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Abstract

The aim of the study was to examine the association of different measures of obesity (body mass 

index or BMI, waist circumference or WC, waist to hip ratio or WHR and waist height ratio or 

WHtR) with coronary heart disease (CHD) in a Bangladeshi population. The study included 189 

hospitalized CHD cases (133 men and 52 women) and 201 controls (137 men and 68 women). 

Logistic regression was done to assess the associations between obesity and CHD. The mean age 

was 53.1 ± 8.3 for men and 51.9 ± 8.4 for women. After adjustment for confounders the odds ratio 

(OR) of CHD for men was 1.69 (95% CI, 1.24–2.32), 1.94 (95% CI 1.40–2.70), and 1.32 (95% CI, 

1.01–2.16) per 1 standard deviation (SD) increase in BMI, WC, and WHtR respectively. The OR 

for women was 2.64 (CI, 1.61–4.34), 1.82 (95% CI 1.12–2.95), 2.32 (95% CI, 1.36–3.96), and 

1.94 (95% CI, 1.23–3.07) per 1 SD increase in BMI, WC, WHtR and WHR respectively. Since 

both total obesity and abdominal adiposity were associated with development of CHD and since 

measurement of WC and BMI are inexpensive, both should be included in the clinical setting for 

CHD risk assessment for this group of population.
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Introduction

Large-scale prospective studies of cardiovascular disease have described a significant, 

independent relationship between body mass index (BMI) or total obesity and coronary 

heart disease (CHD) [1–4]. However, it also has been argued that BMI does not adequately 
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reflect body fat distribution, and abdominal obesity, which captures the distribution of fat 

mass may be an even more important predictor of CHD [5,6]. In epidemiologic settings, as a 

marker of visceral fat mass or abdominal adiposity, waist circumference (WC; abdominal 

girth), waist circumference to hip circumference ratio (WHR; waist hip ratio), and ratio of 

waist circumference to height (WHtR; waist to height ratio) are used to assess CHD risk. It 

is well established that there are ethnic differences in body fat distribution and in 

relationships of different obesity measures to CHD or to CHD risk factors [7,8]. Asians and 

South Asians generally have a higher percentage of body fat than white people of the same 

age, sex, and BMI. This contributes to the higher prevalence of cardiovascular risk factors at 

lesser degrees of obesity [9–11]. Because of greater predisposition of abdominal obesity and 

visceral fat, they also can have increased abdominal obesity with a lower BMI [12,13]. Thus 

the relationship between these anthropometric measures and CHD in south Asian population 

can be complex. CHD has become the major killer for adults of South Asian region 

including Bangladesh and it is projected that over the next 10 years, the rates of CHD will 

rise substantially [14–16]. The prevalence of obesity had also substantially increased in 

Bangladesh in last few decades [17–20]. Studies have rarely attempted to document the 

association between total or abdominal obesity and CHD in Bangladesh and to the best of 

our knowledge; such data are also limited in the South Asian context. In this study we 

evaluate the association of different measures of obesity (BMI, WC, WHR and WHtR) with 

CHD in an urban Bangladeshi population.

Materials and methods

Study participants

This hospital-based, prospective case-control study was conducted at Bangabandhu Sheikh 

Mujib Medical University (BSMMU) hospital in Dhaka, the capital city of Bangladesh. 30 

to 70 year old CHD patients, hospitalized with their first diagnosed incident of non-fatal 

myocardial infarction (either first incident of acute myocardial infarction or a first incident 

of angina pectoris) were included as cases within 7 days of their admission. Acute 

myocardial infarction was confirmed by clinical examination, plus either electrocardiogram 

changes (new pathologic Q waves or 1-mm ST elevation in any 2 or more contiguous limb 

leads or a new left bundle branch block or new persistent ST-T wave changes diagnostic of a 

non–Q-wave myocardial infarction) or elevated cardiac enzyme measurement (creatine 

phosphokinase-MB enzyme or Troponin I) [21,22]. Angina pectoris was confirmed by 

clinical examination and: 1) coronary angiogram (≥ 50% occlusion in ≥1 of 3 main coronary 

arteries), or 2) positive exercise stress test (if no angiographic data were available); or 3) 

electrocardiographic changes at rest (if no angiographic, or exercise stress data were 

available) [21,22]. Cases were excluded if the diagnosis was made more than two weeks 

prior to hospitalization, or if they had pre-existing CHD or stroke. Patients with history of 

any kind of severe chest pain, pregnant patients and patients with any kind of 

gastrointestinal disorders (e.g. peptic ulcer disease, carcinoma of esophagus, stomach, small 

and large intestine) were also excluded. The controls were individuals who came to the same 

hospital to treat ailments that were not related to obesity. Controls were obtained from 

noncardiac (ophthalmology; ear, nose, and throat; dermatology; orthopedics; general 

surgery; gynecology) outpatient clinics or inpatient wards. The same exclusion criteria used 
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for cases were applied for control selection. To increase the efficiency of the study, controls 

were frequency matched by age (within 10 year) and sex. Controls were recruited after 

collecting data from all the cases. In total, there were 189 cases and 201 controls for the 

current analysis. The study protocol was approved by the institutional review board of 

University of California Davis and the ethical review committee of BSMMU.

Data collection

A structured questionnaire was administered in-person to both cases and controls in the 

same manner by trained research assistants. The questionnaire included participant 

demographics (age, sex, marital status and residence type), socioeconomic status (education 

of the participant and monthly household income), and lifestyle (tobacco use, physical 

activity level and personal history of CHD risk factors). Physical measurements including 

weight, standing height, and circumferences of waist and hip, was carried out in the same 

manner in cases and in the controls according to standard protocol by trained assistants. 

During the measurements, participants were asked to be relaxed with arms held loosely at 

sides. Standing height was measured using a stadiometer (Seca 217, Hamburg, Germany) to 

the nearest 0.1 cm with the participant in bare feet, back against the wall with eyes looking 

straight ahead. Weight was measured in light clothing using a digital scale, to the nearest 0.1 

kg (Adam Equipment CPWplus, Milton Keynes, MK1 1SW, United Kingdom). WC was 

measured with a non-stretchable standard tape over the unclothed abdomen at the smallest 

diameter between the costal margin and the iliac crest. Measurement of HC was taken over 

light clothing at the level of the greater trochanters (usually the widest diameter around the 

buttock) by a non-stretchable standard tape.

Analysis

Continuous variables, including age, household income, weight, height, WC, and HC were 

checked for normality, outliers and missing values. BMI was calculated as weight in 

kilograms over height in meters squared. WHR and WHtR were calculated as the ratios of 

WC and HC, and ratios of WC and height respectively. Descriptive statistics were generated 

separately for male and female participants. Socio-demographic characteristics, 

anthropometric indices and cardiovascular risk factors for the cases and controls were 

compared using the chi-square test for categorical variables or independent t test for 

continuous variables for both males and females. The primary outcome measure for this 

analysis was CHD (no/yes) evaluated as a dichotomous variable. Logistic regression was 

used, keeping each of the measurement indices (WC, WHR, WHtR and BMI) as 

independent variables to examine for their individual associations with CHD. Gender-

specific odds ratios (OR) and 95% confidence interval (CI) were calculated for per 1 

standard deviation (SD) change in the obesity measurement indices. For relative comparison 

between total and abdominal obesity, BMI and WC were categorized into quartiles and ORs 

were estimated for each quartile of BMI and WC keeping first quartile as reference.

The first group of multivariate models to determine the association between the exposures 

and the outcome were adjusted for participant’s age, education (college level, secondary 

school, primary school and no schooling), smoking status (never smoker, former smoker, 

current smoker), physical activity level during leisure time (sedentary to mild versus 
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moderate to strenuous) physical activity level during work (sedentary to mild versus 

moderate to strenuous), family history of CHD and residence type (urban versus rural). The 

second multivariable model additionally adjusted for covariates likely to be in the biologic 

pathway relating obesity to CHD such as self-reported hypertension and diabetes to assess 

further whether independent effects of different types of obesity measures were mediated by 

these pathologic mechanisms. We report the results of multiple logistic regressions 

separately for males and females. The assumptions of logistic regression models were tested 

by Hosmer and Lemeshow goodness-of-fit test. The index plots for the residuals were also 

checked for possible deviations.

Results

Table 1 shows the socio demographic characteristics of the participants. The overall mean 

age of cases with first CHD was almost the same for men (53.0 ± 8.3) and women (52.6 ± 

8.4). The highest proportion of both male and female cases belonged to age group 50–59 

years. A higher percentage of male and female CHD cases were from rural areas compared 

to controls. Male CHD cases were less educated than male controls. About 56.4% (21.1% no 

education and 35.3% primary education) of the male cases had no or low education 

compared to only 19.9% (8.1% no education and 11.8% primary education) in the control 

group (p<0.001). In women, about 92.3% (61.5% no education and 30.8% primary 

education) of the cases had no or low education, compared to 82.1% (32.8% no education 

and 49.3% primary education) in the control group (p=0.07).

The distribution of various risk factors between cases and controls is reported in Table 2. 

Male cases smoked more than the male controls. About 42.1% of the cases were current 

smokers, while 19.0 % of the controls smoked currently. 28.6% of male cases and 36.5% of 

female cases had diabetes mellitus compared to 11.8% in male controls and 26.9% in female 

controls. The difference of this prevalence between cases and controls was significant for 

males (P <0.001), but not for females. The prevalence of hypertension was higher than 

diabetes mellitus among the study participants. About 66.9% of male cases and 73.1% of 

female cases had hypertension compared to 37.5 % in male controls and 25.4% in female 

controls. The difference between cases and controls was significant for both males and 

females (p value <0.001). About 26 (19.5%) male cases and 13 (25.0%) of female cases had 

both hypertension and diabetes mellitus. On the other hand, for controls, 8 (5.9%) males and 

11 (16.4%) females had them both. The mean values of different measures of obesities 

(BMI, WC, WHR and WHtR) were significantly higher in cases than in controls for both 

sexes (p<0.05), except for WHR and WHtR in males.

Table 3 provides the overall odds ratios for different measures of obesity. After adjustment 

for age, smoking, leisure time physical activity, work time physical activity, education 

status, family history of CHD and residence type, the OR of CHD for males was 1.69 (95% 

CI, 1.24–2.32) per 1 SD increase in BMI, 1.94 (95% CI 1.40–2.70) per 1 SD increase in 

WC, and 1.32 (95% CI, 1.01–2.16) per 1 SD increase in WHtR. The risk estimates for WHR 

in men were not statistically significant. On the other hand, after adjusting for the same 

factors, all of the obesity indicators remained statistically significant for female participants. 

The risk estimates however, were mostly larger in magnitude and had wider CIs. The OR for 
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CHD was 2.64 (CI, 1.61–4.34) per 1 SD increase in BMI, 1.82 (95% CI 1.12–2.95) per 1 SD 

increase in WC, 2.32 (95% CI, 1.36–3.96) per 1 SD increase in WHtR and 1.94 (95% CI, 

1.23–3.07) per 1 SD increase in WHR. Further adjustment for covariates in the biologic 

pathway relating obesity to risk of CHD (history of diabetes and hypertension) attenuated 

the odds ratios for all the measures except for WHR in female where the odds ratio 

increased slightly (Table 3).

Table 4 and 5 show the unadjusted and adjusted ORs of CHD by quartile of BMI and WC 

among men and women respectively, with the first quartile in each case serving as the 

reference category. For men, after adjusting for confounders variables the odds of having 

CHD was significantly increased by 3.39-fold (95% CI,1.44–8.00) in the second quartile 

(BMI range 23.16–24.60) and by 4.78 fold (95% CI, 2.0–11.44) in the fourth quartile (BMI 

range 26.23–31.37) relative to the first quartile. For WC the odds increased significantly by 

3.23 fold (95% CI, 1.41–7.37) in the fourth quartile (WC range 92.4 cm–120.00 cm) relative 

to the first quartile. The second and third quartiles of WC were not significantly different 

than the lowest quartile. The trend was similar when the intermediary variables were 

included in the model. With women, CHD risk was significantly increased by more than 9-

fold (OR, 9.45; 95% CI, 3.09–33.48) in the fourth quartile of BMI (BMI range 26.33–30.90) 

relative to women in the lowest quartile. With increasing WC values, the risk of CHD also 

increased. Women in the third quartile (WC range 84.80 cm–89.00 cm) had a 3.78 fold 

(95% CI, 1.19–12.09) increased risk of CHD and women in the fourth quartile (WC 89.50 

cm–106.00) had a 3.51 (1.03–12.00) increased risk of CHD compared with those with a WC 

in the lowest quartile. However, the associations with WC diminished and were no longer 

statistically significant when the intermediary variables were included in the model.

Discussion

Our results indicated that both general or total obesity (measured in BMI) and abdominal 

adiposity (measured in WC, WHR or WHtR) were associated with development of CHD. 

For men, BMI, WC, and WHtR were independently associated with CHD, but WHR was 

not. On the other hand, for women all four measures were associated after controlling for 

confounders. When the quartiles were examined across the whole distribution, the 

association with BMI remained significant even after adjusting for intermediary variables. In 

contrast, the association became relatively weaker for WC. These observations implied that 

in our cohort, BMI appeared to predict CHD risk slightly better than central or abdominal 

obesity.

Several authors have reported the CHD risk associated with BMI, WC, WHR or WHtR and 

have systematically compared some or all of these indicators to predict CHD [23–28]. The 

studies from developed countries are mostly prospective in nature. These studies confirm 

that obesity measured by any index almost always is associated with increased risk of CHD. 

However, the findings of comparing different measurements of total obesity (BMI) and 

abdominal obesity (WC, WHR, WHtR) in predicting CHD events have not been consistent. 

Some have suggested that total obesity rather than abdominal obesity better predicts CHD 

[27,28], while some investigators have found the reverse to be true [23,26], and still others 

didn’t find any significant difference [24,25]. Unlike developed countries, in Asian 
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countries, especially in South Asia most of the research done on this subject has used either 

cross sectional or case control designs [29,30]. The findings also have been based on 

associations of obesity indices with other CHD risk factors (hypertension, diabetes, 

dyslipidemia or metabolic syndrome) rather than with an endpoint of CHD itself [31–34]. 

Studies from India and China suggested that for both sexes obesity measured by high BMI, 

WC, WHR or WHtR were identical in predicting CHD risk factors [31–34]. In contrast, a 

global case-control study that had data from South Asia suggested that elevated WHR and 

high WC were significant predictors for CHD, but BMI was not [29]. However, a 

prospective Chinese study with CHD as endpoint reported that both WHR and BMI were 

equally important in predicting CHD risk [35]. This inconsistency in findings could be due 

to a number of reasons. There can be errors in self-reported measurements in some studies 

and that can either cause spurious associations or can bias results towards the null. 

Inadequate or over adjustment of confounders and other cardiovascular risk factors also play 

a role in determining the nature of this association. Fat distribution and susceptibility to 

CHD vary by age, sex and ethnicity and can cause these differences in results as well.

Our study showed that obesity measured either as BMI, WC, or WHtR was associated with 

development of CHD for both men and women independent of other cardiovascular risk 

factors. The association with BMI appeared to be slightly stronger for both sexes as the 

association was more consistent across the quartiles than other measures. However, in recent 

years, BMI has been criticized as a measure of risk because it reflects the total obesity and 

does not identify fat distribution [36]. Few studies have highlighted that abdominal adiposity 

is a more important risk factor for cardiovascular disease than is total obesity because intra-

abdominal or visceral fat is more metabolically active than subcutaneous fat and 

accumulation of intra-abdominal or visceral adipose tissue promotes insulin resistance, 

dyslipidemia and hypertension and thus increases the risk of CHD [37,38]. Some studies 

have suggested redefining obesity based on WHR or WC instead of BMI [29,39]. But the 

importance of BMI should not be ignored or be underestimated especially in the South 

Asian region as people get CHD at a relatively early age than the Western countries and 

there are reasonable evidence to believe that BMI predicts CHD better than WC or WHR at 

younger ages [24,35,40]. In the Health Professionals Follow-up study, BMI predicted the 

risk of CHD better than WHR among young subjects, however, for the elderly, WHR was 

the better predictor [40]. A recent study with longer follow up of the Health Professionals 

study and The Nurses’ Health Study also showed that WC predicted CHD risk better than 

BMI among men and women only above age 60 and BMI was more strongly associated with 

risk of CHD in the younger than in older participants [24]. This age variation was also 

reported in a Chinese study where only BMI was associated with CHD risk among women 

below 55 year of age. However, among older women, WHR was the only independent 

anthropometric predictor [35]. The precise reason behind this age variation is not fully 

known. Partially it can be explained by the fact that lean body mass of the body doesn’t vary 

much in younger adults; and therefore, for them, differences in BMI are likely to reflect 

differences in fat mass as BMI is a combined measure of both lean body mass and fat mass, 

adjusted for height. On the other hand, in older people, loss of lean body mass occurs with 

age and this may contribute substantially to variability in BMI [41].
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As a marker of visceral fat mass we also found WC to be associated with CHD for both men 

and women. As Asians and South Asians have a higher percentage of body fat than white 

people with same BMI and as they can also have increased abdominal obesity with a lower 

BMI, prediction of CHD or CHD risk factors from central or total obesity alone might be 

misleading in these regions [42,43], and the best and a sole obesity indicator for this group 

of population to assess CHD risk probably cannot be recommended. It is often suggested 

that, for future prediction of CHD use of both BMI and WC should provide a better result. 

Supporting this, recently Takahashi et al showed that using a combination of both WC and 

BMI was superior to using only one of these [44]. Wang et al suggested that BMI and WC, 

rather than WC alone, should be included in metabolic risk assessment for Asian population 

[45]. A WHO expert committee also suggested that where possible both WC and BMI 

should be measured in clinical practice and public health surveillance for Asian people [11].

Our results should be interpreted within the context of few limitations and strengths. We 

acknowledge that instead of selecting controls at the end of all cases, density sampling, or 

recruiting them at the time of each case selection could have provided a better 

approximation to the risk ratio. We would also like to mention that, due to small sample size 

we were not able to calculate the cut off points of BMI or other indicators. Determining 

precise cut offs is important as the risk assessment of CHD not only depends on the use of 

specific obesity measure, but also can vary widely based on the cut points used for each of 

them [44–47]. For example, WHO currently uses BMI cut points of 25 or higher to define 

overweight and 30 or higher for obesity [11]. But several studies have examined appropriate 

cut points to define overweight and obesity in Asian and South Asian populations and have 

argued for lowering BMI limits for these groups of population [44–52]. Despite these 

limitations, this study had several important strengths. One of the major strengths of the 

present study was the enrollment of only incident cases. Thus, our estimates of association 

were likely to be more reflective of risk of the development of the CHD, not of the duration 

of the CHD. Outcome misclassification was likely to have caused minimal error on our 

estimates of odds ratios as the definition of CHD was very specific. In this study 

anthropometric variables were directly measured by a trained health worker and were not 

self-reported or self-measured, which eliminated bias-related differential reporting and 

minimized measurement error.

The present study suggested that BMI, WC and WHtR values were all positively associated 

with risk of CHD. In addition, for women WHR was also strongly associated. This 

association persisted after adjustment for confounding factors. We conclude that for this 

group of population there was no single best obesity indicator. Since the measurement of 

WC and BMI are inexpensive and can be done easily without a time consuming complicated 

technique, we recommend that both BMI and WC should be included in the clinical and 

gradually in the community setting for CHD risk assessment in these high-risk South Asian 

populations. Instead of using just one of these parameters, use of both BMI and WC will 

increase the possibility of detecting CHD and thus a substantial amount of CHD mortality 

can be prevented.

Khan et al. Page 7

Integr Obes Diabetes. Author manuscript; available in PMC 2015 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

This study was supported by Grant (#5D43TW007779-05) from the Fogarty International Center, National Institute 
of Health and Human Services, National Institutes of Health. Dr. Ashraf Sultan and Dr. Nilufar Fatema of Dept. of 
Cardiology, Bangabandhu Sheikh Mujib Medical University helped with data collection process. The cooperation 
of the participants who took part in the study without expectation or personal benefit is greatly appreciated.

References

1. Tuomilehto J, Salonen JT, Marti B, Jalkanen L, Puska P, et al. Body weight and risk of myocardial 
infarction and death in the adult population of eastern Finland. Br Med J (Clin Res Ed). 1987; 
295:623–627.

2. Stokes, JI.; RJG; Kannel, W. Metabolic complications of human obesities. Amsterdam: Elsevier; 
1985. The independent contributions of various indices of obesity to the 22-year incidence of 
coronary heart disease: the Framingham Heart Study. 

3. Garrison RJ, Feinleib M, Castelli WP, McNamara PM. Cigarette smoking as a confounder of the 
relationship between relative weight and long-term mortality. The Framingham Heart Study. 
JAMA. 1983; 249:2199–2203. [PubMed: 6834617] 

4. Rabkin SW, Mathewson FA, Hsu PH. Relation of body weight to development of ischemic heart 
disease in a cohort of young North American men after a 26 year observation period: the Manitoba 
Study. Am J Cardiol. 1977; 39:452–458. [PubMed: 842466] 

5. Larsson B, Svärdsudd K, Welin L, Wilhelmsen L, Björntorp P, et al. Abdominal adipose tissue 
distribution, obesity, and risk of cardiovascular disease and death: 13 year follow up of participants 
in the study of men born in 1913. Br Med J (Clin Res Ed). 1984; 288:1401–1404.

6. Rimm EB, Willett WC, Hu FB, Sampson L, Colditz GA, et al. Folate and vitamin B6 from diet and 
supplements in relation to risk of coronary heart disease among women. JAMA. 1998; 279:359–
364. [PubMed: 9459468] 

7. Ujcic-Voortman JK, Bos G, Baan CA, Verhoeff AP, Seidell JC. Obesity and body fat distribution: 
ethnic differences and the role of socio-economic status. Obes Facts. 2011; 4:53–60. [PubMed: 
21372611] 

8. Lear SA, Kohli S, Bondy GP, Tchernof A, Sniderman AD. Ethnic variation in fat and lean body 
mass and the association with insulin resistance. J Clin Endocrinol Metab. 2009; 94:4696–4702. 
[PubMed: 19820012] 

9. Raji A, Seely EW, Arky RA, Simonson DC. Body fat distribution and insulin resistance in healthy 
Asian Indians and Caucasians. J Clin Endocrinol Metab. 2001; 86:5366–5371. [PubMed: 11701707] 

10. Qiao Q, Hu G, Tuomilehto J, Nakagami T, Balkau B, et al. Age- and sex-specific prevalence of 
diabetes and impaired glucose regulation in 11 Asian cohorts. Diabetes Care. 2003; 26:1770–1780. 
[PubMed: 12766108] 

11. WHO Expert Consultation . Appropriate body-mass index for Asian populations and its 
implications for policy and intervention strategies. Lancet. 2004; 363:157–163. [PubMed: 
14726171] 

12. Joshi SR. Metabolic syndrome--emerging clusters of the Indian phenotype. J Assoc Physicians 
India. 2003; 51:445–446. [PubMed: 12974423] 

13. Deepa, R.; Sandeep, S.; Mohan, V. Abdominal obesity, visceral fat and type 2 diabetes - ‘Asian 
Indian phenotype, in Type 2 diabetes in South Asians: Epidemiology, risk factors and prevention. 
Mohan, V.; Gundu, R., editors. Jaypee Brothers Medical publishers; 2006. p. 138-152.

14. Estimated total deaths (‘000), by cause and WHO Member State, 2002 (a). Department of 
Measurement and Health Information, World Health Organization; 2004. 

15. Murray CJL, Lopez AD. The global burden of disease in 1990: Final results and their sensitivity to 
alternative epidemiological perspectives, discount rates, age-weights and disability weights. The 
global burden of disease: a comprehensive assessment of mortality and disability from diseases, 
injuries and risk factors in 1990 and projected to 2020. 1996:247–293.

16. World Health Organization. The global burden of disease: 2004 update 2008. Geneva: World 
Health Organization; p. 146

Khan et al. Page 8

Integr Obes Diabetes. Author manuscript; available in PMC 2015 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Balarajan Y, Villamor E. Nationally representative surveys show recent increases in the prevalence 
of overweight and obesity among women of reproductive age in Bangladesh, Nepal, and India. J 
Nutr. 2009; 139:2139–2144. [PubMed: 19776182] 

18. Key findings of Child and Mother Nutrtion Survey of Bangladesh. 2005

19. Abegunde DO, Mathers CD, Adam T, Ortegon M, Strong K. The burden and costs of chronic 
diseases in low-income and middle-income countries. Lancet. 2007; 370:1929–1938. [PubMed: 
18063029] 

20. Non-Communicable Disease Risk Factor Survey, Bangladesh 2010. World Health Organization; 
Bangladesh: 2011. 

21. Nomenclature and criteria for diagnosis of ischemic heart disease . Report of the Joint International 
Society and Federation of Cardiology/World Health Organization task force on standardization of 
clinical nomenclature. Circulation. 1979; 59:607–609. [PubMed: 761341] 

22. Rose, GA.; Blackburn, H. WHO monograph series. Vol. 58. Geneva, Switzerland: World Health 
Organization; 1982. Cardiovascular survey methods. 

23. Canoy D, Boekholdt SM, Wareham N, Luben R, Welch A, et al. Body fat distribution and risk of 
coronary heart disease in men and women in the European Prospective Investigation Into Cancer 
and Nutrition in Norfolk cohort: a population-based prospective study. Circulation. 2007; 
116:2933–2943. [PubMed: 18071080] 

24. Flint AJ, Rexrode KM, Hu FB, Glynn RJ, Caspard H, et al. Body mass index, waist circumference, 
and risk of coronary heart disease: a prospective study among men and women. Obesity research 
& clinical practice. 2010; 4:e171–e181. [PubMed: 21116472] 

25. Gray RS, Fabsitz RR, Cowan LD, Lee ET, Welty TK, et al. Relation of generalized and central 
obesity to cardiovascular risk factors and prevalent coronary heart disease in a sample of American 
Indians: the Strong Heart Study. Int J Obes Relat Metab Disord. 2000; 24:849–860. [PubMed: 
10918531] 

26. Page JH, Rexrode KM, Hu F, Albert CM, Chae CU, et al. Waist-height ratio as a predictor of 
coronary heart disease among women. Epidemiology. 2009; 20:361–366. [PubMed: 19289960] 

27. Rexrode KM, Buring JE, Manson JE. Abdominal and total adiposity and risk of coronary heart 
disease in men. Int J Obes Relat Metab Disord. 2001; 25:1047–1056. [PubMed: 11443505] 

28. Taylor AE, Ebrahim S, Ben-Shlomo Y, Martin RM, Whincup PH, et al. Comparison of the 
associations of body mass index and measures of central adiposity and fat mass with coronary 
heart disease, diabetes, and all-cause mortality: a study using data from 4 UK cohorts. The 
American journal of clinical nutrition. 2010; 91:547–556. [PubMed: 20089729] 

29. Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, et al. Obesity and the risk of myocardial 
infarction in 27,000 participants from 52 countries: a case-control study. Lancet. 2005; 366:1640–
1649. [PubMed: 16271645] 

30. Ahmad R, Ahmad A, Zulfiqar S, Jan S, Rehman I. Assessment of waist hip ratio and its 
relationship with coronary heart disease in community hospital of district swat. Pak J Med Sci. 
2007; 23:585–588.

31. Gupta R, Rastogi P, Sarna M, Gupta VP, Sharma SK, et al. Body-mass index, waist-size, waist-hip 
ratio and cardiovascular risk factors in urban subejcts. J Assoc Physicians India. 2007; 55:621–
627. [PubMed: 18051732] 

32. Liu Y, Tong G, Tong W, Lu L, Qin X. Can body mass index, waist circumference, waist-hip ratio 
and waist-height ratio predict the presence of multiple metabolic risk factors in Chinese subjects? 
BMC Public Health. 2011; 11:35. [PubMed: 21226967] 

33. Nyamdorj R, Qiao Q, Lam TH, Tuomilehto J, et al. Decoda Study Group. BMI compared with 
central obesity indicators in relation to diabetes and hypertension in Asians. Obesity (Silver 
Spring). 2008; 16:1622–1635. [PubMed: 18421260] 

34. Venkatramana P, Reddy PC. Association of overall and abdominal obesity with coronary heart 
disease risk factors: comparison between urban and rural Indian men. Asia Pac J Clin Nutr. 2002; 
11:66–71. [PubMed: 11890641] 

35. Zhang X, Shu XO, Gao YT, Yang G, Matthews CE, et al. Anthropometric predictors of coronary 
heart disease in Chinese women. Int J Obes Relat Metab Disord. 2004; 28:734–740. [PubMed: 
15052279] 

Khan et al. Page 9

Integr Obes Diabetes. Author manuscript; available in PMC 2015 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



36. Mason C, Craig CL, Katzmarzyk PT. Influence of central and extremity circumferences on all-
cause mortality in men and women. Obesity (Silver Spring). 2008; 16:2690–2695. [PubMed: 
18927548] 

37. Einstein FH, Atzmon G, Yang XM, Ma XH, Rincon M, et al. Differential responses of visceral and 
subcutaneous fat depots to nutrients. Diabetes. 2005; 54:672–678. [PubMed: 15734842] 

38. Després JP, Lemieux I. Abdominal obesity and metabolic syndrome. Nature. 2006; 444:881–887. 
[PubMed: 17167477] 

39. Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass index explains 
obesity-related health risk. Am J Clin Nutr. 2004; 79:379–384. [PubMed: 14985210] 

40. Rimm EB, Stampfer MJ, Giovannucci E, Ascherio A, Spiegelman D, et al. Body size and fat 
distribution as predictors of coronary heart disease among middle-aged and older US men. Am J 
Epidemiol. 1995; 141:1117–1127. [PubMed: 7771450] 

41. Willett, WC. Nutritional epidemiology. New York: Oxford University Press; 1998. 

42. Yajnik CS. The lifecycle effects of nutrition and body size on adult adiposity, diabetes and 
cardiovascular disease. Obesity reviews: an official journal of the International Association for the 
Study of Obesity. 2002; 3:217–224. [PubMed: 12164475] 

43. Itoh H, Kanayama N. Low Birth Weight and Risk of Obesity-A Potential Problem for the Japanese 
People. Current Women’s Health Reviews. 2009; 5:212–219.

44. Takahashi M, Shimomura K, Proks P, Craig TJ, Negishi M, et al. A proposal of combined 
evaluation of waist circumference and BMI for the diagnosis of metabolic syndrome. Endocr J. 
2009; 56:1079–1082. [PubMed: 19734693] 

45. Wang TD, Goto S, Bhatt DL, Steg PG, Chan JC, et al. Ethnic differences in the relationships of 
anthropometric measures to metabolic risk factors in Asian patients at risk of atherothrombosis: 
results from the Reduction of Atherothrombosis for Continued Health (REACH) Registry. 
Metabolism: clinical and experimental. 2010; 59:400–408. [PubMed: 19800641] 

46. Misra A. Redefining obesity in Asians: more definitive action is required from the WHO. Natl 
Med J India. 2004; 17:1–4. [PubMed: 15115222] 

47. Mohan V, Deepa M, Farooq S, Narayan KM, Datta M, et al. Anthropometric cut points for 
identification of cardiometabolic risk factors in an urban Asian Indian population. Metabolism. 
2007; 56:961–968. [PubMed: 17570259] 

48. Snehalatha C, Viswanathan V, Ramachandran A. Cutoff values for normal anthropometric 
variables in asian Indian adults. Diabetes Care. 2003; 26:1380–1384. [PubMed: 12716792] 

49. Deurenberg P. Universal cut-off BMI points for obesity are not appropriate. Br J Nutr. 2001; 
85:135–136. [PubMed: 11280336] 

50. Lin WY, Lee LT, Chen CY, Lo H, Hsia HH, et al. Optimal cut-off values for obesity: using simple 
anthropometric indices to predict cardiovascular risk factors in Taiwan. Int J Obes Relat Metab 
Disord. 2002; 26:1232–1238. [PubMed: 12187401] 

51. Misra A. Revisions of cutoffs of body mass index to define overweight and obesity are needed for 
the Asian-ethnic groups. Int J Obes Relat Metab Disord. 2003; 27:1294–1296. [PubMed: 
14574337] 

52. Vikram NK, Pandey RM, Misra A, Sharma R, Devi JR, et al. Non-obese (body mass index <25 
kg/m2) Asian Indians with normal waist circumference have high cardiovascular risk. Nutrition. 
2003; 19:503–509. [PubMed: 12781849] 

Khan et al. Page 10

Integr Obes Diabetes. Author manuscript; available in PMC 2015 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khan et al. Page 11

T
ab

le
 1

So
ci

o-
de

m
og

ra
ph

ic
 c

ha
ra

ct
er

is
tic

s 
of

 th
e 

st
ud

y 
pa

rt
ic

ip
an

ts
 b

y 
ge

nd
er

 f
ro

m
 B

SM
M

U
 h

os
pi

ta
l, 

B
an

gl
ad

es
h 

(N
=

39
0)

.

M
al

e 
(n

=2
70

)
F

em
al

e 
(n

=1
20

)

C
on

tr
ol

 (
n=

13
7)

C
as

e 
(n

=1
33

)
P

 v
al

ue
c

C
on

tr
ol

 (
n=

68
)

C
as

e 
(n

=5
2)

P
 v

al
ue

c

A
ge

a  
(y

ea
rs

)
53

.2
 ±

 8
.3

53
.0

 ±
 8

.3
0.

83
9d

51
.3

 ±
 8

.4
52

.6
 ±

 8
.4

0.
40

5d

A
ge

 g
ro

up
 (

ye
ar

s)

30
–3

9
6 

(4
.4

)
5 

(3
.8

)
0.

99
4

5 
(7

.4
)

3 
(5

.8
)

0.
70

1e

40
–4

9
34

 (
24

.8
)

34
 (

25
.6

)
16

 (
23

.5
)

11
 (

21
.2

)

50
–5

9
64

 (
46

.7
)

62
 (

46
.6

)
37

 (
54

.4
)

26
 (

50
.0

)

60
–7

0
33

 (
24

.1
)

32
 (

24
.1

)
10

 (
14

.7
)

12
 (

23
.1

)

M
ar

it
al

 s
ta

tu
s

N
ev

er
 m

ar
ri

ed
0

0
0.

01
7

2 
(3

.0
)

0
0.

09
5e

C
ur

re
nt

ly
 m

ar
ri

ed
12

7 
(9

4.
1)

13
0 

(9
7.

7)
46

 (
68

.7
)

44
 (

84
.6

)

W
id

ow
7 

(5
.2

)
3 

(2
.2

6)
19

 (
28

.4
)

8 
(1

5.
4)

D
iv

or
ce

d
1 

(0
.7

)
0

0
0

R
es

id
en

ce

U
rb

an
74

 (
54

.4
)

41
 (

30
.8

)
<

0.
00

1
17

 (
25

.4
)

5 
(9

.6
)

0.
02

0

R
ur

al
62

 (
45

.6
)

92
 (

69
.2

)
47

 (
70

.1
)

47
 (

90
.4

)

E
du

ca
ti

on

C
ol

le
ge

 o
r 

un
iv

er
si

ty
53

 (
39

.0
)

26
 (

19
.5

)
<

0.
00

1
1 

(1
.5

)
2 

(3
.8

)
0.

00
6e

Se
co

nd
ar

y 
sc

ho
ol

56
 (

41
.1

)
32

 (
24

.1
)

11
 (

16
.4

)
2 

(3
.8

)

Pr
im

ar
y 

sc
ho

ol
16

 (
11

.8
)

47
 (

35
.3

)
33

 (
49

.3
)

16
 (

30
.8

)

N
on

e
11

 (
8.

1)
28

 (
21

.1
)

22
 (

32
.8

)
32

 (
61

.5
)

H
ou

se
ho

ld
 in

co
m

ea
,b

M
ea

n 
(S

D
)

43
74

 ±
 2

56
0

42
23

 ±
 1

33
5

0.
03

f
32

03
 ±

 2
45

9
42

89
 ±

 1
38

7
<

0.
00

1f

B
SM

M
U

: B
an

ga
ba

nd
hu

 S
he

ik
h 

M
uj

ib
 M

ed
ic

al
 U

ni
ve

rs
ity

 P
er

ce
nt

ag
es

 a
re

 in
 p

ar
en

th
es

is
 n

ex
t t

o 
ea

ch
 c

ou
nt

M
is

si
ng

 V
al

ue
s 

m
al

e:
 M

ar
ita

l S
ta

tu
s=

2,
 R

es
id

en
ce

=
1,

 E
du

ca
tio

n=
 1

, H
ou

se
ho

ld
 in

co
m

e=
 1

Integr Obes Diabetes. Author manuscript; available in PMC 2015 November 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khan et al. Page 12
M

is
si

ng
 V

al
ue

s 
fe

m
al

e:
 M

ar
ita

l S
ta

tu
s=

1,
 R

es
id

en
ce

=
4,

 E
du

ca
tio

n=
 1

, H
ou

se
ho

ld
 in

co
m

e=
 2

a M
ea

n 
±

 S
ta

nd
ar

d 
D

ev
ia

tio
n

b Pe
r 

ca
pi

ta
 m

on
th

ly
 h

ou
se

ho
ld

 in
co

m
e 

in
 ta

ka

c Pe
ar

so
n 

C
hi

 s
qu

ar
e 

ex
ce

pt
 w

he
re

 n
ot

ed

d In
de

pe
nd

en
t t

 te
st

e Fi
sh

er
’s

 e
xa

ct
 te

st
s

f M
an

n 
W

hi
tn

ey
 R

an
k 

te
st

Integr Obes Diabetes. Author manuscript; available in PMC 2015 November 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khan et al. Page 13

T
ab

le
 2

A
nt

hr
 o

po
m

et
ri

c 
in

di
ce

s 
an

d 
ca

rd
io

va
sc

ul
ar

 r
is

k 
fa

ct
or

s 
of

 th
e 

st
ud

y 
pa

rt
ic

ip
an

ts
 b

y 
ge

nd
er

 f
ro

m
 B

SM
M

U
 h

os
pi

ta
l, 

B
an

gl
ad

es
h 

(N
=

39
0)

.

M
al

e 
(n

=2
70

)
F

em
al

e 
(n

=1
20

)

C
on

tr
ol

 (
n=

13
7)

C
as

e 
(n

=1
33

)
P

 v
al

ue
d

C
on

tr
ol

 (
n=

68
)

C
as

e 
(n

=5
2)

P
 v

al
ue

d

Sm
ok

in
g

N
ev

er
40

 (
29

.6
)

46
 (

34
.6

)
0.

00
2

67
 (

10
0.

0)
50

 (
96

.2
)

0.
18

9

C
ur

re
nt

26
 (

19
.0

)
56

 (
42

.1
)

0
2 

(3
.8

)

Fo
rm

er
69

 (
50

.4
)

42
 (

31
.6

)
0

0

L
ei

su
re

 t
im

e 
ph

ys
ic

al
 a

ct
iv

it
y

M
ild

 o
r 

Se
de

nt
ar

y
12

3 
(9

0.
4)

13
0 

(9
7.

7)
0.

01
8

55
 (

83
.3

)
45

 (
86

.5
)

0.
79

7

M
od

er
at

e 
to

 h
ea

vy
13

 (
9.

6)
3 

(2
.3

)
11

 (
16

.7
)

7 
(1

3.
5)

A
ct

iv
e 

ti
m

e 
ph

ys
ic

al
 a

ct
iv

it
y

M
ild

 o
r 

Se
de

nt
ar

y
10

6 
(7

7.
9)

11
8 

(8
9.

4)
0.

01
3

62
 (

95
.4

)
49

 (
94

.2
)

0.
99

M
od

er
at

e 
to

 h
ea

vy
30

 (
22

.1
)

14
 (

10
.6

)
3 

(4
.6

)
3 

(5
.8

)

D
ia

be
te

s 
m

el
lit

us

 
N

o
12

0 
(8

8.
2)

95
 (

71
.4

)
0.

00
1

49
 (

73
.1

)
33

 (
63

.5
)

0.
31

9

 
Y

es
16

 (
11

.8
)

38
 (

28
.6

)
18

 (
26

.9
)

19
 (

36
.5

)

H
yp

er
te

ns
io

n

 
N

o
85

 (
62

.5
)

44
 (

33
.1

)
<

0.
00

1
50

 (
74

.6
)

14
 (

26
.9

)
<

0.
00

0

 
Y

es
51

 (
37

.5
)

89
 (

66
.9

)
17

 (
25

.4
)

38
 (

73
.1

)

B
od

y 
m

as
s 

in
de

xa
,b

24
.4

 ±
 2

.7
25

.1
 ±

 2
.0

0.
01

3e
23

.3
9 

±
 2

.3
7

25
.3

 ±
 2

.5
<

0.
00

1e

W
ai

st
 C

ir
cu

m
fe

re
nc

ea
,c

86
.4

 ±
 6

.9
88

.9
 ±

 8
.7

0.
00

9e
81

.1
7 

±
 1

1.
37

86
.1

 ±
 6

.9
0.

00
7e

W
ai

st
 h

ip
 r

at
io

a
0.

92
 ±

 0
.0

3
0.

93
 ±

 0
.0

3
0.

17
1e

0.
88

 ±
 0

.0
5

0.
91

 ±
 0

.0
2

0.
00

2e

W
ai

st
 h

ei
gh

t 
ra

ti
oa

0.
54

 ±
 0

.0
4

0.
55

 ±
 0

.0
5

0.
23

0e
0.

52
 ±

 0
.0

7
0.

57
 ±

 0
.0

4
0.

00
1e

B
SM

M
U

: B
an

ga
ba

nd
hu

 S
he

ik
h 

M
uj

ib
 M

ed
ic

al
 U

ni
ve

rs
ity

Pe
rc

en
ta

ge
s 

ar
e 

in
 p

ar
en

th
es

is
 n

ex
t t

o 
ea

ch
 c

ou
nt

.

Integr Obes Diabetes. Author manuscript; available in PMC 2015 November 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khan et al. Page 14
M

is
si

ng
 V

al
ue

s 
m

al
e:

 H
yp

er
te

ns
io

n 
=

1,
 D

ia
be

te
s 

m
el

lit
us

 =
1,

 s
m

ok
in

g 
=

2,
 p

hy
si

ca
l a

ct
iv

ity
 =

1,
 B

od
y 

M
as

s 
In

de
x=

3,
 W

ai
st

 C
ir

cu
m

fe
re

nc
e=

1,
 W

ai
st

 h
ip

 r
at

io
=

1,
 W

ai
st

 h
ei

gh
t r

at
io

=
2

M
is

si
ng

 V
al

ue
s 

fe
m

al
e:

 H
yp

er
te

ns
io

n 
=

1,
 D

ia
be

te
s 

m
el

lit
us

 =
1,

 s
m

ok
in

g 
=

1,
 p

hy
si

ca
l a

ct
iv

ity
 =

2,
 B

od
y 

M
as

s 
In

de
x=

2,
 W

ai
st

 C
ir

cu
m

fe
re

nc
e,

 W
ai

st
 h

ip
 r

at
io

, W
ai

st
 h

ei
gh

t r
at

io
=

4

a M
ea

n 
±

 S
ta

nd
ar

d 
D

ev
ia

tio
n

b B
od

y 
M

as
s 

In
de

x 
ca

lc
ul

at
ed

 a
s 

w
ei

gh
t i

n 
ki

lo
gr

am
/h

ei
gh

t i
n 

m
et

er
 s

qu
ar

e

c C
ir

cu
m

fe
re

nc
e 

in
 c

m

d Pe
ar

so
n 

C
hi

 s
qu

ar
e 

ex
ce

pt
 w

he
re

 n
ot

ed

e In
de

pe
nd

en
t t

 te
st

Integr Obes Diabetes. Author manuscript; available in PMC 2015 November 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khan et al. Page 15

Table 3

Gender specific odds ratio with 95% confidence intervals of Coronary Heart Disease associated with one 

standard deviation change in each measure of obesity, BSMMU hospital, Bangladesh (N=390).

Measure Male (n=270)
OR (95% CI)

Female (n=120)
OR (95% CI)

Body mass index

Unadjusted 1.37 (1.06–1.76) 2.30 (1.49–3.56)

Multivariate Model 1a 1.69 (1.24–2.32) 2.64 (1.61–4.34)

Multivariate Model 2b 1.58 (1.13–2.23) 2.28 (1.27–4.07)

Waist circumference

Unadjusted 1.39 (1.08–1.81) 1.80 (1.14–2.82)

Multivariate Model 1a 1.94 (1.40–2.70) 1.82 (1.12–2.95)

Multivariate Model 2b 1.88 (1.33–2.68) 1.55 (0.95–2.75)

Waist-hip ratio

Unadjusted 1.18 (0.93–1.51) 1.89 (1.25–2.87)

Multivariate Model 1a 1.29 (0.97–1.71) 1.94 (1.23–3.07)

Multivariate Model 2b 1.25 (0.92–1.68) 2.12 (1.17–3.85)

Waist-height ratio

Unadjusted 1.16 (0.91–1.48) 2.19 (1.34–3.56)

Multivariate Model 1a 1.32 (1.01–2.16) 2.32 (1.36–3.96)

Multivariate Model 2b 1.25 (0.98–2.01) 2.02 (1.01–4.3)

BSMMU=Bangabandhu Sheikh Mujib Medical University

OR, odds ratio; 95% CI, 95% confidence interval.

Body Mass Index calculated as weight in kilogram/height in meter square.

a
Logistic regression controlling for age (in years), smoking (never smoker, former smoker, current smoker), education of the participant (college or 

university level education, secondary school, primary school and no schooling), physical activity level during leisure time (sedentary to mild versus 
moderate to strenuous), physical activity level during work time (sedentary to mild versus moderate to strenuous) and residence (urban versus 
rural).

b
Additional adjustment for history of diabetes mellitus and history of hypertension.
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Table 4

Odds Ratio with 95% confidence intervals of Coronary Heart Disease by quartiles of BMI, Waist 

circumference of male participants, BSMMU hospital, Bangladesh (N=270).

Quartiles

Body mass index 1st 2nd 3rd 4th

No of Cases/controls 19/49 40/21 32/35 41/30

Quartile cut off points < 23.15 23.16–24.60 24.62–26.15 26.23–31.37

Unadjusted Ref 4.12 (1.99–8.54) 2.36 (1.15–4.82) 4.07 (1.98–8.38)

Multivariate Model 2a - 3.39 (1.44–8.0) 2.16 (0.95–4.94) 4.78 (2.0–11.44)

Multivariate Model 2b - 3.04 (1.21–7.64) 2.28 (0.94–5.53) 4.01 (1.56–10.29)

Waist circumference (cm)

No of Cases/controls 27/37 35/34 32/36 39/29

Quartile cut off points (cm) < 82.70 83.00–86.70 87.00.0–91.50 92.4.1–120.00

Unadjusted Ref 1.41 (0.71–2.80) 1.22 (0.61–2.42) 1.84 (0.92–3.68)

Multivariate Model 2a - 1.60 (0.69–3.72) 1.57 (0.69–3.60) 3.23 (1.41–7.37)

Multivariate Model 2b - 1.60 (0.64–3.97) 1.80 (0.73–4.43) 2.88 (1.17–7.09)

BSMMU: Bangabandhu Sheikh Mujib Medical University

OR, odds ratio; 95% CI, 95% confidence interval.

Body Mass Index calculated as weight in kilogram/height in meter square.

a
Logistic regression controlling for age (in years), smoking (never smoker, former smoker, current smoker), education of the participant (college or 

university level education, secondary school, primary school and no schooling), physical activity level during leisure time (sedentary to mild versus 
moderate to strenuous), physical activity level during work time (sedentary to mild versus moderate to strenuous) and residence (urban versus 
rural).

b
Additional adjustment for history of diabetes mellitus and history of hypertension.
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Table 5

Odds Ratio with 95% confidence intervals of Coronary Heart Disease by quartiles of BMI, Waist 

circumference of female participants, BSMMU hospital, Bangladesh (N=120).

Quartiles

Body mass index 1st 2nd 3rd 4th

No of Case/controls 7/22 11/18 12/18 21/9

Quartile cut off points < 22.15 22.19–24.14 24.32–26.27 26.33–30.90

Unadjusted Ref 1.92 (0.62–5.97) 2.09 (0.68–6.43) 7.33 (2.31–23.27)

Multivariate Model 2a - 2.73 (0.80–9.29) 2.71 (0.80–9.17) 9.45 (3.09–33.48)

Multivariate Model 2b - 2.06 (0.49–8.55) 1.77 (0.42–7.55) 6.27 (1.33–26.52)

Waist circumference (cm)

No of Cases/controls 7/22 11/19 17/13 14/13

Quartile cut off points (cm) < 78.50 78.80–84.00 84.80–89.00 89.50–106.00

Unadjusted Ref 1.82 (0.59–5.63) 4.11 (1.35–12.54) 3.38 (1.09–10.55)

Multivariate Model 2a - 2.33 (0.69–7.87) 3.78 (1.19–12.09) 3.51 (1.03–12.00)

Multivariate Model 2b - 1.19 (0.26–5.55) 3.61 (0.85–17.18) 2.08 (0.43–9.98)

BSMMU=Bangabandhu Sheikh Mujib Medical University

OR, odds ratio; 95% CI, 95% confidence interval.

Body Mass Index calculated as weight in kilogram/height in meter square.

a
Logistic regression controlling for age (in years), smoking (never smoker, former smoker, current smoker), education of the participant (college or 

university level education, secondary school, primary school and no schooling), physical activity level during leisure time (sedentary to mild versus 
moderate to strenuous), physical activity level during work time (sedentary to mild versus moderate to strenuous) and residence (urban versus 
rural).

b
Additional adjustment for history of diabetes mellitus and history of hypertension.

Integr Obes Diabetes. Author manuscript; available in PMC 2015 November 06.




