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Abstract
We sought to determine which measures of adiposity can predict cardiovascular disease (CVD)
risk and to evaluate the extent to which overall and abdominal adiposity are associated with
cardio-metabolic risk factors among working adults in Ethiopia. This was a cross-sectional study
of 1,853 individuals (1,125 men, 728 women) in Addis Ababa, Ethiopia. The World Health
Organization STEPwise approach was used to collect sociodemographic data, anthropometric
measurements, and blood samples among study subjects. Fasting blood glucose (FBG) and lipid
concentrations were measured using standard approaches. Spearman's rank correlation, receiver
operating characteristic (ROC) curves, and logistic regression were employed to determine the
association and predictive ability (with respect to CVD risk factors) of four measures of adiposity:
body mass index (BMI), waist circumference (WC), waist-hip ratio (WHR), and waist–height ratio
(WHtR). Overall, FBG is best associated with WHtR in men and WC in women. Systolic blood
pressure most strongly associated with BMI in men, but with WC in women. Compared to those
with low BMI and low WC, the risk of having CVD is the highest for those with high BMI and
high WC and those with high WC and low BMI. Review of ROC curves indicated WC is the best
predictor of CVD risk among study subjects. Findings from our study underscore the feasibility
and face validity of using simple measures of central and overall adiposity in identifying CVD risk
in resource poor settings.
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Introduction
Cardiovascular diseases (CVDs) are the leading causes of morbidity and mortality
worldwide (1). According to the World Health Organization (WHO) Global Burden of
Disease report, approximately 17.1 million people died from CVDs (29% of all global
deaths) accounting for 31.5% of deaths for women, and 26.8% for men (1). As a result of an
epidemiological transition attributed to increased urbanization, westernization, and
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globalization, many sub-Saharan African countries are experiencing lifestyle and behavioral
changes in populations such as unhealthy diet, physical inactivity, and increased tobacco use
(2–8). These behavioral risk factors are responsible for substantial increases in the
prevalence of intermediate CVD risk factors including hypertension and obesity (9–11).

Measures of adiposity such as body mass index (BMI), waist circumference (WC), waist-hip
ratio (WHR), and waist-height ratio (WHtR) have been shown to correlate differently with
CVD risk (12–15). BMI is the most frequently used measure of adiposity in epidemiologic
studies (12). Some investigators have reported that using BMI alone is not the most accurate
measure of increased CVD risk; instead, other studies argued that WC and WHtR as better
predictors of future CVD risk (12, 15). Moreover, many studies have shown that various
thresholds for measures of adiposity vary among diverse ethnic groups due to differences in
energy balance and physical activities as well as to variance in body build (16–18). For
example, for the same level of body fat, age, and gender, BMIs of Ethiopians are 4.6 kg/m2

lower compared to Caucasians (19). Therefore, country and race/ethnicity specific
assessment of associations between measures of adiposity and CVD risk factors will be
necessary for prevention efforts.

Due to differences in CVD risk factors across racial/ethnic groups, there have been many
studies investigating the correlation between measures of obesity and CVDs among different
populations (16–20). Within two decades the prevalence of CVDs in Ethiopia has increased
dramatically. According to a cross-sectional survey conducted in the mid 1990s among 15 to
24-year old young adults in Addis Ababa, Ethiopia, only 0.7% of men and 6% of women
were obese, and 7.1% of the population had elevated blood pressure (21). However, in 2008
a community based study in Addis Ababa showed that 20% of men and 38% of women were
overweight and 10.8% of these women were obese. In addition, 31.5% of men and 28.9% of
women had high blood pressure which may represent a “silent epidemic” of CVDs in this
population (22). In this study, we sought to evaluate the extent to which different measures
of adiposity are associated with cardiovascular disease risk factors among working
Ethiopian adults.

Methods and Procedures
Study Design and Population

This study was conducted in Addis Ababa the capital city of Ethiopia during the months of
December 2009 and January 2010. Subjects were permanent employees of public schools
and the Commercial Bank of Ethiopia in Addis Ababa. Workplaces were selected based on
their high stability of workforce and willingness to participate in the study. Multistage
sampling was done by means of probability proportional to size (PPS) sampling (23). This
was performed for both institutions, and all individuals at selected locations were invited to
participate. The original study population consisted of 2,207 individuals. Subjects were
excluded due to missing laboratory information (n=227), missing anthropometric
information (n=22), pregnancy (n=21), taking anti-hypertensive medication (n=52), and
known diabetes (n=32). The final analyzed sample included 1,853 individuals (1,125 men
and 728 women).

This study was conducted in accordance with the WHO's Stepwise (STEPs) approach for
non-communicable disease (NCD) surveillance (24). This approach is characterized by the
use of questionnaires to gain information on risk factors (Step 1), simple physical
measurements (Step 2), and biochemical measurements (Step 3) (24).
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Data Collection
This study employed the STEPs questionnaire which was developed specifically for NCD
risk factor surveillance. The STEPs questionnaire was supplemented with additional
questions to better appropriately reflect the context of Ethiopia. The questionnaire was used
to obtain data regarding the general socio-demographic composition of the population by
asking age, gender, and education level. Questions were included regarding behavioral risk
factors such as tobacco, alcohol, physical inactivity, and khat consumption (a natural
stimulant with amphetamine-like effects commonly used for social recreation in Ethiopia)
(25). The questionnaire was originally written in English, translated into Amharic, and back
to English by experts, and was tested prior to use. Prior to the start of the study, research
interviewers and experienced research nurses were trained for five days on the contents of
the questionnaire, ethical conduct of human subjects research, and data collection
techniques. All study participants provided informed consent and all research protocols were
approved by the Institutional Review Boards of Addis Continental Institute of Public Health,
Addis Ababa, Ethiopia and the Human Subjects Division at the University of Washington,
USA.

Measures of Adiposity
Four different measures of adiposity were analyzed (BMI, WC, WHR, and WHtR). Weight
was measured with a solar powered scale which was accurate to 100 grams (Model 871,
Seca, Germany). Height was measured with an adjustable wooden measuring board which
was accurate to 0.1 cm (24). Waist circumference measurements were performed with a
fixed tension tape, at the midpoint between the lower margin of the last palpable rib and the
top of the iliac crest (24). This was done in a private place over light clothing. Hip
circumference measurements were conducted in a similar manner, at the maximum
circumference of the buttocks. To ensure the consistency among all anthropometric
measures, only nurses who had high rates of agreement (<0.8 Cronbach's alpha) with the
gold standard (a research physician) were used to collect anthropometric and clinical data.

Cardiovascular Risk Factors
Blood pressure was digitally measured (Microlife BP A50, Microlife AG, Switzerland) after
individuals had been resting for 5 minutes. Two additional blood pressure measurements
were taken with three minutes elapsing between successive measurements. In accordance
with the WHO recommendation the mean systolic and diastolic BP from the second and
third measurements were considered for analyses. For the collection of blood samples,
individuals were advised to skip meals for 12 hours. Blood samples of 12 mL were obtained,
using proper sanitation and infection prevention techniques. The collected aliquots of blood
were used to determine participants' fasting blood glucose concentrations and lipid profiles.
Blood serum was used for the measurement of triglycerides (TG), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
glucose concentrations. These were measured at the International clinical laboratory (ICL)
in Addis Ababa, Ethiopia. TG concentrations were determined by standardized enzymatic
procedures using glycerol phosphate oxidase assay. HDL-C was measured using the Ultra
HDL assay which is a homogeneous method for directly measuring HDL-C concentrations
in serum or plasma without the need for off-line pretreatment or centrifugation steps.
Participants' fasting serum glucose (FSG) was determined using the standardized glucose
oxidase method. All laboratory assays were completed without knowledge of participants'
medical history. Lipid, lipoprotein and FSG concentrations were reported as mg-dL−1.
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Analytical Variable Specification
Different thresholds of BMI were set in accordance with WHO protocol (lean: < 18.5 kg/m2;
normal: 18.5–24.9 kg/m2; overweight: 25.0–29.9 kg/m2; obese ≥30 kg/m2). Several
variables were defined as per the International Diabetes Federation (IDF) criteria (26).
Abdominal obesity was defined as having a waist circumference of ≥94 cm for men and ≥80
cm for women. Low HDL-C was defined to be <40mg/dl in men and < 50mg/dl in women.
Elevated blood pressure was defined as a systolic BP of ≥135mmHg or a diastolic pressure
≥85 mmHg. Elevated fasting blood glucose (FBG) was defined to be ≥100 mg/dL (5.6
mmol/L) or with a previous history of diabetes. Elevated TG was defined as ≥150 mg/dl.
Metabolic syndrome (MetS) was defined in accordance with the IDF as presence of
abdominal obesity and presence of two or more MetS components described above (26).
Alcohol consumption was classified into low consumption (< 1 alcoholic beverage a week),
moderate consumption (1–21 alcoholic beverages a week) and high to excessive
consumption (> 21 alcoholic beverages a week) according to the WHO specification (27).

Statistical Methods
Frequency distributions of socio-demographic characteristics of the study population were
determined by performing cross-tabulations of a variety of variables across gender and were
expressed in percentage (%). Continuous variables were expressed as mean ± standard error
of mean values. For skewed variables median ± interquartile range were provided. Chi-
Square tests were used to evaluate the differences in the distribution of categorical variables
for study groups. Student's T-tests were used to evaluate differences in mean values for
study groups. Spearman's rank correlation coefficients were calculated between
anthropometric measurements (BMI, WC, WHR, and WHtR) and CVD risk factors (fasting
blood glucose, triglyceride concentrations, HDL-C concentrations, systolic BP and diastolic
BP). Spearman correlation coefficients were used as they are based on non-parametric
statistic and don't require a normally distributed population (28). Binary logistic regression
procedures were performed to evaluate the independent and combined association of BMI
and WC on risk of MetS components. For these analyses, subjects were classified as
follows: (a) low BMI and low WC, (b) low BMI and high WC, (c) high BMI and low WC,
and (d) high BMI and high WC. Subject with low BMI and low WC comprised the reference
group for these analyses. Odds ratios (OR) and 95% confidence intervals (95% CI) were
calculated. Assessment of confounders was performed by entering potential covariates such
as age, place of work, smoking status, and alcohol consumption into a logistic regression
model one at a time and by comparing the adjusted (aOR) and unadjusted ORs. Final
logistic regression models included covariates that altered unadjusted ORs by at least 10%
(29). Receiver Operating Characteristic (ROC) curves with Area Under Curve (AUC) and
95% confidence intervals were generated for BMI, WC, WHR, and WHtR as predictors of
the MetS components. All data analyses were performed using PASW (version 18, SPSS
Inc, Chicago, IL, USA). All reported p-values are two tailed and significance was set at
0.05.

Results
Socio-demographic and lifestyle characteristics of the study population are provided in
Table 1. Overall men and women are similar with regards to their age distribution (mean age
= 35.3 years) and religious affiliation. Men are more likely to be smokers, with moderate to
high alcohol consumption and to report khat chewing. In contrast, women are less likely to
have higher education, more likely to self report poor health status and tend to be
overweight or obese. Gender-specific Spearman rank correlation coefficients for different
measures of adiposity and cardiovascular disease risk factors are presented in Table 2.
Overall, among men, FBG (r=0.187) is most associated with WHtR. In addition, SBP
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(r=0.400) is most strongly associated with BMI whereas DBP (r=0.412) is with WC. Among
women, WC has strongest association with FBG (r=0.279) and SBP (r=0.410) while WHtR
is most strongly associated with DBP.

Table 3 shows gender-specific distribution of CVD risk factors in relation to tertiles of
different adiposity measures. For both genders, MetS components-elevated FBG, elevated
TG, reduced HDL-C, and elevated BP- show increased trends across consecutive tertiles for
each measure of adiposity.

We next evaluated cardiovascular risk factors in relation to combinations combined
measures of overall (BMI) and central obesity (WC). After adjusting for confounding
factors, compared to men with low BMI and low WC (reference group), men with low BMI
and high WC have a 2.16-fold (aOR=2.16, 95% CI: 1.24–3.75) high odds of having elevated
TG (Table 4a). The odds of having elevated TG are higher for men with high BMI and low
WC (aOR=2.75, 95% CI: 1.67–4.53) and those with high BMI and high WC (aOR=3.48,
95% CI: 2.44–4.97). Men with low BMI and high WC have an increased odds of reduced
HDL (aOR=2.21; 95% CI: 1.14–4.30) as compared with low BMI and low WC. The odds of
reduced HDL are similar for men with high BMI and low WC (aOR=1.62; 95% CI: 0.85–
3.07) and those with high BMI and high WC (aOR=1.54; 95% CI: 0.94–2.52), although
statistical significance is not achieved. After adjusting for confounding variables, compared
to reference group, men with low BMI and high WC have a 1.53-fold increased odds of
elevated BP (aOR=1.53; 95% CI: 0.88–2.64). Similarly, men with high BMI and low WC
and those with high BMI and high WC have higher odds of elevated BP (aOR=1.48; 95%
CI: 1.07–2.03 and aOR= 2.54; 95% CI: 1.78–3.62 respectively). Similar increased odds
were observed for elevated FBG although statistical significance is observed only for those
with high BMI and low WC (aOR=2.30; 95% CI: 1.40–3.79).

Among women compared with the reference group, those with low BMI and high WC have
1.89-fold increased odds of elevated TG (aOR=1.89, 95% CI: 0.91–3.95) (Table 4b). The
odds of having elevated TG is the highest for those with high BMI and high WC (aOR=2.85;
95% CI: 1.51–5.39). Likewise, women with low BMI and high WC as well as those with
high BMI and high WC had increased odds of having reduced HDL (aOR=2.15; 95% CI:
1.35–3.41 and aOR=2.39; 95% CI: 1.56–3.65) as compared with low BMI and low WC.
Similar increased trends of ORs were observed for elevated BP, although statistical
significance is observed only for those with high BMI and high WC (aOR=2.16; 95% CI:
1.32–3.56). However, statistical significance is not observed for associations of all three
measures of adiposity with elevated FBG.

Review of ROC curves (Figure 1) reveals that WC (AUC=70%; 95% CI: 67–73%), and
WHR (AUC=70%; 95% CI: 66–73%) perform best in identifying risk of elevated BP among
men. On the other hand, WHR (AUC=60%; 95% CI: 57–64%) and WHtR (AUC=60%; 95%
CI: 56–64%) are better predictors than other measures of adiposity for elevated FBG.
Among women, ROC curves (Figure 2) show that WC (AUC=73%, 95% CI: 69–77%)
performs best in identifying risk of elevated BP. For elevated FBG, WC (AUC=62%; 95%
CI: 57–67%) was a better predictor than other measures of adiposity.

Discussion
The results of the study show that FBG is most strongly associated with WHtR among men
and WC among women. SBP is most strongly associated with BMI among men and WC
among women. DBP is mostly closely correlated with WC among men but with WHtR
among women. Compared to those with low BMI and low WC, the risk of having CVD is
highest for those with high BMI and high WC and those with high WC and low BMI.
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Moreover, WC was found to be equally as good as the more complex measures in predicting
CVD risk and can be well applied in relatively resource-poor settings.

Investigators have reported that BMI does not accurately reflect the degree of body fat and
body fat distribution (30–31). Instead, WC has been advocated as a better indicator of
abdominal fat (31). There is a large body of evidence that suggests abdominal fat
distribution (measured by WC) may be more closely tied to metabolic risks than BMI (32–
33). To this effect, the U.S. National Institutes of Health (NIH) has recommended combined
measurements of WC and BMI as an assessment tool for CVD risk (34). Du et al in their
study among Chinese adults reported increased odds of CVD risk with increased WC and
BMI (30). Recently, Arden et al evaluated the risk of metabolic syndrome and its associated
components among Canadian adults using the NIH BMI/WC guidelines (32). The odds of
MetS are elevated among overweight (OR, 1.85; 95%CI: 1.02–3.35) and obese (OR, 2.35;
95%CI: 1.25–4.42) women with a high WC compared with overweight and obese women
with a low WC, respectively (32). Moreover, Zhu et al in the U.S suggested that combined
assessment of BMI and WC is more strongly related to CVD risk than BMI or WC alone in
white men (35). However, Lee et al in their meta-analysis found that the combination of
BMI with other measures of adiposity including WC does not increase the discriminatory
capacity of predicting CVD risk (15). Differences across studies may be attributed to
variations in population characteristics, sampling strategies, methods of data collection, and
differences in operational definitions of characteristics. Our study findings are in agreement
with those reported by others (32, 35). After adjusting for potential confounders, in both
genders, compared with the high BMI and low WC group, those with high BMI and high
WC group have higher aORs for each metabolic component (aOR range 1.33–3.48).
Notably, among women, risk for each MetS component is higher in low BMI and high WC
group than in high BMI and low WC group suggesting using BMI alone as a measure of
CVD risk assessment may not be sufficient.

A number of studies have evaluated the association between CVD risk and measures of
central and overall adiposity among diverse ethnic groups (16–19). However, there is no
consensus as to which measure of adiposity best predicts CVD risk. Although BMI is widely
used to evaluate obesity and risk of CVD, there have been many studies suggesting that
other measures of adiposity such as WC, WHR, and WHtR are superior measures compared
to BMI in predicting CVD risk (12–15). Paniagua et al observed that among Thai men,
WHR (AUC = 65–69%) performed slightly better than other measures in identifying
differences in CVD risk factors while among women, BMI (AUC = 68–75%) performed as
well as, or better than, other adiposity measures in predicting all CVD risk factors (36). Lin
et al in their study among Taiwanese adults reported WHtR as a better indicator in
determining CVD risks (among men: AUC= 70% and among women: AUC = 76%) (37).
However, Esmaillzadeh et al in their study of Iranian adults in Tehran reported that WHR
was the best measure of adiposity in predicting CVD risk for men, while WC was best for
predicting CVD in women (38–39). In our study, among the four measures of adiposity,
WHtR and WHR are most strongly and consistently associated with MetS components
among men although WC is also the best predictor for elevated BP. On the other hand, with
the exception of reduced HDL-C, WC is most strongly and consistently associated with
MetS components among women. Although BMI has been the most common measure of
adiposity, it is limited in distinguishing between excess adipose tissue and high muscle
mass. Based on BMI alone, two individuals of the same height and weight will be
considered to have the same CVD risk regardless of their respective visceral adiposity.
Although WC is a simple measure of adiposity, it determines CVD risks solely on the waist
girth and does not take height into account. WHtR and WHR, on the other hand, reflect the
body fat distribution as well as measure of height, and have been shown to be more
associated with CVD risks than body weight (15).
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The generally accepted biological mechanism for the observed association between
measures of adiposity and CVD risk factors lies with the fact that visceral fat is drained by
the portal venous system, unlike subcutaneous fat (12, 40). This entails a direct connection
to the liver which results in a higher level of free fatty acids in the liver. Increased secretion
of VLDL-C ensues, leading to increased hepatic lipase activity, and lower HDL-C levels
(12). Additionally, the influx of free fatty acids in the liver decreases hepatic insulin
extraction thereby inhibiting the suppression of glucose production and leading to higher
plasma glucose levels (12).

Results from this study should be understood in wake of a few limitations. First, because of
this cross-sectional data collection design, we cannot be certain of the temporal relation
between WC and/or BMI and CVD risk. Prospective cohort studies can better compare the
prognostic value of WC and BMI in the prediction of CVD risk factors. Second, this study
was conducted amongst fairly well-educated and urban workers. Thus it is possible that the
results may not be generalizable to the broader Ethiopian population. Additionally, data
from the questionnaires is subject to recall and social desirability biases. This may have led
to some degree of error in the reporting of smoking status, physical activity, and various
other behavioral covariates.

Findings from our study and others underscore the importance of incorporating simple
measures of adiposity like WC and BMI in clinical practice to identify CVD risk factors.
Application of simple adiposity measures, in a sequential fashion, may be used to improve
identification of CVD risk, in addition to assisting patients in the adoption of risk reducing
behavior. However, additional research is required to determine appropriate clinical
thresholds for Ethiopia adults. The complete absence of any CVD risk factor surveillance
mechanism in Ethiopia attests to the significance of this study. The ability to estimate risk
for CVDs from simple anthropometric measurements such as WC, height, and weight, is
beneficial in resource limited settings where the health care infrastructure is less developed.
This is highly applicable for Ethiopia's urban health extension workers serving areas where
the prevalence of CVDs is high and where biochemical testing is not always available.
Given the anticipated increased in the prevalence of CVDs in Ethiopia, the establishment of
a simple metric for CVD risk assessment will be of great utility although readers should
exercise caution in the interpretation of these results so as to not overstate the predictive
power of these measures of adiposity.
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Figure I.
Receiver Operating Characteristic (ROC) curves with area under curve (AUC) and 95%
confidence intervals of body mass index (BMI), waist circumference (WC), waist to hip
ratio (WHR) and waist to height ratio (WHtR) for predicting cardiovascular disease risk
factors among Working Ethiopian Men
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Figure II.
Receiver Operating Characteristic (ROC) curves with area under curve (AUC) and 95%
confidence intervals of body mass index (BMI), waist circumference (WC), waist to hip
ratio (WHR) and waist to height ratio (WHtR) for predicting cardiovascular disease risk
factors among Working Ethiopian Women
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Table 1

Characteristics of the Study Population

Men N=1,125 Women N=728 p-value

Characteristic % %

Age (years) 0.001

 ≤24 18.3 23.2

 25–34 39.3 33.3

 35–44 16.2 17.6

 45–54 16.7 17.6

 ≥55 9.2 6.2

Education <0.001

 ≤ High school 20.9 41.2

 ≥ Bachelors 79.1 58.8

Smoking Status <0.001

 Never smoker 79.3 99.2

 Pervious smoker 13.5 0.70

 Current smoker 7.2 0.10

Religion <0.001

 Orthodox 76.5 80.1

 Muslim 5.2 2.6

 Protestant 14.6 16.3

 Other 3.7 1.0

Alcohol consumption <0.001

 Low 44.1 71.0

 Moderate 55.2 29.0

 High 0.7 0.0

Khat chewing <0.001

 No 86.0 99.3

 Yes 14.0 0.7

Self reported health status 0.010

 Poor/Fair 35.8 41.8

 Excellent 64.2 58.2

Body mass index (kg/m2) <0.001

 Underweight (<18.5) 13.8 12.5

 Normal (18.5–24.9) 60.8 53.3

 Overweight (25.0–29.9) 23.3 25.3

 Obese (≥30.0) 2.0 8.9
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Table 2

Spearman's Rank Correlation Coefficients for Anthropometric Measurements and Cardiovascular Disease
Risk Factors

BMI (kg/m2) WC (cm) WHR WHtR

Men

Fasting blood glucose (mg/dl) 0.171* 0.182* 0.183* 0.187*

Triglyceride (mg/dl) 0.496* 0.510* 0.435* 0.514*

HDL-C (mg/dl) −0.083* −0.087* −0.071** −0.084*

Systolic Blood Pressure (mmHg) 0.400* 0.387* 0.311* 0.380*

Diastolic Blood Pressure (mmHg) 0.405* 0.412* 0.351* 0.408*

Women

Fasting blood glucose (mg/dl) 0.200* 0.279* 0.269* 0.271*

Triglyceride (mg/dl) 0.454* 0.460* 0.381* 0.458*

HDL-C (mg/dl) −0.124* −0.102* −0.104* −0.100*

Systolic Blood Pressure (mmHg) 0.380* 0.410* 0.338* 0.404*

Diastolic Blood Pressure (mmHg) 0.401* 0.411* 0.329* 0.417*

*
Correlation coefficients significant at the 0.01 level;

**
significant at 0.05 level
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Table 3

Distribution of cardiovascular disease risk factors in relation to varying degree of adiposity as assessed using
different anthropometric measures

Measurement of Obesity

Cardiovascular Disease Risk Factors

Elevated FBG High TG Low HDL-C Elevated BP

% % % %

Among Men

Body mass index Tertile1 (<20.4) 23.2 8.2 26.7 17.3

(kg/m2) Tertile2 (20.4–24.2) 36.2 34.5 32.7 34.4

Tertile3 (>24.2) 40.6 57.3 40.7 48.3

Waist circumference Tertile1 (<80.0) 26.2 10.8 28.0 18.9

(cm) Tertile2 (80.0–90.0) 33.9 30.8 30.7 33.3

Tertile3 (≥90.0) 39.9 58.8 41.3 47.8

Waist to hip ratio Tertile1 (<0.84) 25.1 13.7 22.7 18.5

Tertile2 (0.84–0.91) 29.2 30.4 38.4 32.1

Tertile3 (>0.91) 45.8 55.8 38.7 49.4

Waist to height ratio Tertile1 (<0.47) 24.0 8.2 22.7 19.2

Tertile2 (0.47–0.53) 32.5 31.3 34.0 30.0

Tertile3 (≥0.53) 34.5 60.5 43.3 50.8

Among Women

Body mass index Tertile1 (<21.3) 25.0 8.00 27.3 13.8

(kg/m2) Tertile2 (21.3–25.4) 29.3 30.0 35.1 29.3

Tertile3 (>25.4) 45.7 62.0 37.6 56.9

Waist circumference Tertilei (<72.0) 23.2 10.0 28.0 12.6

(cm) Tertile2 (72.0–86.0) 32.3 29.0 38.3 33.3

Tertile3 (≥86.0) 44.5 61.0 33.7 54.0

Waist to hip ratio Tertilei (<0.76) 25.0 9.0 30.2 14.9

Tertile2 (0.76–0.84) 29.9 30.0 32.7 33.3

Tertile3 (>0.84) 45.1 61.0 37.1 51.7

Waist to height ratio Tertilei (<0.46) 24.4 10.0 29.0 12.6

Tertile2 (0.46–0.54) 26.8 26.0 34.6 28.7

Tertile3 (≥0.54) 48.8 64.0 36.3 58.6

FBG = Fasting blood glucose; TG = Triglyceride; HDL-C = High Density Lipoprotein-Cholesterol; BP = Blood Pressure
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Table 4 a

Risk of Cardio-metabolic Disorders in Relation to Measures of Adiposity among Men

Low BMI and Low WC Low BMI and High WC High BMI and Low WC High BMI and High WC

Elevated Triglyceride 1.00 (Reference) 3.56 (2.12–6.00) 3.21(1.99–5.18) 5.99 (4.31–8.32)

Adjusted 
1 1.00(Reference) 2.16 (1.24–3.75) 2.75 (1.67–4.53) 3.48 (2.44–4.97)

Trend p-value 0.00

Reduced HDL 1.00 (Reference) 2.08 (1.11–3.91) 1.46 (0.78–2.75) 1.32 (0.85–2.04)

Adjusted 
1 1.00(Reference) 2.21 (1.14–4.30) 1.62 (0.85–3.07) 1.54 (0.94–2.52)

Trend p-value 0.06

Elevated BP 1.00 (Reference) 2.64 (1.58–4.42) 1.95 (1.22–3.12) 3.99 (2.89–5.50)

Adjusted 
2 1.00(Reference) 1.53 (0.88–2.64) 1.75 (1.07–2.84) 2.54 (1.78–3.62)

Trend p-value 0.00

Elevated Fasting blood 1.00 (Reference) 1.64 (0.93–2.88) 2.38 (1.46–3.87) 1.71 (1.21–2.41)

glucose

Adjusted 
2 1.00(Reference) 1.15 (0.64–2.08) 2.30 (1.40–3.79) 1.33 (0.91–1.95)

Trend p-value 0.02

1
Adjusted for age, smoking, place of work

2
Adjusted for age, smoking, place of work, alcohol consumption
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Table 4 b

Risk of Cardio-metabolic Disorders in Relation to Measures of Adiposity among Women

Low BMI and Low WC Low BMI and High WC High BMI and Low WC High BMI and High WC

Elevated Triglyceride 1.00 (Reference) 3.37 (1.70–6.67) 1.01 (0.13–7.96) 6.70 (3.88–11.6)

Adjusted * 1.00(Reference) 1.89(0.91–3.95) 0.83(0.10–6.90) 2.85(1.51–5.39)

Trend p-value 0.00

Reduced HDL 1.00 (Reference) 1.76(1.14–2.71) 1.73(0.67–4.50) 1.69(1.21–2.37)

Adjusted * 1.00(Reference) 2.15(1.35–3.41) 1.92(0.73–5.06) 2.39(1.56–3.65)

Trend p-value 0.00

Elevated BP 1.00 (Reference) 2.83(1.68–4.77) 1.44(0.40–5.17) 5.69 (3.76–8.61)

Adjusted * 1.00(Reference) 1.43 (0.80–2.56) 1.23(0.32–4.76) 2.16(1.32–3.56)

Trend p-value 0.00

Elevated Fasting Glucose 1.00 (Reference) 1.56(0.93–2.60) 0.95(0.27–3.36) 2.40(1.63–3.56

Adjusted * 1.00(Reference) 1.05(0.60–1.84) 0.94(0.26–3.45) 1.42(0.87–2.31)

Trend p-value 0.15

*
Adjusted for age, place of work, alcohol consumption
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