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Abstract
Background—Anthropometric measures such as waist-hip-ratio (WHR), waist-height-ratio
(WHtR), waist circumference, Mid-upper arm circumference (MUAC), and upper thigh
circumference, have been linked to the risk of cardiovascular disease (CVD). However, their
relationships with subclinical atherosclerosis are unclear. Studies in normal-weight populations,
especially in Asian countries where leanness is prevalent, are lacking.

Methods—We conducted a cross-sectional study to assess the associations of WHR, WHtR,
waist circumference, hip circumference, body mass index (BMI), MUAC and upper thigh
circumference with carotid intima-media thickness (cIMT) among 562 middle-aged participants
free of CVD in rural Bangladesh.

Results—After adjusting for age and sex, WHR and waist circumference but not BMI showed a
positive significant association with cIMT. In multivariate analysis, each standard deviation (SD)
increase of WHR (0.08) or WHtR (0.07) was associated with an 8.96 μm (95% CI, 1.12–16.81) or
11.45 μm (95%CI, 0.86–22.04) difference in cIMT, respectively, after controlling for age, sex,
BMI, smoking status, education level, and systolic blood pressure (SBP). The associations of
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WHR and WHtR with cIMT were independent of the influence of other anthropometric measures.
The associations of other anthropometric measures and cIMT were not apparent.

Conclusions—In our relatively lean, healthy Asian population, WHR and WHtR appear to be
better predictors of early atherosclerosis than other common surrogates of adiposity.

INTRODUCTION
Obesity is an established risk factor for clinical cardiovascular diseases (CVD), but the
underlying mechanism remains unclear. Emerging clinical and epidemiological evidence
indicates that the distribution of adiposity plays an important role in CVD risk, independent
of the extent of general adiposity1. Several studies suggest that anthropometric measures of
abdominal adiposity, such as waist-hip-ratio (WHR) and waist circumference, are better
predictors of CVD risk than body mass index (BMI)2, the primary marker of general
adiposity.

Atherosclerosis, a leading cause of ischemic CVD, is a process that begins in childhood and
remains asymptomatic for decades before manifestation to clinical events at a later age3.
Epidemiological evidence has suggested that abdominal obesity accelerates atherosclerotic
progression, however, current evidence on the topic is limited and inconsistent2, 4.

Carotid intima-media thickness (cIMT), as measured noninvasively by ultrasonography5, is
a established marker for subclinical atherosclerosis as well as an independent predictor for
cardiovascular risk6. The reproducibility of cIMT and its validity as a surrogate for clinical
CVD endpoints have been documented in large population-based study7. A few studies have
examined the association between various anthropometric indices of obesity and cIMT8–12,
suggesting that atherosclerosis contributes to the pathologic pathway linking obesity and
CVD. However, most of the previous studies were conducted among mostly overweight or
obese adults or adolescents2, 13–16, limiting the interpretation of the findings. In addition,
previous evidence was derived from European and Western Caucasian populations, with
limited evidence from Asians and populations with a lower BMI12, 17. Studies on
anthropometric indices and cIMT may help the detection and prediction of subclinical
atherosclerosis and early CVDs associated with obesity in the developing world.

In the present study, we examined the association of several anthropometric indices of
obesity, including BMI, WHR, waist-height-ratio (WHtR), waist circumference, mid-upper
arm circumference (MUAC), and upper thigh circumference, with the levels of cIMT in a
relatively lean population in rural Bangladesh. The subjects included 562 individuals
randomly selected from a prospective cohort in Bangladesh. To our knowledge, this is the
first analysis of multiple anthropometric indices and cIMT within a lean population and
South Asians.

MATERIALS AND METHODS
Study population

The parent study, Health Effects of Arsenic Longitudinal Study (HEALS), is an ongoing
population-based prospective cohort study in Araihazar, Bangladesh18. Briefly, between
October 2000 and May 2002, 11,746 men and women (“original cohort”) were recruited
from a well-defined 25 km2 geographical area, under the criteria that all were married (to
reduce loss to follow-up), between 18–75 years old, and had resided in the study area for at
least 5 years. From 2006 to 2008, HEALS was expanded to include an additional 8,287
participants (“expansion cohort”) following the same methodologies. The overall response
rate was 97%. Study participants underwent baseline clinical assessment and structured
interviews. Informed consent was obtained from study participants; study procedures were
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approved by the Ethical Committee of the Bangladesh Medical Research Council and the
Institutional Review Boards of Columbia University and the University of Chicago.

Carotid IMT was measured between April 2010 and September 2011, as previously
described, as part of a previous study on urinary arsenic and IMT19. Briefly, a total of 1,500
participants were randomly selected from the overall cohorts. In total, IMT was measured
for 1,149 individuals, and 351 participants did not complete IMT measurements due to
deaths, move, serious illness, or time constraints. The distributions of demographic and
lifestyle in those with IMT measurements and in the overall cohort were very similar19.
Anthropometric measures including waist circumference, hip circumference, MUAC, and
upper thigh circumference were introduced in December 2010, 8 months after the beginning
of IMT measurement. A total of 597 participants had data on IMT measurements and
anthropometric measures. After excluding 35 participants with missing values on other
covariates of interest, a total of 562 participants were included in the present study. A
flowchart of subjects selection is shown in Figure 1. Comparison of baseline characteristics
(age, sex, education level, systolic blood pressure, smoking status and BMI) between the
total participants with IMT measurement and the 562 participants included in this study did
not show significant difference in sex, age, education level, smoking status, and age-
adjusted systolic blood pressure (SBP) (data not shown).

Measurement of carotid IMT
cIMT were measured with B-mode ultrasound using a SonoSite MicroMaxx ultrasound
machine (SonoSite, Inc., Bothell, WA) equipped with an L38e/10-5 MHz transducer by one
designated physician with extensive training in sonography throughout the study who was
blinded to participants’ arsenic exposure levels, as previously described20. Briefly, all
carotid imaging and IMT measurements were performed by a single physician who was
trained and certified to perform carotid ultrasound measurements according to the specific
ultrasound imaging and reading protocols developed, implemented and validated in the Oral
Infections and Vascular Disease Epidemiology Study (INVEST)21. Bilateral carotid arteries
were scanned in the common carotid artery (CCA), internal carotid artery and bifurcation, as
described22. The optimal angle of insonation was used to measure the CCA-IMT in the near
and far wall extending from 10mm distal to the flow divider and stopping at 20mm below
the flow divider. IMT measurements were analyzed offline with Matlab (Mathworks,
Natick, MA), which automatically calculated the distances between boundaries and
expressed the results as the mean and maximal value. Common carotid artery (CCA) IMT
has been demonstrated to be as effective as composite measurements, with measurement at a
single site also yielding greater ease of access and reliability of measurements. The literature
has documented that including near wall measures can reduce precision23. However, the
inclusion of near wall measures should not impact validity. In our data, the variation of the
summary measurement of IMT was actually reduced when near wall measures were
considered. The STD of cIMT was 0.09 mm with the inclusion of near wall measures,
compared with a STD of 0.11 mm without the the inclusion of near wall measures.
Therefore, we used the mean of the near and far walls of the maximum CCA IMT from the
both sides of the neck (mean of 4 measurements) as the main outcome variable, similar to
previous studies24–26 and consistent with our prior study19. Additional sensitivity analyses
for the main results were conducted using summary measure of cIMT excluding near wall
measures.

Anthropometric measurement
Waist and hip circumference were measured at the end of a normal expiration with arms
relaxed at the sides, directly over the skin or light clothing in standing position27. Waist
circumference was measured at the midpoint between the lower margin of the last palpable
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rib and the top of the iliac crest (hip bone). Hip circumference was measured with the metric
tape wrapped around the maximum circumference of the buttocks, with the participants
standing with their feet together with weight evenly distributed over both feet. Upper thigh
circumference was measured at the largest portion of the thigh with thigh muscles fully
relaxed directly over the skin or light clothes. To measure the MUAC, the subject’s right
arm was bent at the elbow at a 90° angle, with the upper arm held parallel to the side of the
body. The midpoint of the distance between the acromion and the olecranon process of the
elbow was marked. Then MUAC was measured with the metric tape around subject’s right
arm at the previously marked midpoint. All the measures were read to the nearest 1cm.
WHR and WHtR were calculated by dividing waist circumference by hip circumference and
height respectively.

Statistical analysis
Description of baseline characteristics and anthropometric measurement were given within
quartiles of cIMT; associations between these variables and cIMT were estimated by t-test
or Pearson correlation with cIMT as a continuous variable.

Because waist circumference, hip circumference, MUAC, and upper thigh circumference
were all highly correlated with BMI (r2 > 0.7), we investigated the association between each
anthropometric measure and cIMT using BMI-adjusted anthropometric measures in two-step
regression models. In the first step, each anthropometric measure (waist circumference for
instance) was regressed on BMI in a separate linear model, and the residuals were computed
for each observation. Residuals are, by definition, the portion of each anthropometric
measure (waist circumference for instance) that is uncorrelated with the independent
variable, BMI. In the second step, for each subject, we used the sum of the expected
anthropometric measure (waist circumference for instance) for the mean BMI in the
population and the residual for the subject as BMI-adjusted anthropometric measure (waist
circumference for instance) in the linear regression model for cIMT. The residual method
was adapted from energy adjustment techniques used within nutritional epidemiology28. For
comparison reason, main analyses were also done using original anthropometric indices with
BMI adjusted in the models instead.

Relationships between anthropometric indices and cIMT were examined by linear
regression. We estimated differences in IMT as well as their 95% CIs comparing subjects in
each higher quartile of a given anthropometric measure with those in the bottom quartile.
We first adjusted for age and sex, and in a separate model, we further included other
potential confounders such as education level, SBP, and BMI.

To assess whether the relationship between anthropometric measures and cIMT differed by
other risk factors of CVD, stratified analyses by age, sex and smoking status were
performed. In order to assess potential confounding of other anthropometric indices, we also
estimated regression coefficients for WHR and WHtR with simultaneous adjustment for
BMI-adjusted MUAC, BMI-adjusted upper thigh circumference, and BMI one at a time. All
the above analysis was done in Stata 12.0. Two-tailed (α = 0.05) tests of significance were
used.

RESULTS
Baseline characteristics, cIMT and anthropometric measurement are shown in Table 1. The
sample consisted of 562 participants, 205 men (36.5%) and 357 women (63.5%). The mean
age was 40.9 ± 9.1 with a minimum of 17 and maximum of 65 years. The education level
was low among this population, with a mean education length of 2.7 ± 3.6 years. By adult
BMI standards, this was a lean rural Asian population with a mean BMI of 21 kg/m2 despite
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a relatively high WHR with a mean of 0.91, suggesting excessive abdominal fat deposit.
Currently WHO recommends cut-off points of 0.9 and 0.85 of WHR for men and women29,
according to which 62.4% of men and 71.4% of women in this study could be classified as
abdominal obese. Across the four quartiles of cIMT, no obvious association was observed
between BMI or WHtR and cIMT. Age, SBP, waist circumference, WHR, and BMI-
adjusted waist circumference were positively associated with cIMT at a statistically
significant level.

Table 2 shows the coefficients of linear regression between anthropometric indices and
cIMT. In model 1 with age and sex adjusted, both BMI-adjusted waist circumference, WHR
and WHtR were positively related to cIMT. For each SD (6.68 cm) increase in BMI-
adjusted waist circumference, an average of 9.26μm difference in cIMT was observed (p <
0.05). Noticeably, the association of BMI-adjusted waist circumference as well as other
anthropometric indices was not significantly associated with cIMT in fully adjusted models.
An insignificant association between BMI and cIMT was observed in age-and-sex-adjusted
model, and this relationship was attenuated in the multivariable model. Results based on
original anthropometric indices without adjusting BMI using residual method) were shown
in Appendix Table 1. The results were similar and did not change the interpretation of the
data; however, caution should be taken as these results may be influenced by model
instability caused by collinearity. Sensitivity analyses were also conducted using the
summary measure of cIMT excluding near wall measures. However, the results were similar
and therefore were not shown.

To further examine the influence of other anthropometric measures on the relationship of
WHR and WHtR with cIMT, we controlled for BMI-adjusted MUAC, BMI-adjusted thigh
circumference alternatively, or BMI each at a time in the same model (Table 3). In the initial
model, each SD increase of WHR (0.08) and WHtR (0.07) were associated with an 8.96 μm
and 11.45 μm difference in cIMT, respectively. The estimates of the coefficients for WHR
amd WHtR remained similar with the control of any one of the other anthropometric
variables.

Results of stratified analysis for all the anthropometric indices in relation to cIMT according
to sex, smoking status, age, SBP level and BMI are shown in Figure 2. Generally, the
association patterns among the subgroups were similar to the overall pattern described in
Table 2. It is worthy of noting that higher levels of BMI-adjusted waist circumference,
WHR, WHtR and BMI-adjusted thigh circumference were associated with significantly
increased cIMT in the younger individuals, with stronger associations than those in the older
individuals, and the p-values for interaction with age were statistically significant for WHtR
and upper thigh circumference. BMI-adjusted waist circumference was positively associated
with cIMT in high BMI group only; in contrast, BMI-adjusted hip circumference was
inversely associated with cIMT only in low BMI group. In addition, WHR appeared to be a
better predictor of cIMT among women and never smokers, with a 10.32 μm (95% CI, 1.55–
19.1) and 16.60 μm (95% CI, 0.09–33.12) differences in cIMT for every SD increase in
WHR, respectively. Similarly, WHtR was positively related to cIMT in women and ever
smokers, with a 14.17 μm (95% CI, 0.91–27.42) and 32.14 μm (95% CI, 7.79–56.49)
differences in cIMT for each SD increase in WHtR, respectively. Interaction between WHtR
and smoking status in cIMT was statistically significant (p = 0.044).

DISCUSSION
Our study is one of the few studies evaluating the associations between anthropometry and
cIMT, a valid clinical surrogate for atherosclerosis. We observed linear associations of both
WHR and WHtR with cIMT, in this middle-aged, healthy and generally lean Asian
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population. The positive associations of WHR and WHtR with cIMT were stronger than
associations for other anthropometric measures, and were independent of their influence.

Our data indicates that WHR and WHtR may be particularly important risk factors than
other anthropometric measures for atherosclerosis in a relatively lean and healthy Asian
population. The findings are consistent with the notion that caution is recommended while
using BMI as a screening tool for detecting CVD risk, as abdominal adiposity may initiate
atherosclerotic progress preceding enough weight gain to make a difference in BMI. A large
European cohort study (EPIC) reported that the association between waist circumference
and WHR and the risk of death was stronger among participants with a lower BMI than
among those with a higher BMI30. WHtR has been more strongly associated with CVD risk
factors, especially among Asian populations31. There’s also evidence suggesting that Asian
Indians carry more fat, both total and in the abdominal region, for a given BMI than
Europeans32. It has been shown that Asian Indians have a higher risk of diabetes at a lower
BMI than white populations33. In our studies, other measurements such as MUAC and upper
thigh circumference were not significantly related to cIMT. Other studies that investigate the
relationship of MUAC and upper thigh circumference and cIMT were lacking. These
anthropometric measures have been related to the risk of heart disease34 and death35. It is
possible that mechanisms other than atherosclerosis underline the association of MUAC and
upper thigh circumference with CVD, although more studies are needed. Taken together, the
literature and our findings indicate a critical role of abdominal adiposity and atherosclerosis-
related outcomes in population with a normal or low BMI especially in South Asians.

Consistent with several studies conducted in different populations2, 9, 11, 16–17, our findings
suggested that fat distribution is predictive of atherosclerotic burden independent of the total
amount of body mass. In multivariable adjusted model, a 0.08 (SD) increase in WHR was
associated with an 8.96 μm increase in cIMT. Yan et al reported a 12 μm difference in cIMT
for a 0.06 (SD) increase in WHR in 1,578 middle-aged fire fighters free of clinical CVD in
Canada2, and Folsom et al found a 20 μm difference of cIMT in women and a 0.029 mm
difference in men for each SD unit increase of WHR (0.07) in a cross-sectional study of
blacks and whites aged 45–65 from US communities16. Evidence on association between
WHtR and cIMT is limited. A study of 71 women and 29 men in Ireland reported that
WHtR significantly correlated with cIMT in multivariate analysis36. Another study among
305 Spanish healthy, diabetics and hypertensive revealed that for every 0.1 point increase in
WHtR, cIMT increased 0.001 mm37. However, these populations were generally overweight
or obese, which made these findings less applicable to lean population.

We observed, though not statistically significant, a U-shaped association between BMI and
cIMT. This is also consistent with prior epidemiological findings which suggested a survival
benefit of overweight and moderate obesity in patients with existing chronic CVDs38. This
has been referred to as the “obesity paradox”, which postulates that body fat might provide
cardioprotective metabolic effects39 and benefits of higher metabolic reserves40. However,
we observed a linear trend rather than a U-shaped relationship of WHR and WHtR with
cIMT in the present study, with one possible explanation being that our population was
relatively young whereas previous evidence indicated that older people benefited more from
moderate adiposity39, 41. Another explanation is that while these studies focused on survival
outcome in CVD patients, which could be confounded by diverse risk factors; we targeted
on cIMT, a preclinical intermediate endpoint. Our study highlights the need of incorporating
easily accessed anthropometric measures such as WHR or WHtR while evaluating the
effects of obesity on CVD outcomes in future epidemiological studies in addition to BMI, as
BMI alone may be a poor index with respect to distinguishing between lean body mass and
body fat, or between central and peripheral adiposity.
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WHR has been linked to coronary heart disease (CHD) independently of BMI and other
conventional risk factors even in normal-weight or lean population42. The use of abdominal
obesity as an index superior to BMI for predicting risk of CHD has been validated in most
large prospective epidemiological studies1. Prospective studies found stronger associations
between WHR and WHtR with CVD risks compared to BMI or waist circumference in both
western and Asian populations43–44. Regional fat deposit shares the pathological pathway of
general obesity. Increased abdominal adiposity determined by a simple WHR is a strong
independent predictor of vascular endothelial dysfunction45. Reduced vascular smooth
muscle responsiveness to nitric oxide46, which is an impaired function observed in patients
with CHD and atherosclerosis47, has also been linked to abdominal fat accumulation.
Abdominal and visceral fat depot could also lead to proinflammatory profile, increased
plasma levels of C-reactive protein, dyslipidemia, insulin resistance and many other
metabolic syndrome factors that have been examined to promote atherosclerosis as well as
other cardiovascular events48.

Noticeably, we observed significant associations between waist circumference, WHR,
WHtR, and thigh circumference with cIMT in younger participants rather than older ones as
well as significant association between WHR, WHtR and cIMT in women only. Sex-specific
difference in the association has been reported in a previous study in Korea12, and
oppositely, they observed significant association within men only. This inconsistence may
be due to the use of different anthropometric measures (WHR vs. WC) in different studies as
well as potential racial and ethnic variability in susceptibility to abdominal fat accumulation
and requires confirmation in future studies. Several studies have shown that the association
between WHR and CVD risk is modifiable by age. The EPIC Norfolk cohort observed a
stronger association between WHR and CHD risk in men less than 65 years than in men of
at least 65 years but no age modification was noted in women1. In INTERHEART study, a
standardized case-control study with 27,098 participants in 52 countries, there was also a
stronger association between WHR and MI in younger individuals (men < 55 years, women
< 65 years)49. The Nurses’ Health Study also reported higher association between
abdominal obesity and CHD risk42 among women younger than 60 years. Taken together,
the data suggest that WHR and WHtR are predictors of CVD risks or early atherosclerosis
across different populations in the middle age, a critical time that modifications of lifetyles
may have greater impact.

Several strengths of this study should be mentioned. First of all, to the best of our
knowledge, this is the first investigation of the association between regional obesity and
preclinical atherosclerostic progression among normal-weight South Asians using multiple
anthropometric measures. A full consideration of these measures is critial, as abundent
evidence from epidemioloigcal studies suggests that fat distribution as well as different body
composition (fat vs. lean mass) may exert differing or even opposite efects on certain
disease outcomes. Second, we addressed the colinearity between anthropometric indices and
BMI with residual method, making our results more rubust with regard to the confouding
effect of general adiposity. Our study is subjected to the usual limitations of cross-sectional
studies, but the possibility of reverse causation was largely reduced as all the participants
were free of CVD conditions. We did not include metabolic indicators such as plasma lipids
and fasting insulin in the regression models as they were unavailable in this study. However,
we consider metabolic abnormalities as part of the pathological linkage between abdominal
obesity and arthrosclerosis, in other words, mediators that should not have controlled in the
analyses. Attenuated and non-significant associations after including metabolic factors have
been observed in previous study16, which further supports this notion. Also, as we used data
based on one-time measurement of cIMT and anthropometric measures, measurement
errors, likely non-differential, may have resulted in an underestimation of the true
association. Our study focused on cIMT only, however, evidence from the literature
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indicates consistent associations between anthropometric variables and IMT measures at
common carotid artery and carotid bifurcation and internal carotid artery12, and it also seems
cIMT is stronger correlated with conventional CV risk factors than aortic intima-media
thickness (aIMT) from young adulthood8. Despite that both WHR and waist circumference
provide information on intra-abdominal fat, they do not appear to well distinguish between
intra-abdominal and subcutaneous fat3, which have been shown to contribute differentially
to metabolic syndrome risk factors50. Lastly, although we controlled for risk factors for
CVD, like any epidemiologic studies, we can’t exclude the possibility of residual
confounding or unmeasured confounders. For instance, we did not measure physical
activity, which is inversely related to MUAC and upper thigh circumference as well as
cIMT, which may potentially lead to a negative confounding. However, evidence from other
studies, such as the Physicans’ Health Study, indicated that physical activity didn’t confound
the association between anthropometric indices such as WHtR and CVD risk. 44

In conclusion, our study provides evidence of a positive association of WHR and WHtR
with cIMT in a lean population in rural Bangladesh. Given that thinness is more prevalent in
Asian than in Western populations, and that CVD is a growing concern in Asian, WHR and
WHtR may be used as supplemental indices for redefining obesity and an alternative tool for
further refining discrimination of early atherosclerotic burden in normal-weight population..

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

Waist-hip-ratio (WHR) and Waist-height-ratio (WHtR) positively associated with
cIMT.

BMI, arm circumference, or thigh circumference was not associated with cIMT.

Associations of WHR and WHtR with cIMT were independent of other
anthropometrics.

WHR/WhtR may predict preclinical atherosclerosis in normal-weight Asians.
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Figure 1.
Flowchart of participant selection.
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Figure 2.
Stratified analysis of the associations between BMI-adjusted anthropometric indices and
cIMT by sex, smoking status, age, SBP and BMI*
*Model adjusted for age, education level, BMI (except when BMI was the main variable),
smoking status, and SBP level (stratifying variable were not included except for age);
coefficients and p values were calculated with anthropometric variable included as
continuous variable; p for interaction was calculated by adding an interaction term produced
by multiplying the corresponding anthropometric variable and stratifying variable
(dichotomous); SDs (standard deviation) are 6.68 cm, 4.65 cm, 4.04 cm, 2.01 cm, 0.08, 0.07,
4.56 kg/m2 for BMI-adjusted waist, hip, upper thigh, mid-arm circumferences, WHR,
WHtR and BMI, respectively.
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