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Abstract

Background and Purpose—UK black African-Caribbean adults have higher risks of stroke 

than white Europeans and have been shown to have increased carotid intima-media thickness 

(cIMT). We examined whether corresponding ethnic differences in cIMT were apparent in 

childhood and, if so, whether these could be explained by ethnic differences in cardiovascular 

risk markers.

Methods—We conducted a 2-stage survey of 939 children (208 white European, 240 

black African-Caribbean, 258 South Asian, 63 other Asian, 170 other ethnicity), who had a 

cardiovascular risk assessment and measurements of cIMT at mean ages of 9.8 and 10.8 years, 

respectively.

Results—Black African-Caribbean children had a higher cIMT than white Europeans (mean 

difference, 0.014 mm; 95% CI, 0.008-0.021 mm; P<0.0001). cIMT levels in South Asian and 

other Asian children were however similar to those of white Europeans. Among all children, 

cIMT was positively associated with age, systolic and diastolic blood pressure and inversely with 

combined skinfold thickness and serum triglyceride. Mean triglyceride was lower among black 

African-Caribbeans than white Europeans; blood pressure and skinfold thickness did not differ 

appreciably. However, adjustment for these risk factors had little effect on the cIMT difference 

between black African-Caribbeans and white Europeans.

Conclusions—UK black African-Caribbean children have higher cIMT levels in childhood; the 

difference is not explained by conventional cardiovascular risk markers. There may be important 

opportunities for early cardiovascular prevention, particularly in black African-Caribbean children. 

(Stroke. 2012;43:00-00.)
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Both in the United Kingdom and in the United States, adults of black African and black 

Caribbean origin have higher risks of stroke than whites of European origin. 1–3 Carotid 

intima-media thickness (cIMT) is a strong predictor of stroke and other cardiovascular 

diseases in healthy adults. 4–6 In population-based studies, black African-Caribbean adults 

have greater common cIMT than white Europeans, both in the United Kingdom 7 and in 
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the United States. 8–12 Higher blood pressure (BP) levels and an increased prevalence of 

hypertension among black African-Caribbeans appear to contribute both to increased stroke 

risk 13,14 and to increased cIMT. 10,11 Among UK South Asians adults, stroke risks are 

increased, but cIMT levels are similar to or lower than those in white Europeans. 15 

The origins of stroke may lie in childhood 16,17 or possibly in infancy or in utero. 17–20 

Differences in stroke and cardiovascular disease risk factors between black African-

Caribbeans and white Europeans have been reported in childhood and adolescence both 

in the United Kingdom 21 and in the United States. 22,23 However, information on cIMT 

levels in childhood in these populations is very limited 24,25 and the extent to which any 

ethnic differences in cIMT can be explained by differences in BP or other cardiovascular 

risk factors remains uncertain. We have therefore examined these issues in a study of the 

cardiovascular health in UK children of black African-Caribbean and white European origin; 

we also report on similar analyses in children of Asian origin.

Methods

This investigation was carried out within the Child Heart and Health Study in England 

(CHASE Study), a school-based survey of the cardiovascular health of British primary 

school children living in London, Leicester, and Birmingham. Full details of the study 

design have been reported elsewhere. 21 Ethical approval was obtained from the relevant 

Multicenter Research Ethics Committee. Informed written consent was obtained from 

parents or guardians at each stage of the investigation. The main study was based in a 

sample of 200 primary schools providing balanced numbers of children of South Asian 

origin (including Indians, Pakistanis, and Bangladeshis), black African-Caribbean origin 

(including black Africans and black Caribbeans), and white European origin. The present 

investigation was based in the 46 final schools, of which 43 (93%) allowed the CHASE 

Research Team to return to carry out cIMT measurements in pupils who had previously 

participated in the main cardiovascular risk factor survey.

Cardiovascular Risk Factor Assessment

A team of 3 trained research nurses and a support fieldworker carried out all measurements 

between June 2006 and February 2007. Participating children provided a blood sample 

after an overnight fast and had measurements of height, weight, and waist circumference. 

Right-sided skinfold thicknesses were measured in 4 sites (biceps, triceps, subscapular, 

suprailiac); analyses are based on the sum of the 4 measurements. Leg to arm bioimpedance 

was measured using the Bodystat 1500 bioimpedance monitor (Bodystat Ltd, Isle of 

Man, UK); fat mass was derived using equations derived specifically for children using 

dual energy x-ray absorptiometry validation 26 and presented as a fat mass index (fat 

mass/height 5 ), which was independent of height. Seated BP was measured twice in the 

right arm after 5 minutes rest using an Omron 907 BP recorder with an appropriately 

sized cuff; the average of the 2 measures was used. Pubertal status was measured in the 

girls using Tanner scales. 27 Objective physical activity measurements (described in detail 

elsewhere 28 ) were made with an Actigraph GT1M activity monitor (ActiGraph, Pensacola, 

FL), which children wore over the left hip for 7 days. Physical activity data (recorded at 
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5-second epochs) were downloaded and activity counts per minute were derived. Dietary 

nutrient intakes were recorded using a structured 24-hour recall method. 29 Participating 

children provided questionnaire information on parental and grandparental country of birth. 

The parent or guardian provided information on the ethnicity of both parents and that 

of the child (coded using a classification similar to the 2001 UK Census) and on their 

occupation, coded using the National Statistics Socioeconomic Classification. Participant 

ethnicity was defined using the ethnicity of both parents or the child; in 1% of cases 

in which parental information was not available, child information on place of birth of 

parents and grandparents was used to define ethnic origin. 21 All laboratory analyses were 

carried out blind to participant ethnicity. Analyses of HbA1c, glucose, and blood lipids were 

carried out in the Department of Clinical Biochemistry, Newcastle Hospitals National Health 

Service Trust, which received blood samples within 48 hours of collection. Glucose was 

measured in plasma using the hexokinase method. HbA1c was measured in whole blood 

by ion exchange high-performance liquid chromatography; HbA1c values were recalculated 

to adjust for abnormal hemoglobin variants or for increased amounts of normal variant 

fetal hemoglobin where present. Triglyceride and high-density lipoprotein cholesterol were 

measured in serum using an Olympus autoanalyzer. Serum, separated and frozen on dry ice 

after collection, was used for measurement of insulin (Department of Medicine, University 

of Newcastle, Newcastle, UK) using an enzyme-linked immunosorbent assay method, 

which does not crossreact with proinsulin and C-reactive protein, which was assayed by 

ultrasensitive nephelometry (Dade Behring, Milton Keynes, UK). The homeostasis model 

assessment model equations were used to provide an estimate of insulin resistance. 30 

cIMT Measurements

A single research team including 3 vascular technicians carried out all cIMT measurements 

between June 2007 and April 2008. Both the left and right common carotid arteries were 

imaged longitudinally 1 cm proximal to the carotid bifurcation following a standardized 

protocol and using a Zonare ultrasound scanner with a high-resolution probe (Zonare 

Medical System, Inc, Mountain View, CA). Images were focused on the posterior (far) wall 

of the artery and the zoom function was used to magnify the area. Ten-second cine loops 

were recorded in DICOM format and downloaded for offline analysis. Three end-diastolic 

frames were selected and analyzed for mean cIMT, defined as the interface between lumen-

intima and media-adventitia, for both right and left carotid arteries using an automated 

carotid analyzer (Carotid Analyzer, Iowa City, IA). The images were analyzed by 3 trained 

readers blinded to participant ethnicity; the mean of the left- and right-sided readings was 

used in analysis. However, separate analyses based on left- and right-sided measurements 

yielded essentially similar results.

Statistical Analysis

Statistical analyses were carried out using STATA/SE software (Stata/SE 10.1 for Windows; 

StataCorp LP, College Station, TX). cIMT was approximately normally distributed (Figure). 

Some markers of adiposity and cardiovascular risk were positively skewed and required 

log transformation when treated as outcome variables; these included ponderal index, fat 

mass index, waist circumference, insulin, triglyceride, and C-reactive protein. Sex and 

ethnic differences in these variables were examined as fixed effects using multilevel linear 
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regression models with school as a random effect to allow for the clustering of children 

within school. A similar approach was applied to define the absolute difference in cIMT 

for a 1-SD increase in each cardiovascular risk factor (log-transformed where appropriate) 

with preliminary examination of data to ensure that assumptions of linearity were robust. 

All analyses were adjusted for age (except age differences), sex (except sex differences), 

ethnicity (except ethnic differences), observer (physical measurements only), and month; all 

were fitted as fixed effects. Tests for interaction were used to examine whether associations 

between cardiovascular risk factors and cIMT differed by sex or ethnic group.

Results

Among 1409 pupils who had participated in the main CHASE Risk Factor Study in these 43 

schools, 939 (67%) participated and had complete cIMT measurements. Participation rates 

were similar among white Europeans, South Asians, and other Asians (72%, 72%, and 70%, 

respectively) but slightly lower among black African-Caribbeans and other ethnic groups 

(61% and 66%, respectively). The mean age of participants at the initial cardiovascular 

risk survey was 9.8 years and at the cIMT survey was 10.8 years; 47% of participants 

were boys. The demographic and cardiovascular risk factor characteristics of children in the 

cardiovascular risk factor survey who did and did not take part in the cIMT survey did not 

differ appreciably (data not presented).

Sex and Ethnic Differences in cIMT

The distribution of cIMT is summarized in the Figure and cIMT associations with sex 

and ethnicity in Table 1. There was considerable variation between individuals (SD 0.035 

mm, fifth centile 0.420 mm, 95th centile 0.535 mm); overall values were slightly higher in 

boys than girls. Black African-Caribbeans had a higher cIMT than white Europeans (mean 

difference, 0.014 mm; 95% CI, 0.008–0.021 mm; P<0.0001), whereas South Asian and other 

Asian children had cIMT levels similar to those of white Europeans. There were no marked 

differences in cIMT levels between black African and black Caribbean children or between 

South Asian children of Indian, Pakistani, or Bangladeshi origin (data not presented).

cIMT: Influence of Age, Body Build, and Cardiovascular Risk Factors

Levels of age, body build, and cardiovascular risk factors in the study population (means and 

SDs) and their associations with cIMT in the whole study population (adjusted for ethnic 

group) are shown in Table 2. Age, systolic and diastolic BP showed positive associations 

with cIMT. Physical activity (counts per minute) showed a weak positive association with 

cIMT at the margins of statistical significance. Sum of skinfolds and triglyceride level 

were inversely related to cIMT, although other adiposity measures (ponderal index, fat mass 

index) showed little association. Other blood lipids, insulin and insulin resistance, HbA1c, 

and C-reactive protein showed no consistent associations with cIMT. The association 

between triglyceride and cIMT was however attenuated after adjustment for adiposity 

(P=0.06). The associations observed in the whole study population for age, BP, adiposity 

markers, and triglyceride were similar in boys and girls and in children from different ethnic 

groups (all relevant tests for sex*risk factor interaction and ethnicity*risk factor interaction, 
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P>0.1). Childhood dietary intakes (macronutrient and micronutrient) showed no associations 

with cIMT (data not presented).

Ethnic Differences in Body Build and Cardiovascular Risk Factors: Contribution to Ethnic 
Differences in cIMT

Patterns of body build and cardiovascular risk factors in different ethnic groups are 

summarized in Table 3. Black African-Caribbeans were markedly taller and heavier, 

although adiposity measures (ponderal index, sum of skinfolds, and fat mass index), BP 

(both systolic and diastolic), and physical activity level were not appreciably different from 

those in white Europeans. They had lower total and low-density lipoprotein cholesterol 

and triglyceride, whereas their HbA1c, fasting insulin, and homeostasis model assessment 

insulin resistance were higher. South Asian children were lighter than white Europeans, 

had a lower ponderal index, systolic BP, and physical activity levels than white Europeans, 

whereas their HbA1c, fasting insulin, insulin resistance, triglyceride, and C-reactive protein 

levels were higher. Children of other Asian origins tended to have lower low-density 

lipoprotein cholesterol and physical activity levels and higher triglyceride and HbA1c levels. 

Children of other ethnicity had higher fasting insulin, insulin resistance, and C-reactive 

protein levels compared with white Europeans.

Ethnic differences in common carotid intima-media thickness were adjusted for ethnic 

differences in BP, adiposity, blood lipids and insulin resistance, and HbA1c (Table 4). 

The difference in cIMT between black African-Caribbeans and white Europeans was not 

materially affected by individual adjustments for BP, adiposity, blood lipids, glucose, and 

HbA1c; in combination, these factors reduced the differences by less than one fourth. 

Additional adjustments for physical activity levels (counts per minute), socioeconomic 

status, C-reactive protein, height, and childhood diet (both macronutrient and micronutrient 

intakes) made little additional difference (data not presented). Among South Asian and other 

Asian children (who showed no appreciable difference in cIMT from white Europeans), 

individual and combined adjustments for these risk factors had no impact on the patterns 

observed. The sex difference in cIMT was also not abolished by adjustment for these risk 

factors (data not presented).

Discussion

UK black African-Caribbean adults have higher stroke mortality rates 1 and higher levels of 

cIMT, 7 a strong predictor of stroke risk. 6 The present study extends these observations by 

reporting for the first time that cIMT levels are higher in black African-Caribbean children 

than in white European children at the end of the first decade of life. The study also provides 

novel large-scale information on the influence of cardiovascular risk factors on cIMT in 

childhood.

Relation to Earlier Studies

The results of this study are consistent with previous reports in showing appreciable 

variation between individuals in cIMT as early as 10 years of age. The overall average cIMT 

level observed in the present study (0.48 mm) is consistent with earlier studies of children 
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focusing on a similar mean age, which reported combined mean cIMTs between 0.42 mm 

and 0.48 mm. 31–33 The SD of cIMT in the present study (0.035 mm) is likewise similar to 

previous estimates in children of a similar age range (0.03–0.04 mm). 31,33 The pattern of 

sex differences, with slightly higher cIMT levels observed in boys than girls, is consistent 

with the findings of earlier studies both in children 25,33 and in adults. 34 In the present study, 

BP (both systolic and diastolic) was a major determinant of cIMT; this is consistent with 

previous reports of the determinants of cIMT in adults 35–37 and in children. 38,39 However, 

in the present study, low-density lipoprotein cholesterol was unrelated to childhood cIMT, 

whereas skinfold thickness and triglyceride levels were inversely related. Although earlier 

studies have suggested that both adult and childhood low-density lipoprotein cholesterol 

levels are associated with adult cIMT, 40–42 previous evidence for an association between 

low-density lipoprotein cholesterol and cIMT in childhood is primarily based on small 

studies comparing children with and without familial hypercholesterolemia, in whom 

low-density lipoprotein cholesterol differences are marked. 43–47 Our report is however 

consistent with earlier studies of healthy children in which no associations between total or 

low-density lipoprotein cholesterol and cIMT were observed. 25,33 The inverse association 

between triglyceride and childhood cIMT in the present study was markedly attenuated after 

adjustment for adiposity; the absence of an independent association between triglyceride 

and childhood cIMT is again consistent with earlier findings. 25 However, the present study 

is unusual in not observing a positive association between adiposity and childhood cIMT; 

most previous studies have reported that both marked obesity 48,49 and variation in adiposity 

in the healthy population 25 are associated with higher childhood cIMT. The reason for 

this difference is not clear, although the inverse association was only observed for skinfold 

thickness; there was no appreciable association between other adiposity markers (ponderal 

index and fat mass index) and cIMT. Although earlier small studies in selected populations 

suggested that C-reactive protein might be associated with increased cIMT, 31,32 the present, 

very much larger study shows little evidence of any association between C-reactive protein 

and cIMT. The higher cIMT levels observed in black African-Caribbeans compared with 

white Europeans are consistent with adult findings both in the United Kingdom 7 and the 

United States 4,5,50 and with 1 study in US children. 25 The difference in cIMT in the present 

study between black African-Caribbean and white European children (0.014 mm) is very 

similar to that reported in US children 25 and is approximately one third of the absolute 

difference in middle-aged adults. The failure of conventional cardiovascular risk factors 

(particularly BP) to explain black African-Caribbean differences in cIMT is consistent with 

previous reports in adults. 10,11 The absence of appreciable differences in cIMT among 

South Asians, other Asians, and white Europeans is consistent with the results of an earlier 

study of UK adults of South Asian and white European origin. 15 The results of other South 

Asian–white European comparisons of carotid IMT have been inconsistent, with higher 

levels in rural Indians than Australians 51 but lower levels in South Asian Canadians than 

Europeans. 52 

Strengths and Limitations

The strengths of the present, cross-sectional study include its size (sufficiently large to 

detect modest differences of 0.4 SD in risk markers between major ethnic groups) and its 

representation of black African-Caribbean children of both African and Caribbean origin 
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and South Asian children of Indian, Pakistani, and Bangladeshi origin drawn from 3 UK 

cities accounting for most black African-Caribbeans and South Asians living in the United 

Kingdom. Classification of ethnicity was based primarily on self-reported parental ethnicity, 

which agreed closely with ethnicity defined using other approaches, particularly parental 

and grandparental place of origin. Important potential limitations of the study include 

its cross-sectional nature, which does not allow us to conclude directly that the higher 

cIMT level observed in black African-Caribbean children will lead directly to higher adult 

stroke risk, and the moderate response rates (particularly among black African-Caribbeans). 

However, response rates were comparable with those of many previous studies; the similar 

characteristics of responders and nonresponders suggest that limited response rates are 

unlikely to have accounted for the risk marker patterns observed. Moreover, the patterns and 

determinants of cIMT observed in the present study are generally consistent with those of 

earlier population-based studies in children 25 with the exception of the inverse association 

observed between adiposity (particularly skinfold thickness) and cIMT.

Explanations for cIMT Patterns

The reasons for the higher cIMT levels among black African-Caribbean children remain 

uncertain. Although BP level was an important determinant of cIMT in the present study, 

neither this nor other established cardiovascular risk factors could account for the observed 

differences in cIMT between black African-Caribbeans and white Europeans. BP variability, 

increased in US black children 53 and which predicts stroke risk independently of BP 

level, 54 merits further study here. Physical activity, dietary factors, and low birth weight, 

all of which have been related to cIMT in childhood, or to aortic intima-media thickness in 

infancy, could be important. 55–57 In the present study, objectively measured physical activity 

levels were similar in black African-Caribbean and white European children, although 

lower in South Asians; these differences did not explain ethnic differences in cIMT. Black 

African-Caribbeans had markedly lower saturated fat intake and higher carbohydrate intake 

than white Europeans 29 ; these were however unrelated to cIMT level (data not presented). 

Factors operating before birth could be important. Delayed fetal growth and low birth 

weight are implicated in the development of cardiovascular risk 17 and related to aortic 

intima-media thickness in neonates. 56,57 However, in the UK population, South Asians 

rather than black African-Caribbeans have the lowest mean birth weight and the highest 

prevalence of low birth weight. 58 Maternal factors, particularly maternal cigarette smoking 

and low maternal energy intake, are associated with increased offspring cIMT 38,59 and need 

further exploration. Genetic factors could also be important, although their role remains 

uncertain. 24 The reason for the higher cIMT levels observed in boys remains unclear, 

although it does not appear to reflect sex differences in the risk factors measured in the 

present study (and reported in detail elsewhere 21 ); this finding is consistent with earlier 

reports. 25 

Implications for Stroke Risk and Prevention

Although the results of the present, cross-sectional study should be interpreted with care, 

the higher levels of cIMT in black African-Caribbean children suggest that it is possible 

that the higher stroke risks currently occurring in UK adult black African-Caribbeans 1 

will persist in the next adult generation. However, if the observed differences in childhood 

Whincup et al. Page 8

Stroke. Author manuscript; available in PMC 2022 February 02.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



cIMT were to persist into adult life at their present size, their impact on future overall 

stroke risk (based on the association between cIMT and cardiovascular disease risk reported 

in a systematic review of adults 6 ) would be modest. A mean cIMT difference of 0.014 

mm between black African-Caribbeans and white Europeans could represent an increase in 

overall stroke rate of 2.3% (based on the absolute intima-media thickness difference) or an 

increase of 11.7% (based on the SD difference). However, it is also possible that the size 

of the cIMT difference (and hence its effect on risk) would increase with age to approach 

(or even exceed) those currently observed in adults. The implications of the results for 

different stroke subtypes are difficult to assess conclusively. In the United Kingdom, the 

proportions of ischemic and hemorrhagic stroke are similar among white Europeans and 

black African-Caribbeans, although 1 ischemic subtype, lacunar stroke, is more prevalent 

in black African-Caribbeans. 60 Although higher cIMT is associated with increased risk of 

all stroke subtypes, the impact of raised cIMT may be slightly weaker for lacunar stroke 

than for other ischemic stroke subtypes. 61 However, until further evidence is available, it 

would be premature to conclude that the consequences of higher cIMT are less adverse for 

black African-Caribbeans than white Europeans. The sex difference in childhood cIMT, with 

boys having higher cIMT levels than girls, could play an important part in emerging sex 

differences in stroke risk. However, the impact would only be marked if the sex difference 

were to increase with age; the observed sex difference in cIMT (0.006 mm, less than half the 

size of the observed ethnic difference) would have only a modest effect on stroke risk. 6 

These results may be important for early stroke prevention in the next generation, both 

for individuals and for specific ethnic groups. The association between BP and cIMT 

suggests that BP levels in these children are sufficiently high to have adverse effects on 

the arterial vasculature. In adults, it has been shown that treatment with the BP-lowering 

calcium antagonist amlodipine reverses the age-related increase in cIMT. 62 Strategies for 

BP reduction in childhood, particularly based on population-wide non-pharmacological 

approaches, could help to prevent stroke and other cardiovascular disease in the longer term. 

Other studies have suggested that favorable changes in diet and physical health behavioral 

changes could have independent beneficial effects on childhood cIMT, 55 although these 

exposures showed little association with cIMT in the present study. Further understanding of 

the reasons for the early emergence of higher levels of cIMT in black African-Caribbeans 

could facilitate the development of effective strategies for early cardiovascular prevention, 

particularly in the UK black African-Caribbean population.

Conclusions

Childhood cIMT levels vary between individuals, are associated with BP, and are higher 

in children of black African-Caribbean origin than in white Europeans and South Asians. 

Strategies to reduce cIMT levels from childhood onward could help to reduce long-term 

risks of stroke and other cardiovascular disease, perhaps especially in black African-

Caribbeans.
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Figure. Distribution of carotid intima-media thickness.
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Table 1
Carotid IMT: Associations With Sex and Ethnicity

No. Mean Carotid IMT, mm (95% CI) P Value (difference)*

Boys 444 0.479 (0.475–0.483)

0.005Girls 495 0.473 (0.469–0.476)

White European 208 0.472 (0.467–0.477)

Black African-Caribbean 240 0.487 (0.482–0.492) <0.0001

South Asian 258 0.469 (0.463–0.474) 0.27

Asian other 63 0.476 (0.467–0.485) 0.45

Other 170 0.475 (0.470–0.481) 0.43

All means are adjusted for age group, sex (except by sex), ethnicity (except by ethnic group), month, and random effect for school.

IMT indicates intima-media thickness.

*
 P values compare differences between girls and boys and between white European children and children of each specific other ethnic group.
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Table 2
Associations Between Cardiometabolic Risk Factors and Carotid IMT

Anthropometry and Other Markers 
(N=939) Mean† SD†

Difference in IMT, mm, per SD Increase of 
Marker (95% CI)‡

P Value (difference)

Age, y 10.8 0.4 0.0024 (–0.0004 to 0.0052) 0.10

Height, cm 139.2 7.0 0.0011 (–0.0011 to 0.0034) 0.33

Weight, kg* 35.3 1.3 0.0002 (–0.0020 to 0.0025) 0.83

Ponderal Index, kg/m3 * 13.1 1.2 –0.0007 (–0.0029 to 0.0015) 0.54

Sum of skinfolds, mm* 41.7 1.6 –0.0026 (–0.0048 to –0.0004) 0.02

Fat mass index, kg/m5 * 1.9 1.5 –0.0019 (–0.0041 to 0.0003) 0.09

Systolic BP, mm Hg 104.4 10.6 0.0024 (0.0002–0.0046) 0.03

Diastolic BP, mm Hg 63.2 9.0 0.0027 (0.0005–0.0048) 0.01

Physical activity CPM§ 468.9 105.2 0.0030 (0.0000–0.0061) 0.05

Blood markers (N=831)

  Total cholesterol, mmol/L* 4.5 1.2 –0.0013 (–0.0036 to 0.0010) 0.27

  LDL cholesterol, mmol/L* 2.6 1.3 –0.0005 (–0.0029 to 0.0019) 0.67

  HDL cholesterol, mmol/L 1.5 0.3 0.0000 (–0.0024 to 0.0023) 0.97

  Triglyceride, mmol/L* 0.9 1.5 –0.0031 (–0.0055 to -0.0007) 0.01

  HbA1c, % 5.3 0.3 0.0000 (–0.0024 to 0.0023) 0.97

  Glucose, mmol/L 4.5 0.3 0.0012 (–0.0011 to 0.0036) 0.30

  Insulin, mU/L* 7.1 1.8 –0.0015 (–0.0039 to 0.0010) 0.24

  Insulin resistance* 0.9 1.8 –0.0010 (–0.0034 to 0.0014) 0.42

  C-reactive protein, mg/L* 0.5 3.7 –0.0015 (–0.0038 to 0.0008) 0.20

IMT indicates intima-media thickness; BP, blood pressure; CPM, counts per minute; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

*
Log-transformed variable.

†
Geometric means and geometric SD presented for log-transformed variable.

‡
Difference in IMT for SD (or log SD) for log-transformed variables adjusted for sex, age group, ethnicity, month, and random effect for school.

§
Analyses based on 728 subjects.
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Table 3
Anthropometry and Blood Markers in Children From Different Ethnic Groups

Anthropometry 
and Other 
Markers

White 
European 
(n=208) 
Mean 
(95% CI)

Black African-
Caribbean (n=240) South Asian (n=258) Asian Other (n = 63) Other (n=170)

Mean 
(95% 
CI)

P Value 
(difference)

Mean 
(95% 
CI)

P Value 
(difference)

Mean 
(95% 
CI)

P Value 
(difference)

Mean 
(95% CI)

P Value 
(difference)

Age, y
10.82 

(10.73–
10.91)

10.78 
(1 

0.69–1 
0.86)

0.15
10.79 

(10.70–
10.87)

0.28
10.83 

(10.72–
10.94)

0.90
10.81 

(10.72–
10.90)

0.70

Height, cm
138.2 

(137.2–
139.1)

142.3 
(141.4–
143.2)

<0.0001
137.1 

(136.1–
138.0)

0.09
138.9 

(137.1–
140.6)

0.50
139.3 

(138.26–
140.35)

0.11

Weight, kg*
35.0 

(33.9–
36.2)

37.7 
(36.6–
38.9)

<0.001
32.9 

(31.8–
34.0)

0.01
34.9 

(33.0–
37.0)

0.94 36.0(34.75–
37.31) 0.25

Ponderal Index, 

kg/m3 *
13.3 

(13.1–
13.6)

13.2 
(12.9–
13.4)

0.39
12.8 

(12.5–
13.1)

0.01
13.1 

(12.6–
13.6)

0.39 13.4(13.04–
13.68) 0.94

Sum of 

skinfolds, mm*
42.2 

(39.6–
45.1)

39.9 
(37.5–
42.5)

0.21
42.5 

(39.8–
45.3)

0.90
43.5 

(38.6–
49.0)

0.67
41.7 

(38.77–
44.81)

0.79

Fat mass index, 

kg/m5 *
1.89 

(1.78–
2.00)

1.87 
(1.77–
1.98)

0.86
1.89 

(1.78–
2.00)

0.99
1.87 

(1.69–
2.08)

0.92 1.97 (1.85–
2.10) 0.33

Systolic BP, mm 
Hg

105.1 
(103.6–
106.6)

104.8 
(103.3–
106.2)

0.73
102.5 

(100.9–
104.0)

0.01
105.5 

(102.8–
108.3)

0.77
105.7 

(104.03–
107.36)

0.59

Diastolic BP, 
mm Hg

63.2 
(62.0–
64.4)

63.6 
(62.5–
64.8)

0.62
62.7 

(61.5–
63.9)

0.55
64.2 

(61.9–
66.4)

0.47 62.8(61.48–
64.21) 0.70

Physical activity

— CPM†
483.0 

(467.8–
498.1)

492.4 
(477.8–
507.0)

0.30
436.3 

(419.4–
453.3)

<0.0001
428.4 

(404.1–
452.7)

<0.0001
489.4 

(472.3–
506.4)

0.53

Blood markers (n=195) (n=197) (n=229) (n=53) (n=157)

Total 
cholesterol, 

mmol/L*

4.57 
(4.46–
4.68)

4.32 
(4.22–
4.43)

0.001
4.51 

(4.41–
4.62)

0.50
4.37 

(4.17–
4.58)

0.09 4.51 (4.39–
4.63) 0.48

LDL cholesterol, 

mmol/L*
2.68 

(2.58–
2.78)

2.46 
(2.37–
2.55)

0.001
2.63 

(2.53–
2.73)

0.48
2.48 

(2.31–
2.66)

0.06 2.62(2.51–
2.72) 0.41

HDL 
cholesterol, 
mmol/L

1.58 
(1.54–
1.63)

1.55 
(1.51–
1.60)

0.31
1.52 

(1.47–
1.56)

0.04
1.51 

(1.43–
1.60)

0.15 1.55(1.50–
1.60) 0.29

Triglyceride, 

mmol/L*
0.82 

(0.78–
0.87)

0.75 
(0.71–
0.80)

0.02
0.96 

(0.90–
1.02)

<0.0001
0.93 

(0.84–
1.04)

0.03 0.87 (0.82–
0.93) 0.15

HbA1c, %
5.21 

(5.16–
5.26)

5.33 
(5.28–
5.38)

<0.001
5.36 

(5.30–
5.41)

<0.0001
5.31 

(5.22–
5.40)

0.07 5.27 (5.22–
5.33) 0.09

Glucose, 
mmol/L

4.45 
(4.40–
4.49)

4.47 
(4.42–
4.52)

0.51
4.50 

(4.45–
4.55)

0.13
4.41 

(4.32–
4.50)

0.53 4.46(4.41–
4.52) 0.61

Insulin, mU/L*
5.80 

(5.29–
6.36)

7.29 
(6.64–
7.99)

<0.001
8.11 

(7.37–
8.94)

<0.0001
6.66 

(5.65–
7.86)

0.13 7.51 (6.79–
8.29) <0.0001
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Anthropometry 
and Other 
Markers

White 
European 
(n=208) 
Mean 
(95% CI)

Black African-
Caribbean (n=240) South Asian (n=258) Asian Other (n = 63) Other (n=170)

Mean 
(95% 
CI)

P Value 
(difference)

Mean 
(95% 
CI)

P Value 
(difference)

Mean 
(95% 
CI)

P Value 
(difference)

Mean 
(95% CI)

P Value 
(difference)

Insulin 

resistance*
0.73 

(0.66–
0.79)

0.92 
(0.84–
1.01)

<0.0001
1.01 

(0.92–
1.11)

<0.0001
0.81 

(0.68–
0.95)

0.26 0.94(0.85–
1.04) <0.0001

C-reactive 

protein, mg/L*
0.46 

(0.39–
0.55)

0.52 
(0.43–
0.63)

0.36
0.63 

(0.53–
0.76)

0.02
0.49 

(0.34–
0.69)

0.78 0.60(0.49–
0.74) 0.06

Means and P values for differences are adjusted for sex, age group, ethnicity, month (bimonthly groups), and random effect for school. BP indicates 
blood pressure; CPM, counts per minute; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

*
Geometric means shown for log-transformed variables.

†
Analyses based on 728 subjects.
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Table 4
Ethnic Differences in Carotid IMT Showing the Effect of Adjustments for 
Cardiometabolic Risk Factors

Additional Adjustments (N=833)

Mean Difference in Carotid IMT, mm (95% CI)

Black African Caribbean–White 
European South Asian–White European Asian Other–White European

None 0.0163 (0.0095–0.0231) –0.0031 (–0.0100 to 0.0039) 0.0051 (–0.0056 to 0.0157)

Systolic and diastolic BP 0.0164 (0.0096–0.0232) -0.0028 (-0.0098 to 0.0041) 0.0049 (-0.0057 to 0.0156)

Adiposity (PI, sum of skinfolds, 
and FMI) 0.0162 (0.0094–0.0229) 0.0000 (–0.0071 to 0.0071) 0.0064 (–0.0042 to 0.0170)

Lipids (LDL and HDL cholesterol 
and triglyceride) 0.0154 (0.0085–0.0222) -0.0019 (–0.0089 to 0.0051) 0.0057 (–0.0050 to 0.0164)

Insulin and HbA1c 0.0170(0.0101–0.0239) –0.0023 (–0.0095 to 0.0048) 0.0053 (-0.0053 to 0.0160)

BP, adiposity, lipids, insulin, and 
HbA1c 0.0157(0.0087–0.0227) 0.0014 (–0.0059 to 0.0087) 0.0066 (–0.0041 to 0.0172)

Analyses adjusted for sex, age group, ethnicity, month, and random effect for school.

IMT indicates intima-media thickness; BP, blood pressure; PI, Ponderal Index; FMI, fat mass index; LDL, low-density lipoprotein; HDL, 
high-density lipoprotein.
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