, Saccoccio G, Masutti F, Croce LS, Brandi G, Sasso F, et al. 
Prevalence of and risk factors for hepatic steatosis in Northern Italy. Ann 
Intern Med 2000 Jan 18;132(2):112-7. 

(128)  Taylor R. Pathogenesis of type 2 diabetes: tracing the reverse route from 
cure to cause. Diabetologia 2008 Oct;51(10):1781-9. 

(129)  Petersen KF, Dufour S, Feng J, Befroy D, Dziura J, Dalla MC, et al. 
Increased prevalence of insulin resistance and nonalcoholic fatty liver 
disease in Asian-Indian men. Proc Natl Acad Sci U S A 2006 Nov 
28;103(48):18273-7. 

(130)  Dixon JB, Bhathal PS, O'Brien PE. Weight loss and non-alcoholic fatty liver 
disease: falls in gamma-glutamyl transferase concentrations are 
associated with histologic improvement. Obes Surg 2006 Oct;16(10):1278-
86. 

(131)  Hollingsworth KG, Abubacker MZ, Joubert I, Allison ME, Lomas DJ. Low-
carbohydrate diet induced reduction of hepatic lipid content observed 
with a rapid non-invasive MRI technique. Br J Radiol 2006 
Sep;79(945):712-5. 

(132)  Petersen KF, Dufour S, Befroy D, Lehrke M, Hendler RE, Shulman GI. 
Reversal of nonalcoholic hepatic steatosis, hepatic insulin resistance, and 
hyperglycemia by moderate weight reduction in patients with type 2 
diabetes. Diabetes 2005 Mar;54(3):603-8. 

(133)  Fraser A, Harris R, Sattar N, Ebrahim S, Davey SG, Lawlor DA. Alanine 
aminotransferase, gamma-glutamyltransferase, and incident diabetes: the 



 

152 

British Women's Heart and Health Study and meta-analysis. Diabetes Care 
2009 Apr;32(4):741-50. 

(134)  Ghouri N, Preiss D, Sattar N. Liver enzymes, nonalcoholic fatty liver 
disease, and incident cardiovascular disease: a narrative review and 
clinical perspective of prospective data. Hepatology 2010 Sep;52(3):1156-
61. 

(135)  Fraser A, Harris R, Sattar N, Ebrahim S, Smith GD, Lawlor DA. Gamma-
glutamyltransferase is associated with incident vascular events 
independently of alcohol intake: analysis of the British Women's Heart and 
Health Study and Meta-Analysis. Arterioscler Thromb Vasc Biol 2007 
Dec;27(12):2729-35. 

(136)  Strasak AM, Kelleher CC, Klenk J, Brant LJ, Ruttmann E, Rapp K, et al. 
Longitudinal change in serum gamma-glutamyltransferase and 
cardiovascular disease mortality: a prospective population-based study in 

76,113 Austrian adults. Arterioscler Thromb Vasc Biol 2008 
Oct;28(10):1857-65. 

(137)  Lee DH, Buijsse B, Steffen L, Holtzman J, Luepker R, Jacobs DR, Jr. 
Association between serum gamma-glutamyltransferase and 
cardiovascular mortality varies by age: the Minnesota Heart Survey. Eur J 
Cardiovasc Prev Rehabil 2009 Feb;16(1):16-20. 

(138)  Wannamethee SG, Lennon L, Shaper AG. The value of gamma-
glutamyltransferase in cardiovascular risk prediction in men without 
diagnosed cardiovascular disease or diabetes. Atherosclerosis 2008 
Nov;201(1):168-75. 

(139)  Goessling W, Massaro JM, Vasan RS, D'Agostino RB, Sr., Ellison RC, Fox CS. 
Aminotransferase levels and 20-year risk of metabolic syndrome, 
diabetes, and cardiovascular disease. Gastroenterology 2008 
Dec;135(6):1935-44, 1944. 

(140)  Targher G, Day CP, Bonora E. Risk of cardiovascular disease in patients 
with nonalcoholic fatty liver disease. N Engl J Med 2010 Sep 
30;363(14):1341-50. 

(141)  Petersen KF, Dufour S, Feng J, Befroy D, Dziura J, Dalla MC, et al. 

Increased prevalence of insulin resistance and nonalcoholic fatty liver 
disease in Asian-Indian men. Proc Natl Acad Sci U S A 2006 Nov 
28;103(48):18273-7. 

(142)  Dzau V, Braunwald E. Resolved and unresolved issues in the prevention 
and treatment of coronary artery disease: A workshop consensus 
statement. American Heart Journal 1991 Apr;121(4, Part 1):1244-63. 

(143)  Millonig G, Malcom GT, Wick G. Early inflammatory-immunological lesions 
in juvenile atherosclerosis from the Pathobiological Determinants of 
Atherosclerosis in Youth (PDAY)-study. Atherosclerosis 2002 
Feb;160(2):441-8. 



 

153 

(144)  Crowther MA. Pathogenesis of Atherosclerosis. Hematology 2005 Jan 
1;2005(1):436-41. 

(145)  Libby P. Inflammation and cardiovascular disease mechanisms. Am J Clin 
Nutr 2006 Feb 1;83(2):456S-460. 

(146)  Stary HC, Chandler AB, Glagov S, Guyton JR, Insull W, Jr., Rosenfeld ME, 
et al. A definition of initial, fatty streak, and intermediate lesions of 
atherosclerosis. A report from the Committee on Vascular Lesions of the 
Council on Arteriosclerosis, American Heart Association. Circulation 1994 
May 1;89(5):2462-78. 

(147)  Stages of endothelial dysfunction in atherosclerosis. Wikipedia 2007 March 

3 [cited 2013 Aug 20];Available from: URL: 
http://en.wikipedia.org/wiki/File:Endo_dysfunction_Athero.PNG 

(148)  Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s. 
Nature 1993;362:801-9. 

(149)  Libby P, Ridker PM. Inflammation and Atherothrombosis: From Population 
Biology and Bench Research to Clinical Practice. J Am Coll Cardiol 2006 
Oct 27;48(9_Suppl_A):A33-A46. 

(150)  Law MR, Wald NJ, Morris JK. The performance of blood pressure and other 
cardiovascular risk factors as screening tests for ischaemic heart disease 
and stroke. J Med Screen 2004;11(1):3-7. 

(151)  Berger JS, Jordan CO, Lloyd-Jones D, Blumenthal RS. Screening for 
cardiovascular risk in asymptomatic patients. J Am Coll Cardiol 2010 Mar 
23;55(12):1169-77. 

(152)  Greenland P, Smith SC, Jr., Grundy SM. Improving coronary heart disease 
risk assessment in asymptomatic people: role of traditional risk factors 
and noninvasive cardiovascular tests. Circulation 2001 Oct 9;104(15):1863-
7. 

(153)  Bots ML, den Ruijter HM. Should we indeed measure carotid intima-media 
thickness for improving prediction of cardiovascular events after 
IMPROVE? J Am Coll Cardiol 2012 Oct 16;60(16):1500-2. 

(154)  Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ, Fayad ZA, et 

al. 2010 ACCF/AHA guideline for assessment of cardiovascular risk in 
asymptomatic adults: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol 2010 Dec 14;56(25):e50-103. 

(155)  Ferket BS, Genders TS, Colkesen EB, Visser JJ, Spronk S, Steyerberg EW, 
et al. Systematic review of guidelines on imaging of asymptomatic 
coronary artery disease. J Am Coll Cardiol 2011 Apr 12;57(15):1591-600. 

(156)  Baldassarre D, Hamsten A, Veglia F, de FU, Humphries SE, Smit AJ, et al. 
Measurements of carotid intima-media thickness and of interadventitia 
common carotid diameter improve prediction of cardiovascular events: 
results of the IMPROVE (Carotid Intima Media Thickness [IMT] and IMT-

http://en.wikipedia.org/wiki/File:Endo_dysfunction_Athero.PNG


 

154 

Progression as Predictors of Vascular Events in a High Risk European 
Population) study. J Am Coll Cardiol 2012 Oct 16;60(16):1489-99. 

(157)  Bond MG, Wilmoth SK, Gardin JF, Barnes RW, Sawyer JK. Noninvasive 
assessment of atherosclerosis in nonhuman primates. Adv Exp Med Biol 
1985;183:189-95. 

(158)  Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus medial 
thickness of the arterial wall: a direct measurement with ultrasound 
imaging. Circulation 1986 Dec;74(6):1399-406. 

(159)  Salonen R, Salonen JT. Determinants of carotid intima-media thickness: a 
population-based ultrasonography study in eastern Finnish men. J Intern 
Med 1991 Mar;229(3):225-31. 

(160)  Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett AR, et 
al. Association of Coronary Heart Disease Incidence with Carotid Arterial 
Wall Thickness and Major Risk Factors: The Atherosclerosis Risk in 

Communities (ARIC) Study, 1987-1993. Am J Epidemiol 1997 Sep 
15;146(6):483-94. 

(161)  O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK, et 
al. Carotid-Artery Intima and Media Thickness as a Risk Factor for 
Myocardial Infarction and Stroke in Older Adults. N Engl J Med 1999 Jan 
7;340(1):14-22. 

(162)  Lorenz MW, von Kegler S, Steinmetz H, Markus HS, Sitzer M. Carotid 
Intima-Media Thickening Indicates a Higher Vascular Risk Across a Wide 
Age Range: Prospective Data From the Carotid Atherosclerosis Progression 
Study (CAPS). Stroke 2006 Jan 1;37(1):87-92. 

(163)  Bots ML, Baldassarre D, Simon A, de Groot E, O'Leary DH, Riley W, et al. 
Carotid intima-media thickness and coronary atherosclerosis: weak or 
strong relations? Eur Heart J 2007 Feb 2;28(4):398-406. 

(164)  Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of Clinical 
Cardiovascular Events With Carotid Intima-Media Thickness: A Systematic 
Review and Meta-Analysis. Circulation 2007 Jan 30;115(4):459-67. 

(165)  Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common Carotid 
Intima-Media Thickness and Risk of Stroke and Myocardial Infarction : The 

Rotterdam Study. Circulation 1997 Sep 2;96(5):1432-7. 

(166)  Chambless LE, Folsom AR, Clegg LX, Sharrett AR, Shahar E, Nieto FJ, et al. 
Carotid Wall Thickness is Predictive of Incident Clinical Stroke: The 
Atherosclerosis Risk in Communities (ARIC) Study. Am J Epidemiol 2000 
Mar 1;151(5):478-87. 

(167)  Espeland MA, O'leary DH, Terry JG, Morgan T, Evans G, Mudra H. Carotid 
intimal-media thickness as a surrogate for cardiovascular disease events in 
trials of HMG-CoA reductase inhibitors. Curr Control Trials Cardiovasc Med 
2005 Mar 10;6(1):3. 



 

155 

(168)  Greenland P, Abrams J, Aurigemma GP, Bond MG, Clark LT, Criqui MH, et 
al. Prevention Conference V : Beyond Secondary Prevention : Identifying 
the High-Risk Patient for Primary Prevention : Noninvasive Tests of 
Atherosclerotic Burden : Writing Group III. Circulation 2000 Jan 
4;101(1):e16-e22. 

(169)  Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al. Use 
of carotid ultrasound to identify subclinical vascular disease and evaluate 
cardiovascular disease risk: a consensus statement from the American 
Society of Echocardiography Carotid Intima-Media Thickness Task Force. 
Endorsed by the Society for Vascular Medicine. J Am Soc Echocardiogr 
2008 Feb;21(2):93-111. 

(170)  Wendelhag I, Liang Q, Gustavsson T, Wikstrand J. A new automated 
computerized analyzing system simplifies readings and reduces the 
variability in ultrasound measurement of intima-media thickness. Stroke 

1997 Nov;28(11):2195-200. 

(171)  Freire CM, Ribeiro AL, Barbosa FB, Nogueira AI, de Almeida MC, Barbosa 
MM, et al. Comparison between automated and manual measurements of 
carotid intima-media thickness in clinical practice. Vasc Health Risk 
Manag 2009;5:811-7. 

(172)  Lorenz MW, Polak JF, Kavousi M, Mathiesen EB, Volzke H, Tuomainen TP, 
et al. Carotid intima-media thickness progression to predict 
cardiovascular events in the general population (the PROG-IMT 
collaborative project): a meta-analysis of individual participant data. 
Lancet 2012 Jun 2;379(9831):2053-62. 

(173)  Anand SS, Yusuf S, Vuksan V, Devanesen S, Teo KK, Montague PA, et al. 
Differences in risk factors, atherosclerosis, and cardiovascular disease 
between ethnic groups in Canada: the Study of Health Assessment and 
Risk in Ethnic groups (SHARE). Lancet 2000 Jul 22;356(9226):279-84. 

(174)  Spence JD. Measurement of intima-media thickness vs. carotid plaque: 
uses in patient care, genetic research and evaluation of new therapies. 
Int J Stroke 2006 Nov;1(4):216-21. 

(175)  Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus medial 

thickness of the arterial wall: a direct measurement with ultrasound 
imaging. Circulation 1986 Dec;74(6):1399-406. 

(176)  Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, 
et al. Mannheim carotid intima-media thickness consensus (2004-2006). An 
update on behalf of the Advisory Board of the 3rd and 4th Watching the 
Risk Symposium, 13th and 15th European Stroke Conferences, Mannheim, 
Germany, 2004, and Brussels, Belgium, 2006. Cerebrovasc Dis 
2007;23(1):75-80. 

(177)  Adams MR, Nakagomi A, Keech A, Robinson J, McCredie R, Bailey BP, et 
al. Carotid intima-media thickness is only weakly correlated with the 
extent and severity of coronary artery disease. Circulation 1995 Oct 
15;92(8):2127-34. 



 

156 

(178)  Roman MJ, Saba PS, Pini R, Spitzer M, Pickering TG, Rosen S, et al. 
Parallel cardiac and vascular adaptation in hypertension. Circulation 1992 
Dec;86(6):1909-18. 

(179)  Ebrahim S, Papacosta O, Whincup P, Wannamethee G, Walker M, 
Nicolaides AN, et al. Carotid Plaque, Intima Media Thickness, 
Cardiovascular Risk Factors, and Prevalent Cardiovascular Disease in Men 
and Women : The British Regional Heart Study. Stroke 1999 Apr 
1;30(4):841-50. 

(180)  Aminbakhsh A, Frohlich J, Mancini GB. Detection of early atherosclerosis 
with B mode carotid ultrasonography: assessment of a new quantitative 
approach. Clin Invest Med 1999 Dec;22(6):265-74. 

(181)  Salonen JT, Salonen R. Ultrasonographically assessed carotid morphology 
and the risk of coronary heart disease. Arterioscler Thromb 1991 
Sep;11(5):1245-9. 

(182)  Belcaro G, Nicolaides AN, Ramaswami G, Cesarone MR, De Sanctis M, 
Incandela L, et al. Carotid and femoral ultrasound morphology screening 
and cardiovascular events in low risk subjects: a 10-year follow-up study 
(the CAFES-CAVE study(1)). Atherosclerosis 2001 Jun;156(2):379-87. 

(183)  Johnsen SH, Mathiesen EB, Joakimsen O, Stensland E, Wilsgaard T, Lochen 
ML, et al. Carotid atherosclerosis is a stronger predictor of myocardial 
infarction in women than in men: a 6-year follow-up study of 6226 
persons: the Tromso Study. Stroke 2007 Nov;38(11):2873-80. 

(184)  van der Meer IM, Bots ML, Hofman A, del Sol AI, van der Kuip DA, 
Witteman JC. Predictive value of noninvasive measures of atherosclerosis 
for incident myocardial infarction: the Rotterdam Study. Circulation 2004 
Mar 9;109(9):1089-94. 

(185)  Hollander M, Hak AE, Koudstaal PJ, Bots ML, Grobbee DE, Hofman A, et 
al. Comparison between measures of atherosclerosis and risk of stroke: 
the Rotterdam Study. Stroke 2003 Oct;34(10):2367-72. 

(186)  Deans KA, Bezlyak V, Ford I, Batty GD, Burns H, Cavanagh J, et al. 
Differences in atherosclerosis according to area level socioeconomic 
deprivation: cross sectional, population based study. BMJ 2009 Oct 

27;339(oct27_4):b4170. 

(187)  Nambi V, Chambless L, Folsom AR, He M, Hu Y, Mosley T, et al. Carotid 
intima-media thickness and presence or absence of plaque improves 
prediction of coronary heart disease risk: the ARIC (Atherosclerosis Risk In 
Communities) study. J Am Coll Cardiol 2010 Apr 13;55(15):1600-7. 

(188)  Peters SA, den Ruijter HM, Bots ML, Moons KG. Improvements in risk 
stratification for the occurrence of cardiovascular disease by imaging 
subclinical atherosclerosis: a systematic review. Heart 2012 
Feb;98(3):177-84. 



 

157 

(189)  Makris GC, Lavida A, Griffin M, Geroulakos G, Nicolaides AN. Three-
dimensional ultrasound imaging for the evaluation of carotid 
atherosclerosis. Atherosclerosis 2011 Dec;219(2):377-83. 

(190)  Yamada K, Yoshimura S, Kawasaki M, Enomoto Y, Asano T, Minatoguchi S, 
et al. Effects of atorvastatin on carotid atherosclerotic plaques: a 
randomized trial for quantitative tissue characterization of carotid 
atherosclerotic plaques with integrated backscatter ultrasound. 
Cerebrovasc Dis 2009;28(4):417-24. 

(191)  Ibrahimi P, Jashari F, Nicoll R, Bajraktari G, Wester P, Henein MY. 
Coronary and carotid atherosclerosis: how useful is the imaging? 
Atherosclerosis 2013 Dec;231(2):323-33. 

(192)  Gronholdt ML, Nordestgaard BG, Schroeder TV, Vorstrup S, Sillesen H. 
Ultrasonic echolucent carotid plaques predict future strokes. Circulation 
2001 Jul 3;104(1):68-73. 

(193)  Honda O, Sugiyama S, Kugiyama K, Fukushima H, Nakamura S, Koide S, et 
al. Echolucent carotid plaques predict future coronary events in patients 
with coronary artery disease. J Am Coll Cardiol 2004 Apr 7;43(7):1177-84. 

(194)  AbuRahma AF, Wulu JT, Jr., Crotty B. Carotid plaque ultrasonic 
heterogeneity and severity of stenosis. Stroke 2002 Jul;33(7):1772-5. 

(195)  Petersen C, Pecanha PB, Venneri L, Pasanisi E, Pratali L, Picano E. The 
impact of carotid plaque presence and morphology on mortality outcome 
in cardiological patients. Cardiovasc Ultrasound 2006;4:16. 

(196)  Tarazi RC. The heart in hypertension. N Engl J Med 1985 Jan 
31;312(5):308-9. 

(197)  Agyemang C, Bhopal RS. Is the blood pressure of South Asian adults in the 
UK higher or lower than that in European white adults? A review of cross-
sectional data. J Hum Hypertens 2002 Nov;16(11):739-51. 

(198)  Abrams J. Role of endothelial dysfunction in coronary artery disease. Am J 
Cardiol 1997 Jun 26;79(12B):2-9. 

(199)  Heitzer T, Schlinzig T, Krohn K, Meinertz T, Munzel T. Endothelial 
dysfunction, oxidative stress, and risk of cardiovascular events in patients 
with coronary artery disease. Circulation 2001 Nov 27;104(22):2673-8. 

(200)  Wilkinson IB, Hall IR, MacCallum H, Mackenzie IS, McEniery CM, van der 
Arend BJ, et al. Pulse-wave analysis: clinical evaluation of a noninvasive, 
widely applicable method for assessing endothelial function. Arterioscler 
Thromb Vasc Biol 2002 Jan;22(1):147-52. 

(201)  Hamilton PK, Lockhart CJ, Quinn CE, McVeigh GE. Arterial stiffness: 
clinical relevance, measurement and treatment. Clin Sci (Lond) 2007 
Aug;113(4):157-70. 

(202)  Vlachopoulos C, Aznaouridis K, O'Rourke MF, Safar ME, Baou K, Stefanadis 
C. Prediction of cardiovascular events and all-cause mortality with central 



 

158 

haemodynamics: a systematic review and meta-analysis. Eur Heart J 2010 
Aug;31(15):1865-71. 

(203)  Sutton-Tyrrell K, Najjar SS, Boudreau RM, Venkitachalam L, Kupelian V, 
Simonsick EM, et al. Elevated aortic pulse wave velocity, a marker of 
arterial stiffness, predicts cardiovascular events in well-functioning older 
adults. Circulation 2005 Jun 28;111(25):3384-90. 

(204)  Qureshi E, Diamond GA, Chouraqui P, Saef J, Reed G, Armenia AB, et al. 
Usefulness of finger blood flow during exercise as a marker of functionally 
significant coronary heart disease. Am J Cardiol 2002 Oct 1;90(7):756-9. 

(205)  Hamburg NM, Keyes MJ, Larson MG, Vasan RS, Schnabel R, Pryde MM, et 
al. Cross-sectional relations of digital vascular function to cardiovascular 
risk factors in the Framingham Heart Study. Circulation 2008 May 
13;117(19):2467-74. 

(206)  Raji A, Gerhard-Herman MD, Warren M, Silverman SG, Raptopoulos V, 

Mantzoros CS, et al. Insulin resistance and vascular dysfunction in 
nondiabetic Asian Indians. J Clin Endocrinol Metab 2004 Aug;89(8):3965-
72. 

(207)  Chambers JC, McGregor A, Jean-Marie J, Kooner JS. Abnormalities of 
vascular endothelial function may contribute to increased coronary heart 
disease risk in UK Indian Asians. Heart 1999 May;81(5):501-4. 

(208)  Din JN, Ashman OA, Aftab SM, Jubb AW, Newby DE, Flapan AD. Increased 
arterial stiffness in healthy young South Asian men. J Hum Hypertens 2006 
Feb;20(2):163-5. 

(209)  Kapoor C, Singarajah C, Zafar H, Adubofour KO, Takahashi B, Vajo Z, et 
al. Impaired beta 2-adrenergic agonist-induced venodilation in Indians of 
Asian origin. Clin Pharmacol Ther 1996 May;59(5):569-76. 

(210)  Rezai MR, Wallace AM, Sattar N, Finn JD, Wu FC, Cruickshank JK. Ethnic 
differences in aortic pulse wave velocity occur in the descending aorta 
and may be related to vitamin D. Hypertension 2011 Aug;58(2):247-53. 

(211)  Sheikh A, Halani L, Bhopal R, Netuveli G, Partridge MR, Car J, et al. 
Facilitating the recruitment of minority ethnic people into research: 
qualitative case study of South Asians and asthma. PLoS Med 2009 

Oct;6(10):e1000148. 

(212)  Twamley K, Puthussery K, Macfarlane A, Harding S, Ahmed S, Mirsky J. 
Recruiting UK-Born ethnic minority women for health research: lessons 
learned from a study on maternity care. Research Policy and Planning 
2009;27:25-38. 

(213)  Ziaee V, Razaei M, Ahmadinejad Z, Shaikh H, Yousefi R, Yarmohammadi L, 
et al. The changes of metabolic profile and weight during Ramadan 
fasting. Singapore Med J 2006 May;47(5):409-14. 

(214)  Fehily AM, Yarnell JW, Butland BK. Diet and ischaemic heart disease in 
the Caerphilly Study. Hum Nutr Appl Nutr 1987 Oct;41(5):319-26. 



 

159 

(215)  Stein JH, Korcarz CE, Mays ME, Douglas PS, Palta M, Zhang H, et al. A 
semiautomated ultrasound border detection program that facilitates 
clinical measurement of ultrasound carotid intima-media thickness. J Am 
Soc Echocardiogr 2005 Mar;18(3):244-51. 

(216)  El Assaad MA, Topouchian JA, Asmar RG. Evaluation of two devices for 
self-measurement of blood pressure according to the international 
protocol: the Omron M5-I and the Omron 705IT. Blood Press Monit 2003 
Jun;8(3):127-33. 

(217)  Marfell-Jones M, Olds T, Stewart A, Carter L. International standards for 
anthropometric assessment. Potchefstroom, South Africa: ISAK; 2006. 

(218)  Reilly T, Tyrrell A, Troup JD. Circadian variation in human stature. 
Chronobiol Int 1984;1(2):121-6. 

(219)   Body composition by Air Displacement Plethysmography for research, 
clinical and sport applications 2010 [cited 2013 Aug 20];Available from: 

URL: http://www.bodpod.com/en/products/body-composition/adult-
children-bod-pod-gs 

(220)  Dewit O, Fuller NJ, Fewtrell MS, Elia M, Wells JC. Whole body air 
displacement plethysmography compared with hydrodensitometry for 
body composition analysis. Arch Dis Child 2000 Feb;82(2):159-64. 

(221)  Dempster P, Aitkens S. A new air displacement method for the 
determination of human body composition. Med Sci Sports Exerc 1995 
Dec;27(12):1692-7. 

(222)  West JB. The original presentation of Boyle's law. Journal of Applied 
Physiology 1999 Oct 1;87(4):1543-5. 

(223)  McCrory MA, Mole PA, Gomez TD, Dewey KG, Bernauer EM. Body 
composition by air-displacement plethysmography by using predicted and 
measured thoracic gas volumes. Journal of Applied Physiology 1998 Apr 
1;84(4):1475-9. 

(224)  Crapo RO, Morris AH, Clayton PD, Nixon CR. Lung volumes in healthy 
nonsmoking adults. Bull Eur Physiopathol Respir 1982 May;18(3):419-25. 

(225)  Brozek J, Henschel A, Siri WE. Body composition from fluid spaces and 
density: analysis of methods. In: Brozek J, Henschel A, editors. 

Techniques for measuring body composition.Washington: National 
Academy of Science; 1961. p. 223-43. 

(226)  Hopkins WG. Calculations for reliability. A New View of Statistics 2009 
May 17 [cited 2013 Aug 20];Available from: URL: 
http://www.sportsci.org/resource/stats/index.html 

(227)  Hopkins WG. Measures of reliability in sports medicine and science. Sports 
Med 2000 Jul;30(1):1-15. 

(228)  Vescovi JD, Zimmerman SL, Miller WC, Hildebrandt L, Hammer RL, 
Fernhall B. Evaluation of the BOD POD for estimating percentage body fat 

http://www.bodpod.com/en/products/body-composition/adult-children-bod-pod-gs
http://www.bodpod.com/en/products/body-composition/adult-children-bod-pod-gs
http://www.sportsci.org/resource/stats/index.html


 

160 

in a heterogeneous group of adult humans. Eur J Appl Physiol 2001 
Aug;85(3-4):326-32. 

(229)  BALKE B, WARE RW. An experimental study of physical fitness of Air Force 
personnel. U S Armed Forces Med J 1959 Jun;10(6):675-88. 

(230)  TAYLOR HL, BUSKIRK E, HENSCHEL A. Maximal oxygen intake as an 
objective measure of cardio-respiratory performance. J Appl Physiol 1955 
Jul;8(1):73-80. 

(231)  American College of Sports Medicine. Appendix D Metabolic Calculations. 
In: Kenney W, editor. Guidelines for Exercise Testing and Prescription. 5th 
ed. Baltimore: Williams and Wilkins; 1995. 

(232)  Buchfuhrer MJ, Hansen JE, Robinson TE, Sue DY, Wasserman K, Whipp BJ. 
Optimizing the exercise protocol for cardiopulmonary assessment. Journal 
of Applied Physiology 1983 Nov 1;55(5):1558-64. 

(233)  Bruce RA, Kusumi F, Hosmer D. Maximal oxygen intake and nomographic 

assessment of functional aerobic impairment in cardiovascular disease. 
Am Heart J 1973 Apr;85(4):546-62. 

(234)  Mason RE, Likar I. A new system of multiple-lead exercise 
electrocardiography. Am Heart J 1966 Feb;71(2):196-205. 

(235)  Senaratne MPJ, Smith G, Gulamhusein SS. Feasibility and safety of early 
exercise testing using the Bruce protocol after acute myocardial 
infarction. J Am Coll Cardiol 2000 Apr 1;35(5):1212-20. 

(236)  Consolazio CF. Physiological Measurements of Metabolic Functions in 
Man.New York: McGraw-Hill; 1963. 

(237)  Wilmore JH, Costill DL. Adequacy of the Haldane transformation in the 
computation of exercise V O2 in man. J Appl Physiol 1973 Jul;35(1):85-9. 

(238)  Howley ET, Bassett DR, Jr., Welch HG. Criteria for maximal oxygen 
uptake: review and commentary. Med Sci Sports Exerc 1995 
Sep;27(9):1292-301. 

(239)  Fox SM, III, Haskell WL. Physical activity and the prevention of coronary 
heart disease. Bull N Y Acad Med 1968 Aug;44(8):950-67. 

(240)  Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science 
and Applications, Inc. accelerometer. Med Sci Sports Exerc 1998 

May;30(5):777-81. 

(241)  Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. 
Physical activity in the United States measured by accelerometer. Med Sci 
Sports Exerc 2008 Jan;40(1):181-8. 

(242)  Qayyum A. MR spectroscopy of the liver: principles and clinical 
applications. Radiographics 2009 Oct;29(6):1653-64. 

(243)  Roldan-Valadez E, Favila R, Martinez-Lopez M, Uribe M, Rios C, Mendez-
Sanchez N. In vivo 3T spectroscopic quantification of liver fat content in 



 

161 

nonalcoholic fatty liver disease: Correlation with biochemical method and 
morphometry. J Hepatol 2010 Oct;53(4):732-7. 

(244)  Petersen KF, Dufour S, Feng J, Befroy D, Dziura J, Dalla MC, et al. 
Increased prevalence of insulin resistance and nonalcoholic fatty liver 
disease in Asian-Indian men. Proc Natl Acad Sci U S A 2006 Nov 
28;103(48):18273-7. 

(245)  Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and beta-cell function 
from fasting plasma glucose and insulin concentrations in man. 
Diabetologia 1985 Jul;28(7):412-9. 

(246)  McAuley KA, Mann JI, Chase JG, Lotz TF, Shaw GM. Point: HOMA--
satisfactory for the time being: HOMA: the best bet for the simple 
determination of insulin sensitivity, until something better comes along. 
Diabetes Care 2007 Sep;30(9):2411-3. 

(247)  Langenberg C, Sharp SJ, Schulze MB, Rolandsson O, Overvad K, Forouhi 
NG, et al. Long-term risk of incident type 2 diabetes and measures of 
overall and regional obesity: the EPIC-InterAct case-cohort study. PLoS 
Med 2012;9(6):e1001230. 

(248)  Misra A, Vikram NK. Insulin resistance syndrome (metabolic syndrome) and 
obesity in Asian Indians: evidence and implications. Nutrition 2004 
May;20(5):482-91. 

(249)  Wisloff U, Najjar SM, Ellingsen O, Haram PM, Swoap S, Al Share Q, et al. 
Cardiovascular risk factors emerge after artificial selection for low 
aerobic capacity. Science 2005 Jan 21;307(5708):418-20. 

(250)  Ceaser TG, Fitzhugh EC, Thompson DL, Bassett DR, Jr. Association of 
physical activity, fitness, and race: NHANES 1999-2004. Med Sci Sports 
Exerc 2013 Feb;45(2):286-93. 

(251)  Bouchard C, Daw EW, Rice T, Perusse L, Gagnon J, Province MA, et al. 
Familial resemblance for VO2max in the sedentary state: the HERITAGE 
family study. Med Sci Sports Exerc 1998 Feb;30(2):252-8. 

(252)  Bouchard C, Lesage R, Lortie G, Simoneau JA, Hamel P, Boulay MR, et al. 
Aerobic performance in brothers, dizygotic and monozygotic twins. Med 

Sci Sports Exerc 1986 Dec;18(6):639-46. 

(253)  Herman WH, Cohen RM. Racial and ethnic differences in the relationship 
between HbA1c and blood glucose: implications for the diagnosis of 
diabetes. J Clin Endocrinol Metab 2012 Apr;97(4):1067-72. 

(254)  Bhopal R, Unwin N, White M, Yallop J, Walker L, Alberti KG, et al. 
Heterogeneity of coronary heart disease risk factors in Indian, Pakistani, 
Bangladeshi, and European origin populations: cross sectional study. BMJ 
1999 Jul 24;319(7204):215-20. 



 

162 

(255)  Lingvay I, Esser V, Legendre JL, Price AL, Wertz KM, Adams-Huet B, et al. 
Noninvasive quantification of pancreatic fat in humans. J Clin Endocrinol 
Metab 2009 Oct;94(10):4070-6. 

(256)  Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas R, Sheikh 
A, et al. Predicting cardiovascular risk in England and Wales: prospective 
derivation and validation of QRISK2. BMJ 2008 Jun 28;336(7659):1475-82. 

(257)  Simon A, Chironi G, Levenson J. Comparative performance of subclinical 
atherosclerosis tests in predicting coronary heart disease in asymptomatic 
individuals. Eur Heart J 2007 Dec;28(24):2967-71. 

(258)  Whincup PH, Nightingale CM, Owen CG, Rapala A, Bhowruth DJ, Prescott 
MH, et al. Ethnic differences in carotid intima-media thickness between 
UK children of black African-Caribbean and white European origin. Stroke 
2012 Jul;43(7):1747-54. 

(259)  Tillin T, Dhutia H, Chambers J, Malik I, Coady E, Mayet J, et al. South 

Asian men have different patterns of coronary artery disease when 
compared with European men. Int J Cardiol 2008 Oct 13;129(3):406-13. 

(260)  Koulaouzidis G, Nicoll R, Charisopoulou D, McArthur T, Jenkins PJ, Henein 
MY. Aggressive and diffuse coronary calcification in South Asian angina 
patients compared to Caucasians with similar risk factors. Int J Cardiol 
2012 Jun 15. 

(261)  Koulaouzidis G, Jenkins PJ, McArthur T. Comparison of coronary 
calcification among South Asians and Caucasians in the UK. Int J Cardiol 
2013 Mar 15. 

(262)  Barnett PA, Spence JD, Manuck SB, Jennings JR. Psychological stress and 
the progression of carotid artery disease. J Hypertens 1997 Jan;15(1):49-
55. 

(263)  Whincup PH, Nightingale CM, Owen CG, Rudnicka AR, Gibb I, McKay CM, 
et al. Early emergence of ethnic differences in type 2 diabetes precursors 
in the UK: the Child Heart and Health Study in England (CHASE Study). 
PLoS Med 2010 Apr;7(4):e1000263. 

(264)  Nightingale CM, Rudnicka AR, Owen CG, Wells JC, Sattar N, Cook DG, et 
al. Influence of Adiposity on Insulin Resistance and Glycemia Markers 

Among United Kingdom Children of South Asian, Black African-Caribbean, 
and White European Origin: Child Heart and Health Study in England. 
Diabetes Care 2013 Jan 11. 

(265)  Owen CG, Nightingale CM, Rudnicka AR, Sluijs EM, Ekelund U, Cook DG, et 
al. Travel to school and physical activity levels in 9-10 year-old UK 
children of different ethnic origin; Child Heart and Health Study in 
England (CHASE). PLoS ONE 2012;7(2):e30932. 

(266)  Jepson R, Harris FM, Bowes A, Robertson R, Avan G, Sheikh A. Physical 
activity in South Asians: an in-depth qualitative study to explore 
motivations and facilitators. PLoS ONE 2012;7(10):e45333. 



 

163 

(267)  McElduff P, Edwards R, Burns JA, Young RJ, Heller R, Long B, et al. 
Comparison of processes and intermediate outcomes between South Asian 
and European patients with diabetes in Blackburn, north-west England. 
Diabet Med 2005 Sep;22(9):1226-33. 

(268)  Verma A, Birger R, Bhatt H, Murray J, Millett C, Saxena S, et al. Ethnic 
disparities in diabetes management: a 10-year population-based repeated 
cross-sectional study in UK primary care. J Public Health (Oxf) 2010 
Jun;32(2):250-8. 

(269)  Negandhi PH, Ghouri N, Colhoun HM, Fischbacher CM, Lindsay RS, 
McKnight JA, et al. Ethnic differences in glycaemic control in people with 
type 2 diabetes mellitus living in Scotland. PLoS ONE 2013;8(12):e83292. 

(270)  Raymond NT, Varadhan L, Reynold DR, Bush K, Sankaranarayanan S, 
Bellary S, et al. Higher prevalence of retinopathy in diabetic patients of 
South Asian ethnicity compared with white Europeans in the community: a 

cross-sectional study. Diabetes Care 2009 Mar;32(3):410-5. 

(271)  Barwell ND, Malkova D, Moran CN, Cleland SJ, Packard CJ, Zammit VA, et 
al. Exercise training has greater effects on insulin sensitivity in daughters 
of patients with type 2 diabetes than in women with no family history of 
diabetes. Diabetologia 2008 Oct;51(10):1912-9. 

(272)  Peters MJ, Ghouri N, McKeigue P, Forouhi NG, Sattar N. Circulating IL-6 
concentrations and associated anthropometric and metabolic parameters 
in South Asian men and women in comparison to European whites. 
Cytokine 2013 Jan;61(1):29-32. 

(273)  Celis-Morales CA, Ghouri N, Bailey ME, Sattar N, Gill JM. Should physical 
activity recommendations be ethnicity-specific? Evidence from a cross-
sectional study of South Asian and European men. PLoS ONE 
2013;8(12):e82568. 

 
 

  



 

164 

Appendix A1 - VOLUNTEER INFORMATION LEAFLET 

(Version 2.1 12/5/10) 

 
A novel assessment of vascular disease and its association with insulin 
resistance, fitness and adiposity in South Asians 
 
Short Title: Carotid plaques, insulin resistance, fat and fitness in South Asians 
 
Lay title: Fatty deposits in the arteries in the necks of South Asians and their 
relation to blood sugar control, fitness and body fat  
 
Study Doctor: Dr Nazim Ghouri 
 
Other investigators: Prof Naveed Sattar (Principal Investigator, University of Glasgow), 

Dr Jason Gill, Dr Stuart Ballantyne, Prof Ian Ford  
 
You are being invited to take part in a research study.  Before you decide whether or not 
to take part, 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. 
 
 
What is the purpose of the study? 

Individuals of South Asian ancestry have higher heart disease risk but why this is so is not 
known. One theory suggests South Asians carry more fat but have less muscle size and 
this has never been explored.  We also do not know how best to assess heart disease risk 
in South Asians. This proposed study will measure thickening of arteries in the necks of 
South Asians by two different methods, good measures of heart disease risk, and relate 
this to a detailed look at their fat and muscle levels. If we are correct, this information will 
help reduce heart disease risk in South Asians.  
  
  

Why have I been chosen? 

You have been chosen because you are a healthy adult male aged between 40 and 70, 
with both parents of either European or South Asian (i.e. Indian, Pakistani, Bangladeshi or 
Sri Lankan) origin.  The study will compare the two different groups to establish whether 
there are differences in the thickness in the arteries if the neck and if there is any 
connection with the body’s ability to control sugar and the amount and location of body fat. 
We are excluding men who have angina or diabetes, or have had a previous heart attack, 
stroke, or mini-stroke (TIA), or have problems with their joints, muscles, limbs and 
breathing that would prevent them from going on a treadmill and exercising. We are also 
excluding anyone who is not allowed to have an MRI scan (cardiac pacemaker, aneurysm 
clip, artificial heart valve, ear (cochlear) implant, metal fragments in eyes, head or body or 
any procedure to remove metal, metallic Implant) 
 
 
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 are still free to withdraw at any time and without giving a reason. 
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What is my part in the study? 
If you agree to take part in the study and meet entry requirements then your participation 
will consist of 1 visit lasting around 3 hours and 1 further short visit for a an MRI scan of 
your abdomen. You will be paid £20 as a token of gratitude for your participation and we 
will arrange taxi journeys to and/or from the University if you require transport. 
 
 
What do I have to do? 
If you are happy with the information provided and agree to participate, you can attend 
directly for the main visit. If you have any questions or wish to discuss things before 
agreeing, we can discuss things via telephone, email or in person before attending for the 
main visit. 
 
You will be asked to report to the BHF Cardiovascular Research Centre to attend for the 
main visit (address at bottom of first page, map on last page). The fist part of the visit will 
take place here. The rest of the main visit will take place in the University’s purpose built 
exercise-testing facility in the neighbouring West Medical Building 
 
You will be asked to attend for the main visit after an overnight fast (not having had 
anything to eat or drink, except water, for at least 10 hours). It may, therefore be more 
convenient for you to arrange visits in the morning. We ask that you wear/bring a pair of 
shorts and other clothes and footwear you will find comfortable exercising in. 
 

 We will re-discuss with you the study and your involvement, and then help you 
complete confidential questionnaires regarding your health, family history, and 
diet.  We will also measure your blood pressure.  There will be an opportunity for 
you to ask questions. You will also complete a questionnaire to see if you are 
allowed to have an MRI scan. We will then take bloods from a vein in your 
forearm. We will take samples to check the function of your kidneys and liver, and 
measure glucose, insulin and fat levels and other markers related to 
cardiovascular disease. If you are agreeable, we will also store a sample of blood 
for any future analysis, including looking for genes associated with vascular 
disease and diabetes. We will take approximately 20-30 mls of blood (4-6 
teaspoons) for this. This will last around 45 minutes. You will then be offered 
breakfast. 

 

 The next part of this visit will involve you have an ultrasound scan of the arteries in 
your neck. This will take up to 45 minutes. This is a non-invasive pain-free scan 
and will involve some water-based jelly being put on your neck and a small probe 
will be placed over this area and images of your arteries will be taken and stored. 
These images will then be analysed later on to measure the thickness of the 
arteries and count any fatty deposits that may be seen.    

 

You will then be taken over to the West Medical building to complete the last parts of the 
main visit. Here you will have some simple body fat distribution measurements taken, sit 
in a special device (BodPod) to measure your body fat levels, and will then be put on a 
treadmill and made to exercise (walk/run) to your capacity. 
 

 The distribution of your body fat will be determined by measuring body girths and by 
using callipers to measure skin fold thickness at seven different sites on your arms, 
upper body and legs (a sophisticated version of "pinch an inch"). Your height, weight 
and waist and hip circumferences will also be recorded. You will need to wear only 
underclothing for these measurements which will be made in private.  These 
measurements only take a few minutes. 

 

 The BodPod is a computerized, egg-shaped chamber, in which the individual sits. 
The measurement will be done with you wearing a pair of shorts or surgical scrub 
trousers only (privacy provided). The measurement will take around 5 minutes, and 
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you will be expected to sit still for the measurement. This measurement will be able 
to tell us what proportion of your body is made up of fat and how much is ‘fat-free’.  

 

 The exercise treadmill test will be done to determine your fitness level i.e. how fit 
you are. You will have quick medical examination and a heart tracing (ECG) will be 
done to ensure your safe to have the test. The test will involve you initially walking 
on the treadmill at a fixed speed on the flat, and you will have self-adhesive 
electrodes attached to your chest to monitor how hard your heart is working 
(continuous ECGs).  The speed and slope will be gradually increased at fixed time 
intervals. You will have to walk faster and possibly run to keep up with the speed of 
the treadmill, and this will get progressively harder. The test will stop if you indicate 
that you can no longer keep up with the treadmill, or if your ECG shows changes 
that require the test to be stopped. You will also be wearing a mouth piece that will 
have a tube, to measure the amount of oxygen and carbon dioxide you are 
breathing in and out. As this test involves you exercising to maximal effort, you 
should wearing clothing and footwear you will feel comfortable exercising in. 

 

 You will then be asked to wear an accelometer (pager-like machine to sit on the 
waist) for one week to allow objective measurement of habitual physical activity 
and cardiorespiratory fitness. The accelerometer will be worn for the hours spent 
awake for the seven day period. The accelerometer is to be returned back to the 
University or picked up by study doctor (if practical) 

 

If we receive additional funding for this study, then you may be invited to attend for an MRI 
scan of your abdomen at Gartnavel Hospital. The scans would be arranged for a mutually 
convenient time.  

 

 For the MRI scan, you will be asked to wear a gown or you can bring a tracksuit 
(without zips) or pyjamas to change into. The MRI staff at the hospital will double 
check that you are safe to have the scan and take your consent. You will be asked 
to lie on a padded table that will slide you into the MRI scanner. The MRI scan is 
non-invasive and will capture images of your abdomen, particularly your liver. This 
scan will be able to tell us more specifically about any fat you may have in your 
liver and abdomen 

 
 
What are the possible disadvantages and risks of taking part? 

 Blood sampling may cause minor bruising, an inflammation of the vein or 
haematoma (a small accumulation of blood under the skin). Good practice, 
however, minimises this risk.  Some people may feel faint when they give blood. 

 

 The exercise tests will be at a maximal level and the possibility exists that, very 
occasionally, certain changes may occur during or shortly after the test. They 
include abnormal blood pressure, fainting or a change in the normal rhythm of the 
heartbeat.  At least two people will be present for all exercise tests (including the 
Study doctor) which will be undertaken in a room with all the necessary health and 
safety equipment. 

 

 The scan to measure the amount of fat in you liver will involve you lying still in a 
relatively confined space in the MRI scanner for 20-30 minutes. The scanner can 
be a bit noisy and some people who suffer from claustrophobia can find the 
confined space a bit unbearable. 

 

 There is a small possibility that taking part in this study will reveal a health problem 
that you already have such as high cholesterol, high blood pressure possible 
diabetes or angina.  If such a problem is revealed, with your permission, we will 
inform your GP to ensure that you receive appropriate treatment.  If necessary, a 
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clinical consultant physician (Professor Naveed Sattar) will supervise any follow-up 
care. Finally, if a condition such as diabetes is diagnosed, you may have to inform 
any insurance or mortgage companies you may take policies with in the future. 

 
 
What are the possible benefits of taking part? 

You will received a free health ‘MOT’ - the information gained during the study will allow 
us to give you detailed feedback about your blood pressure, cholesterol, blood sugar 
level, of “insulin resistance”, any fatty/thickness changes in the arteries of your neck, 
about your fitness levels and about your body fat. The knowledge gained from your 
participation may help develop screening tests that will help predict future risk of vascular 
disease in groups of people. Also, the knowledge gained will help guide future research 
investigating how to reduce this increased risk through lifestyle changes and may also 
help direct the development of new and drugs to prevent and treat groups at increased 
risk of vascular disease.  
 
 
What if something goes wrong? 
The chance of something going wrong is extremely small.  All of the procedures involved 
in this study are low risk. In the unlikely event that 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.  
The University of Glasgow has in force a Public Liability Policy and Clinical Trials Policy 
which provides cover for negligent harm that may arise from participation. Regardless of 
this, if you wish to complain, or have any concerns about any aspect of the way you have 
been approached or treated during the course of this study, the normal National Health 
Service complaints mechanisms may be available to you. 
 
 
Will my taking part in this study be kept confidential? 

All information which is collected about you during the course of the research will be kept 
strictly confidential and only be handled by the individuals listed above or any staff that 
work under their supervision.  Any information about you which leaves the University will 
have your name and address removed so that you cannot be recognised from it. 
 
 
Who is organising and funding the research? 

This study is mainly being funded by Chest, Heart and Stroke Scotland, a charity that 
provides care and support throughout Scotland for people affected by Stroke, Heart 
disease and lung disease, as well as their families and other carers. They fund research 
into all aspects of prevention, diagnosis, treatment, rehabilitation and the social impact of 
chest, heart and stroke illness.   
  
 

What will happen to my samples after the study has finished? 

The blood samples that you provide for this study may be useful for future research into 
the prevention and treatment of diabetes and heart disease; this may involve analysis of 
certain genes associated with these diseases. Any use of your samples in future research 
will require further approval from a Research Ethics Committee and samples will be 
analysed in such a way that the results will not be directly traceable to you.  If you do not 
wish your samples to be used in future research, please indicate this on the consent form. 
 
Who has reviewed the study? 

This study has been reviewed and approved by the West of Scotland (1) Research Ethics 
Committee. 
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Contact for Further Information 
You may ask any questions you like now or at any time about your rights as a participant 
in a research study or about the research study itself.  Dr Nazim Ghouri can be contacted 
by phone on 0141 3303076 or 07740782912 or e-mail n.ghouri@clinmed.gla.ac.uk, to 
discuss things or to meet in person.  

 
 
You will be given a copy of this information sheet and a signed consent form to 
keep for your records. 
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Volunteer Identification Number for this trial: 
 

CONSENT FORM 

 
Title of Project: A novel assessment of vascular 
disease, and its association with insulin resistance 
and adiposity in South Asians 
 
 Name of Researcher:_______________________________ 
 

   Please initial box 

 
1. I confirm that I have read and understand the 

information sheet dated 19th January 2010 for the above 
study and  

 have had the opportunity to ask questions. 
 
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. 
 
3. I agree to take part in the above study. 
 
 
 
4. I agree to my GP being informed of my participation in the study.  
 
 
 
5. I agree for my samples to be used for future research into the 

prevention and treatment of diabetes and heart disease.  This 
may involve analysis of genes associated with these 
diseases. 

 
 
      
           
Name of Patient Date Signature 

 
    
Name of Person taking consent  Date Signature 

(if different from researcher) 

 
   
Researcher Date Signature 

 
 

1 for patient; 1 for researcher. 

 

Yes  

No 
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Appendix A2 - HEALTH SCREEN FOR STUDY VOLUNTEERS 

(Version 1, 14/9/09) 

 

Name: ……………………………………………………… Date of Birth: …………. 
 

Both parents of South Asian origin (Indian, Pakistani,  

Bangladeshi or Sri Lankan)     yes [ ] no [ ] 

Both parents of European origin    yes [ ] no [ ] 

 

It is important that volunteers participating in research studies are currently in good health and have 

had no significant medical problems in the past.  This is to ensure (i) their own continuing well-

being and (ii) to avoid the possibility of individual health issues confounding study outcomes. 

 

Please complete this brief questionnaire to confirm fitness to participate: 

 

1. At present, do you have any health problem for which you are: 

(a) on medication, prescribed or otherwise  yes [ ] no [ ] 

(b)  attending your general practitioner    yes [ ] no [ ] 

(c) on a hospital waiting list    yes [ ] no [ ] 

2. In the past two years, have you had any illness which required you to: 

(a) consult your GP      yes [ ] no [ ] 

(b) attend a hospital outpatient department   yes [ ] no [ ] 

(c) be admitted to hospital      yes [ ] no [ ] 

 

3.   Have you ever had any of the following symptoms to a significant degree at rest or during 

exercise?  That is, have you had to consult a physician relating to any of the following? 

     Rest              Exercise 
(a)  Breathlessness  yes [ ] no [ ]  yes [ ] no [ ] 

(b)  Chest Pain  yes [ ] no [ ]   yes [ ] no [ ] 

(c)  Dizzy spells/Fainting yes [ ] no [ ]  yes [ ] no [ ] 

(d)  Diabetes  yes [ ] no [ ]   yes [ ] no [ ] 

(e)  Palpitations  yes [ ] no [ ]   yes [ ] no [ ] 

(f) Tightness in chest, jaw  

  or arm   yes [ ] no [ ]   yes [ ] no [ ] 

(g)  Other*   yes [ ] no [ ] 

 

*(Please specify) 

……………………………………………………………………..………………………. 
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4.    Do you have/or have had any muscle or joint injury which could affect your safety in 

performing exercise (e.g. cycling or running), strength testing or strength training?  
         yes [ ] no [ ] 
5. Have you ever had any of the following: 

(a) Convulsions/epilepsy     yes [ ] no [ ] 

(b) Asthma       yes [ ] no [ ] 

(c)  Eczema       yes [ ] no [ ] 

(d)  Diabetes      yes [ ] no [ ] 

(e) A blood disorder     yes [ ] no [ ] 

(g)  Digestive problems     yes [ ] no [ ] 

(h) Hearing problems     yes [ ] no [ ] 

(i) Disturbance of balance/co-ordination   yes [ ] no [ ] 

(j) Numbness in hands or feet    yes [ ] no [ ] 

(k) Disturbance of vision     yes [ ] no [ ] 

(l) Thyroid problems     yes [ ] no [ ] 

(m) Kidney or liver problems    yes [ ] no [ ] 

(n) Heart problems including murmurs   yes [ ] no [ ] 

(o) Any other health problems    yes [ ] no [ ] 

 (p) An allergy to soya protein or eggs   yes [ ] no [ ] 

 

6. Have any of your family (parents, grandparents, brothers, sisters, children, aunts, uncles, 

cousins) ever had any of the following: (if yes please give details below including age of first 

diagnosis if known) 

(a) Any heart problems     yes [ ] no [ ] 

(b) Diabetes      yes [ ] no [ ] 

(c)  Stroke       yes [ ] no [ ] 

(d)  Any other family illnesses    yes [ ] no [ ] 

 

7. Do you currently smoke     yes [ ] no [ ] 

 If yes, how many  < 10 per day  [      ] 10-20 per day  [     ] >20 per day  [     ] 

 If no, have you ever smoked    yes [ ] no [ ] 
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 If so, for how long did you smoke and when did you stop? …………………… 

 

8. How many units of alcohol do you typically drink in a week? …………………. 

 

If YES to any question, please describe briefly, including listing of current medication (e.g. to 

confirm whether problem was short-lived, insignificant or well controlled.) (Use a separate 

sheet if necessary) 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………...

…………….….……………………………………………………………………………………….

……………………………………………………………………………………………………...…

…………………………………..……………………………………………………………………

………………………………………………………………………………………………………

………………………………………………… 

 

Name and address of GP 

………………………………………………………………………………… 

     

…………………………………………………………………………………  

 

Signature:….…………………………………..   Date:……………….. 

 

 

Measurements 

 

Blood pressure  - Left arm (BEFORE MMode image RIGHT carotid)…………………..mm Hg  

 

Blood pressure  - Left arm (AFTER MMode image RIGHT carotid)…………………..mm Hg  
 

Blood pressure  - Left arm (BEFORE MMode image LEFT carotid)…………………..mm Hg  

 

Blood pressure  - Left arm (AFTER MMode image LEFT carotid)…………………..mm Hg  
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Appendix A3 - Food frequency questionnaire 
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Appendix A4 - Carotid ultrasound protocol 

Procedure  

 Switch the Acuson Sequoia on by pushing the button below the monitor on 
the left. 

To enter participant identifiers: 

a) Press Begin/End button in top left corner of control panel. 
b) Select “Start New Patient” on the soft key displayed on the base of the 

monitor. 
c) Enter subject initials from participant list in “Patient Name” field. 
d) Press “TAB” OR “Enter” to move to next field. 
e) Enter SA study number in “Patient ID” field. 
f) Leave “Study Type” as “SA study Trial”. 
g) Leave “Exam Preset” as “SA study Trial”. 
h) Enter date of birth. Age is calculated automatically. 
i) Enter sex (M for Male, F for Female). 
j) Enter sonographer ID number. 

1) Press “Begin Imaging” on the soft key displayed on the base of the monitor. 
2) Ensure subject is lying reclined and comfortably cushioned on the 

examination couch. 
3) Use wedge; ear-to-ear plane at 45 degrees to the horizontal; head turned to 

the contralateral side of scan. 
4) Apply ultrasound gel to neck. 
5) The left button on the screen scrolls through the examinations. Press 

“protocol” before pressing the left button on the screen to advance to the 

next stage of the examination. Each stage should be completed in turn: 
 

R_ICA_DOP: Doppler of right internal carotid artery: 

i) Use 4 cm depth setting (default). 
ii) Identify ICA. 
iii) Press “Cursor” key to position Doppler gate in entrance of ICA. 
iv) Press “Angle” knob and adjust angle to be parallel to blood flow.  
v) Press “PW” button. 
vi) Use trackball to adjust position to optimise trace. 
vii) Press “Gain/Frz/Run” to freeze image. 
viii) Rotate “Gain/Frz/Run” to scroll through strip if necessary, to obtain best 

available strip. 
ix) Press “Calipers On”. 
x) Use trackball to position caliper on peak of Doppler trace. 
xi) Double check that angle is set correctly. 
xii) Press “Image Store” to store image. 
xiii) N.B. If velocity is above 1.25m/s, note this and pass information to Kevin 

Deans as critical action limit. 
xiv) Press “Protocol” button and use left soft key to move to the next stage of 

the imaging protocol. 

RCCA_1:  

Identify the common carotid artery (CCA) region in RES4 (the arterial wall proximal 
to the dilatation), then: 

i) Press “RES” button. 
ii) RES (Regional expansion selection) 2 (2x2cm) box pops up. 
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iii) Move box to area of interest with trackball. 
iv) Press “RES” button again. 
v) Once real time image is satisfactory, press “Clip Store”. 
vi) Once clip has been stored, press “Gain/Frz/Run” to freeze image. 
vii) Rotate “Gain/Frz/Run” wheel to find optimal image where double line 

pattern is clearest. 
viii) To place a caliper mark: 

(1) Press “Calipers On” 
(2) Use trackball to move caliper to desired position. 
(3) On CCA image, place caliper mark at start of carotid bulb. 

ix) To store image, press “IMAGE STORE” 
x) Press “RES” again to leave “RES” mode. 
xi) Press “Protocol” button and use left soft key to move to next stage of 

protocol. 
 

RBUL_1:  

Identify the carotid bulb region in RES4 (the arterial wall between the 
dilatation and the flow divider), then image in RES2: 

i) Follow above procedure to store clip and image. 
ii) Place two caliper marks: one at start of the dilatation and one at level of 

flow divider. Left click (“Select” key) to anchor caliper. 
iii) Press “Protocol” button and use left soft key to move to next stage of 

protocol. 
 

RICA_1:  

Identify the right internal carotid (ICA) region in RES4 (the arterial wall distal 
to the flow divider) then image in RES2: 

i) Place caliper mark at level of flow divider. 
ii) Press “Protocol” button and use left soft key to move to next stage of 

protocol. 
 

R_MMODE:  

i) Take blood pressure using Omron sphygmomanometer. 
ii) Enter BP (SBP, DBP and HR) in relevant fields in laptop. 
iii) Return to right common carotid artery. 
iv) Press “RES” to magnify distal common carotid artery. 
v) Press “M-MODE”. 
vi) Use trackball to position M-line in B-mode part of the image. 
vii) When image is satisfactory, freeze image and rotate to find best image. 
viii) Store image in M-mode. 
ix) Repeat blood pressure measurement (using same arm throughout) and record 

in laptop. 
x) Press “Protocol” button and use left soft key to move to next stage of 

protocol. 

 
Repeat above steps for imaging the left carotid arterial wall segments: 

 

L_ICA_DOP: Left internal carotid artery Doppler 

i) Press “Protocol” button and use left soft key to move to next stage of 
protocol. 
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LCCA_1: Left common carotid artery, longitudinal section 

i) Place caliper mark at start of carotid bulb. 
ii) Press “Protocol” button and use left soft key to move to next stage of 

protocol. 
 

LBUL_1: Left carotid artery bulb, longitudinal section 

i) Place caliper marks at start of bulb and at level of flow divider. 
ii) Press “Protocol” button and use left soft key to move to next stage of 

protocol. 
 

LICA_1: Left internal carotid artery, longitudinal section 

i) Place caliper mark at level of flow divider. 
ii) Press “Protocol” button and use left soft key to move to next stage of 

protocol. 
 

L_MMODE:  

i) Take blood pressure using Omron sphygmomanometer and record SBP, DBP 
and HR values in laptop. 

ii) Return to left common carotid artery. 
iii) Press “RES” to magnify distal common carotid artery. 
iv) Press “M-MODE”. 
v) Use trackball to position M-line in B-mode part of the image. 
vi) When image is satisfactory, freeze image and rotate “Gain/Frz/Run” wheel 

to find best strip. 
vii) Store image in M-mode. 
viii) Repeat blood pressure measurement and record in laptop. 
ix) Press “Protocol” button and use left soft key to move to next stage of 

protocol. 

To review images: 

a) Press “REVIEW” 
b) Press “QUAD” button to alternate between viewing four images per screen or 

one image per screen. 
c) To delete any images, highlight image and press “DELETE”. 
d) A total of 16 images should be present (4 quad pages): 6 images, 6 clips, 2 

Dopplers and 2 M-modes. 

To end examination: 

a) Press “BEGIN/END” – returns user to demographic page. 
b) Press “START NEW PATIENT” soft key – closes examination and stores 

images on hard drive. 
c) Alternatively, press “STUDY/UTIL”. 

 

To copy studies to CD burner: 

a) Ensure other Acuson Sequoia instrument and switching device are both 
switched on. 

b) Insert blank CD-R into CD burner. 
c) Press “STUDY/UTIL” 
d) Select subjects to be copied to CD. Studies which have not been copied 

are highlighted with an asterisk. 



 

184 

e) Press “COPY to MDR”. 
f) Once studies have been copied to MDR, MDR display shows “Staging Files”. 
g) Press “Eject”. 
h) On ejecting CD, studies are burned to CD. 
i) Label CD with SA study study numbers and subject initials. 

 

Clean probe with Cutan wipes and T-spray cleaning solution only. 

To switch Acuson Sequoia off, push power switch. Do not unplug 

the instrument until the system has completely powered down 

and the screen is completely dark. 
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Appendix A5 – Carotid intima-media thickness-reader validation 
 

Table 1 Intra-reader reproducibility 

 
   Run (Mean of LCCA and RCCA, mm)    

Scan 1 2 3 4 5 6 7 8 9 10 Mean 
IMT 
(mm) 

Standard 
Deviation 

Coefficient 
Variance (%) 

1 0.548 0.535 0.521 0.562 0.5395 0.5315 0.534 0.5255 0.526 0.518 0.53405 0.013 2.3 
2 0.541 0.5425 0.554 0.52 0.519 0.508 0.523 0.5225 0.5255 0.535 0.52905 0.014 2.3 
3 0.4435 0.439 0.434 0.432 0.4495 0.438 0.4375 0.4415 0.434 0.379 0.4378 0.006 1.4 
4 0.651 0.65 0.6435 0.656 0.6175 0.6435 0.6295 0.6545 0.639 0.6435 0.6428 0.012 1.9 
5 0.385 0.3815 0.363 0.353 0.357 0.349 0.3645 0.339 0.334 0.3515 0.35775 0.016 4.6 
6 0.4975 0.496 0.475 0.482 0.4865 0.488 0.476 0.4875 0.481 0.469 0.48385 0.009 1.9 
7 0.4525 0.454 0.4535 0.441 0.456 0.4575 0.4535 0.438 0.4515 0.4495 0.4507 0.006 1.4 

8 0.555 0.5315 0.5515 0.5345 0.5375 0.512 0.5235 0.542 0.539 0.529 0.53555 0.013 2.4 
9 0.442 0.4515 0.429 0.4635 0.4755 0.45 0.455 0.433 0.4425 0.4455 0.44875 0.014 3.1 
10 0.5265 0.5265 0.516 0.501 0.4945 0.509 0.52 0.491 0.4925 0.4975 0.50745 0.014 2.8 
              

 

 

Table 2 Inter-reader reproducibility 
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Appendix A6 - Formulae for calculating predicted oxygen uptake (VO2pred) and 
additional speeds for gradient plateaux 

 
 

Speed equivalents 
 

4.5 km.h-1 = 75 m.min-1 

5.0 km.h-1 = 83.33 m.min-1 

5.5. km.h-1 = 91.67 m.min-1 

 
 

Calculating predicted oxygen uptake (VO2pred)  in ml.kg-1.min-1 when gradient 
increasing and speed fixed 
 

VO2pred = 3.5 + 0.1 x speed (m.min-1) + (gradient % x speed (m/min) x 1.8) 
 
 
Speed 4.5 km.h-1 

 
VO2pred   =  3.5 + 7.5   +  (gradient % x 75 x 1.8) 
  =  11     +  (gradient % x 135) 
 
 
Speed 5.0 km.h-1 

 
VO2pred   =  3.5 + 8.33   +  (gradient% x 83.33 x 1.8) 
  =  11.83    +  (gradient% x 150) 
 
 
Speed 5.5 km.hr-1 
 
VO2pred  =  3.5 + 9.17   +  (gradient% x 91.67 x 1.8) 

  =  12.67    +  (gradient% x 165) 
 

 
 

Calculating new speeds when maximum gradient attained 
 
 
Starting Speed 4.5 km.hr-1 
 
Gradient increment 2% 
 
Incremental ΔVO2pred = 2.7 ml.kg-1.min-1 
 
New speed using max gradient of 24% (km.hr-1) = predicted O2 uptake – 3.5 
                       8.87 
 
 
Gradient increment 2.5% 

 
Incremental ΔVO2pred = 3.4 ml.kg-1.min-1 
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New speed using max gradient of 25% (km.hr-1) =  predicted O2 uptake – 3.5 
                9.17 
 
 
Gradient increment 3% 
 
Incremental ΔVO2pred = 4-4.1 ml.kg-1.min-1 
 
New speed using max gradient of 24% (km.hr-1) =  predicted O2 uptake – 3.5 
                8.87 
 
 
Starting Speed 5.0 km.hr-1 
 

Gradient increment 2% 
 
Incremental ΔVO2pred = 3 ml.kg-1.min-1 
 
New speed using max gradient of 24% (km.hr-1) =  predicted O2 uptake – 3.5 
                8.87 
 
 
Gradient increment 2.5% 
 
ΔVO2pred = 3.7-3.8 ml.kg-1.min-1 
 
New speed using max gradient of 25% (km.hr-1) =  predicted O2 uptake – 3.5 
                9.17 
 
 
Gradient increment 3% 
 

Incremental ΔVO2pred = 4.5 ml.kg-1.min-1 
 
New speed using max gradient of 24% (km.hr-1) =  predicted O2 uptake – 3.5 
                8.87 
 
 
Starting Speed 5.5 km.hr-1 
 
Gradient increment 2% 
 
Incremental ΔVO2pred = 3.3 ml.kg-1.min-1 
New speed using max gradient of 24% (km.hr-1) =  predicted O2 uptake – 3.5 
                8.87 
 
Gradient increment 2.5% 
 
Incremental ΔVO2pred = 4.1 ml.kg-1.min-1 
 

New speed using max gradient of 25% (km.hr-1) =  predicted O2 uptake – 3.5 
                9.17 
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Gradient increment 3% 
 
Incremental ΔVO2pred = 4.9-5.0 ml.kg-1.min-1 
 
New speed using max gradient of 24% (km.hr-1) =  predicted O2 uptake– 3.5 
                8.87 
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Appendix A7 
 
 

Exercise test Protocols 1-9
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Protocol 1 - Predicted Oxygen Consumption (VO2pred) - 4.5 km/hr + 2% / 2min 
 

 

Speed (Km.hr-1) Gradient % Pred O2 uptake 

(ml.kg-1.min-1) 

4.5 0 11.0 

4.5 2 13.7 

4.5 4 16.4 

4.5 6 19.1 

4.5 8 21.8 

4.5 10 24.5 

4.5 12 27.2 

4.5 14 29.9 

4.5 16 32.6 

4.5 18 35.3 

4.5 20 38.0 

4.5 22 40.7 

4.5 24 43.4 

4.8 24 46.1 

5.1 24 48.8 
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Protocol 2 - Predicted Oxygen Consumption (VO2pred) - 4.5 km/hr + 2.5% / 
2min 
 

 

Speed (Km.hr-1) Gradient % Pred O2 uptake 

(ml.kg-1.min-1) 

4.5 0 11.0 

4.5 2.5 14.4 

4.5 5 17.8 

4.5 7.5 21.1 

4.5 10 24.5 

4.5 12.5 27.9 

4.5 15 31.3 

4.5 17.5 34.6 

4.5 20 38.0 

4.5 22.5 41.4 

4.5 25 44.8 

4.9 25 48.2 

5.2 25 51.6 

5.6 25 55.0 

6.0 25 58.4 
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 Protocol 3 - Predicted Oxygen Consumption (VO2pred) - 4.5 km/hr + 3% / 2min 
 

 

Speed (Km.hr-1) Gradient % Pred O2 uptake 

(ml.kg-1.min-1) 

4.5 0 11.0 

4.5 3 15.1 

4.5 6 19.1 

4.5 9 23.2 

4.5 12 27.2 

4.5 15 31.3 

4.5 18 35.3 

4.5 21 39.4 

4.5 24 43.4 

5.0 24 47.5 

5.4 24 51.5 

5.9 24 55.6 

6.3 24 59.6 
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 Protocol 4 - Predicted Oxygen Consumption (VO2pred) – 5.0 km/hr + 2% / 2min 
 

 

Speed (Km.hr-1) Gradient % Pred O2 uptake 

(ml.kg-1.min-1) 

5.0 0 11.8 

5.0 2 14.8 

5.0 4 17.8 

5.0 6 20.8 

5.0 8 23.8 

5.0 10 26.8 

5.0 12 29.8 

5.0 14 32.8 

5.0 16 35.8 

5.0 18 38.8 

5.0 20 41.8 

5.0 22 44.8 

5.0 24 47.8 

5.3 24 50.8 

5.7 24 53.8 
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Protocol 5 - Predicted Oxygen Consumption (VO2pred) - 5.0 km/hr + 2.5% / 
2min 
 

 

Speed (Km.hr-1) Gradient % Pred O2 uptake 

(ml.kg-1.min-1) 

5.0 0 11.8 

5.0 2.5 15.6 

5.0 5 19.3 

5.0 7.5 23.1 

5.0 10 26.8 

5.0 12.5 30.6 

5.0 15 34.3 

5.0 17.5 38.1 

5.0 20 41.8 

5.0 22.5 45.6 

5.0 25 49.3 

5.4 25 53.0 

5.8 25 56.7 

6.2 25 60.4 

6.6 25 64.1 
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Protocol 6 - Predicted Oxygen Consumption (VO2pred) - 5.0 km/hr + 3% / 2min 
 

 

Speed (Km.hr-1) Gradient % Pred O2 uptake 

(ml.kg-1.min-1) 

5.0 0 11.8 

5.0 3 16.3 

5.0 6 20.8 

5.0 9 25.3 

5.0 12 29.8 

5.0 15 34.3 

5.0 18 38.8 

5.0 21 43.3 

5.0 24 47.8 

5.5 24 52.3 

6.0 24 56.8 

6.5 24 61.3 

7.0 24 65.8 
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Protocol 7 - Predicted Oxygen Consumption (VO2pred) – 5.5 km/hr + 2% / 2min 
 

 

Speed (Km.hr-1) Gradient % Pred O2 uptake 

(ml.kg-1.min-1) 

5.5 0 12.7 

5.5 2 16.0 

5.5 4 19.3 

5.5 6 22.6 

5.5 8 25.9 

5.5 10 29.2 

5.5 12 32.5 

5.5 14 35.8 

5.5 16 39.1 

5.5 18 42.4 

5.5 20 45.7 

5.5 22 49.0 

5.5 24 52.3 

5.9 24 55.6 

6.2 24 58.9 

6.6 24 62.2 

7.0 24 65.5 
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Protocol 8 - Predicted Oxygen Consumption (VO2pred) - 5.5 km/hr + 2.5 % / 
2min 
 

 

Speed (Km.hr-1) Gradient % Pred O2 uptake 

(ml.kg-1.min-1) 

5.5 0 12.7 

5.5 2.5 16.8 

5.5 5 20.9 

5.5 7.5 25.0 

5.5 10 29.2 

5.5 12.5 33.3 

5.5 15 37.4 

5.5 17.5 41.5 

5.5 20 45.7 

5.5 22.5 49.8 

5.5 25 53.9 

5.9 25 58.0 

6.4 25 62.1 

6.8 25 66.2 

7.3 25 70.3 
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Protocol 9 - Predicted Oxygen Consumption (VO2pred) - 5.5 km/hr + 3% / 2min 
 

 

Speed (Km.hr-1) Gradient % Pred O2 uptake 

(ml.kg-1.min-1) 

5.5 0 12.7 

5.5 3 17.6 

5.5 6 22.6 

5.5 9 27.5 

5.5 12 32.5 

5.5 15 37.4 

5.5 18 42.4 

5.5 21 47.3 

5.5 24 52.3 

6.1 24 57.2 

6.6 24 62.2 

7.2 24 67.1 

7.7 24 72.1 

 

 
 



 

 

Appendix A8: Associations between HOMAIR and fasting glucose concentration with smoking status, alcohol consumption, years in 
education and SES.   
 

Predictor  
HOMA IR Fasting Glucose 

 
 Relative effect 

estimate (95% CI) 
p-value 

Relative effect 
estimate (95% CI) 

p-value 

Ethnicity  (European vs. South Asian)   1.67 (1.42, 1.96) <0.001 1.03 (1.01, 1.06) 0.017 

Years in Education  (per one year 
increase) 

 0.98 (0.96, 1.01) 0.191 1.00 (1.00, 1.01), 0.280 

SIMD Quintile (vs. 1st Quintile) 2 1.21 (0.82, 1.77) 0.334 1.01 (0.94, 1.08), 0.799 

 3 1.22 (0.85, 1.74) 0.279 1.02 (0.96, 1.08), 0.545 

 4 1.23 (0.87, 1.75) 0.238 0.98 (0.92, 1.04), 0.421 

 5 1.32 (0.95, 1.84) 0.100 1.01 (0.95, 1.07), 0.752 

   (0.569)  (0.322) 

Smoking Status (vs. non smoker) Ex-smoker 1.26 (1.02, 1.56) 0.030 1.03 (1.00, 1.07), 0.088 

 Current 1.02 (0.79, 1.31) 0.909 1.03 (0.99, 1.08), 0.144 

   (0.091)  (0.119) 

Alcohol Consumption (units per week) 
(vs. non-drinker) 

≤20 0.92 (0.68, 1.23) 0.561 1.01 (0.96, 1.07), 0.574 

 >21 0.86 (0.60, 1.22) 0.390 1.02 (0.96, 1.09), 0.476 

   (0.690)  (0.769) 

Values are presented with 95% confidence intervals (95% CI) and p values, with p values for the overall effect of categorical variables given in parenthesis. 


