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Abstract  Original Research Article 
 

Introduction: Diabetes mellitus is a chronic disease which requires continuing medical care and education to prevent 

acute complications and to reduce the risk of long-term complications. A higher prevalence of diabetes was found in 

urban (8.1%) compared with rural populations (2.3%). Age, Sex, and waist-to-hip ratio for men were significant risk 

factors for both urban and rural subjects following fasting and 2-h post-glucose values adjusted for a number of 

confounding variables. Over a period of time, anthropometric parameters have evolved into reliable indicators for 

predicting the incidence of DM. This study examined association between anthropometry and type2 Diabetes mellitus. 

Aim of the study: The aim of this study was to know the value of Anthropometric indices in type-2 diabetic patients. 

Methods: This was an observational cross-sectional study and was conducted in the Department of Medicine and 

Endocrine in Dhaka Medical College Hospital (DMCH) and BIRDEM, Dhaka, Bangladesh during the period from July 

2012 to December 2012. In total 100 patients both male and female were included in the study. Statistical analysis was 

done by using SPSS (Statistical Package for Social Science) Version 22 for windows 10 Result: In this study, 70% 

patients were found in above 45 years of age group. Of them, male was 58% and female 42%. That is the ratio was 3:2. 

Among them, 25% patients were businessman, housewife (20%), unemployed (12%), farmer (10%), service holder 

(10%). 47% were from rich families and 43% were from middle class families. Among anthropometric measurements 

of the type-2 diabetic patients, a mean WC 92cm for male, 90cm for female and 91cm for both sexes; a mean HC of 

100cm for male, 102cm for female, 101cm for both sexes; a mean WHR of 0.92 for male, 0.88 for female, 0.90 for both 

sexes; a mean TC of 46 for male, 49cm for female, 47.5cm for both sexes; WHtR 0.53 for male, 0.56 for female, 0.54 

for both sexes were associated with highest diabetic incidence 18%, 12% & 30% respectively. Conclusion: 

Anthropometric indices are valuable tools in assessing obesity and type 2 diabetes due to their simplicity and accuracy. 

While institutions like ICDDRB and BIRDEM have studied these indices, they often focus on individual parameters. 

Keywords: Anthropometric indices, Type 2 diabetes, WC, HC TC, WHR, WHtR. 
Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 
author and source are credited. 

 

INTRODUCTION 
Diabetes mellitus is a chronic disease which 

requires continuing medical care and education to 

prevent acute complications and to reduce the risk of 

long-term complications. A higher prevalence of 

diabetes was found in urban (8.1%) compared with rural 

populations (2.3%). Age, Sex, and waist-to-hip ratio for 

men were significant risk factors for both urban and rural 

subjects following fasting and 2-h post-glucose values 

adjusted for a number of confounding variables [1]. 

Obesity is known to be a cause of insulin resistance. 

Insulin resistance will cause hyperinsulinemia and 

impaired glucose tolerance, eventually causing Type 2 

diabetes. Weight reduction of 5 to 9 kg without achieving 

the optimum weight will be able to control one’s diabetic 

condition. The United Kingdom Prospective Diabetes 

Study on type 2 diabetes patients found that the level of 

blood glucose was greatly improved in those who 

achieved weight reduction [2]. 

 

Obesity is associated with a higher prevalence 

of hypertension, type 2 diabetes mellitus and 

dyslipidaemia [3]. In a rural population of Bangladesh an 

increased prevalence of diabetes was found with 6.8% in 

the present survey compared with 2.3% in earlier survey. 

Age, BMI and systolic blood pressure were found to be 

significant risk factors following both for Fasting Blood 

Glucose (FBG) and for Oral Glucose Tolerance Test 
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(OGTT). Differences in the indices of obesity that is 

body mass index (BMI), waist–hip ratio (WHR), and 

waist girth, may in part explain the increased prevalence, 

which in turn may explain due to fast expanded 

urbanization [4]. Obesity anthropometric indexes such as 

body mass index (BMI), waist circumference (WC), 

waist–hip ratio (WHR), and waist to height ratio 

(WHtR), thigh circumference are all useful 

anthropometric measurements to provide important 

information. Apart from the association between 

anthropometric indices in type 2 Diabetes Mellitus 

patients and cardiovascular risks, it is also important to 

define the cut off values of an individual index to allow 

effective screening [5]. In recent years, non-

communicable diseases (NCD) like obesity, 

hypertension (HTN) and Type 2 diabetes are on the 

increase, especially in the developing nations. Body 

mass index (BMI), waist-to-hip ratio (WHR) and Waist-

to-height ratio (WHtR) are used as indices of obesity to 

relate Type-2 DM, hypertension and coronary artery 

disease (CAD) which are the major determinants of 

morbidity and mortality [6]. Simple anthropometrical 

measurements have been used as surrogate 

measurements of obesity and have more practical value 

in both clinical practice and for large scale 

epidemiological studies. Body Mass Index which relates 

weight to height is a simple measure of body size. Waist 

circumference and waist–hip ratio (WHR) are 

alternatives to Body Mass Index. Waist circumference is 

the best simple measure of both intra-abdominal fat mass 

and total fat [7]. Diabetes is becoming an epidemic 

disease in Asian countries like Bangladesh. There is an 

urgent need to evolve methods of primary prevention in 

these populations to save the community from the burden 

of diabetes and its sequelae. There is compelling 

evidence that indicates that maintenance of ideal BMI by 

lifestyle modifications helps to delay or postpone the 

onset of diabetes. Therefore, identification of the normal 

cutoff values for each population is the primary step, 

since universal criteria do not hold good for all races. 

Because upper body adiposity is also an important risk 

indicator for insulin resistance, the cutoff values for 

Waist Circumference and Waist-Hip Ratio have also 

been determined. The risk of diabetes was significant at 

BMI -23 kg/m2 for urban Indians [8]. 

 

Obesity has emerged as a major disorder 

associated with many metabolic diseases in both 

developed and developing countries. Although obesity 

has a genetic etiology, the major precipitating factor is 

environmental, mostly related to sedentary life style and 

causing conservation of energy as body fat. A positive 

association between obesity and the risk of developing 

type 2 diabetes has been consistently observed in many 

populations [9]. Central obesity is an independent risk 

factor for cardiovascular disease, particularly in women. 

In most developed countries, the prevalence of obesity is 

increasing steadily, and has reached epidemic proportion 

in some populations with a resultant increase in 

cardiovascular disease burden. The fundamental basis of 

the association between obesity and type 2 Diabetes 

Mellitus is a subject under intense scrutiny [10]. 

Individual with type 2 Diabetes Mellitus are at particular 

risk of the adverse consequence of obesity, and the 

interaction of both disorders with other component of 

metabolic syndrome culminate in an increase in macro 

vascular and micro vascular complication and the 

associated reduction of in quality of life. Body mass 

index (BMI), which relates weight to height, is the most 

widely used and simple measure of body size and it is 

frequently used to estimate the prevalence of obesity 

within a population. Body Mass Index does not reflect 

body fat distribution, whereas the intra-abdominal 

deposition of adipose tissue is a major contributor to the 

development of hypertension, insulin resistance, 

Diabetes Mellitus and dyslipidemia. Thus, other 

anthropometric indices such as waist circumference 

(WC), hip circumference (HC), thigh circumference, 

waist to height ratio (WHtR), and waist to hip ratio 

(WHR) have been used as alternatives to Body Mass 

Index. Waist circumference is increasingly being 

accepted as the best anthropometric indicator of 

abdominal adiposity and metabolic risk. The muscle 

mass might may be better reflected by the thigh 

circumference. The thigh circumference might be a 

better indicator for the leg muscle mass than the hip 

circumference because it might be less influenced by the 

bone (pelvic width) and the gluteal fat [11]. Obesity is a 

chronic disease that has been increasing significantly 

worldwide; being one of the main risk factors for the 

developing of type-2 diabetes. The pattern of distribution 

of body fat and visceral adipose, when altered, can 

induce to the emergency of both Diabetes Mellitus and 

glucose intolerance, being related to ages below 65 years 

old [12]. The abdominal obesity, translated by the waist 

circumference in the presence of overweight, is 

associated to the insulin resistance as well as to 

metabolic syndrome, being more correlated to metabolic 

risk factors then to the isolated increasing of Body Mass 

Index. On the other hand, waist-to-height ratio has been 

reported to be an effective predictor of metabolic risks 

and it may be a better measure of relative fat distribution 

amongst subjects of different age and statures. 

Bangladeshi data lack in this perspective [13]. The 

abdominal circumference presented itself as a rate of 

adiposity better than the other rates, reporting strong risk 

factor to health, once it is responsible to the accumulation 

of abdominal fat. This fat distribution in the abdomen 

seems to be a metabolically active tissue, constantly 

renewing itself. In addition, in relation to lipolysis, this 

tissue seems to be more sensitive to catecholamines, 

which differs from the preservative action of the insulin 

[14]. For many physically in active people who are 

overweight, any kind of physical activity appears 

difficult, and this often prevents people who are obese 

from initiating and adhering to specific form of physical 

activity [15]. The study aims to know the value of 

Anthropometric indices in type-2 diabetic patients. 
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OBJECTIVES 
The main objective was to know the value of 

Anthropometric indices in type-2 diabetic patients. 

 

METHODOLOGY & MATERIALS 
This was an observational cross-sectional study 

and was conducted in the Department of Medicine and 

Endocrine in Dhaka Medical College Hospital (DMCH) 

and Bangladesh Institute of Research and Rehabilitation 

for Diabeties (BIRDEM), Dhaka, Bangladesh during the 

period from July 2012 to December 2012.  

 

The study was conducted on 100 adult patients 

(aged over 25 years) diagnosed with type 2 diabetes 

mellitus, who were admitted to the Medicine and 

Endocrine departments of DMCH and BIRDEM. Data 

collection spanned 180 days, with each participant 

undergoing an interview lasting up to one hour. The 

required equipment included a digital weight scale, a 

wall-mounted stadiometer, a calculator, a measuring 

tape, a worksheet on a clipboard, and a telephone. 

Anthropometric measurements were taken with 

participants barefoot and wearing light clothing. Weight 

was measured to the nearest 0.1 kg and height to the 

nearest 0.1 cm. Body Mass Index (BMI) was calculated 

as weight divided by height squared (kg/m²). Waist 

circumference was measured midway between the 

lowest rib and the iliac crest, hip circumference at the 

widest point of the buttocks, and thigh circumference just 

below the gluteal fold. Waist-to-hip ratio (WHR) and 

waist-to-height ratio (WHtR) were then calculated. Data 

collection involved interviews, physical examinations, 

medical history review, consultation records, and 

adherence to a structured protocol. Inclusion criteria 

included adults over 25 years of age with type 2 diabetes 

who provided informed consent. Patients with co-morbid 

conditions, those under 25 years, or those unwilling to 

participate were excluded. Diabetes was defined 

according to standard clinical criteria, including elevated 

fasting glucose (≥7.0 mmol/L), postprandial glucose 

(≥11.1 mmol/L), HbA1c >6.5%, or random plasma 

glucose ≥200 mg/dL in symptomatic individuals. 

Patients who were fulfilled the inclusion criteria and 

willing to enroll in the study were included in the study 

after receiving the informed written consent. 

 

Statistical Analysis: All data were recorded 

systematically in preformed data collection form and 

quantitative data was expressed as mean and standard 

deviation and qualitative data was expressed as 

frequency distribution and percentage. Statistical 

analysis was carried out by using Statistical analysis was 

done by using SPSS (Statistical Package for Social 

Science) Version 22 for windows 10. P value <0.05 was 

considered as statistically significant. Confidentially was 

strictly maintained. 

 

RESULT 

 

 
Figure 1: Age distribution of our study subjects (N=100) 

 

Figure 1 showed that the majority of participants were aged 45–54 years (18 males, 12 females), followed by 55–

64 years. 
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Table 1: Baseline characteristics of the study population 

Characteristics Frequency Percentage (%) 

Mean age 45.75 ±12.72 

Gender Male 58 58 

Female 42 42 

Marital Status Married 70 70 

Unmarried 25 25 

Widow 5 5 

Occupation Farmer 10 10 

Businessmen 25 25 

Teacher 8 8 

Service holder 10 10 

Housewives 20 20 

Student 8 8 

Unemployed 12 12 

Others 7 7 

Monthly Income <10,000 10 10 

10,000-20,000 43 43 

>20,000 47 47 

Area Rural 24 24 

Urban 76 76 

 

In table 1 we showed the baseline 

characteristics of the respondents. The mean age was 

45.75 ±12.72 years. Among the 100 participants, 58% 

were male and 42% were female. The majority of the 

participants were married (70%), followed by 25% who 

were unmarried and 5% who were widowed. In terms of 

occupation, businessmen made up the largest group 

(25%), followed by housewives (20%), service holders 

(10%), and farmers (10%), while students and teachers 

each represented 8%, the unemployed accounted for 

12%, and 7% fell under the category of others. Regarding 

monthly income, 47% of participants reported earning 

more than 20,000 BDT, 43% earned between 10,000 and 

20,000 BDT, and 10% earned less than 10,000 BDT. The 

majority of the participants (76%) were from urban 

areas, while 24% resided in rural regions. 

 

 
Figure 2: Family history of diabetes among study participants 

 

Figure 2 showed that a majority of the study participants (62%) reported a positive family history of diabetes, 

while 38% had no such family background. 
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Table 2: Mean Waist, Hip, Thigh circumference (cm) among the type 2 diabetic patients 

Age WC (cm) HC (cm) TC (cm) 

25-34 Male 88 (7%) 99 (7%) 44 (7%) 

Female 86 (6%) 101 (6%) 50 (6%) 

Both 87 (13%) 100 (13%) 47 (13%) 

35-44 Male 93 (10%) 101 (10%) 45 (10%) 

Female 91 (7%) 103 (7%) 47 (7%) 

Both 92 (17%) 102 (17%) 46 (17%) 

45-54 Male 92 (18%) 100 (18%) 46 (18%) 

Female 90 (12%) 102 (12%) 49 (12%) 

Both 91 (30%) 101 (30%) 47.5 (30%) 

55-64 Male 95 (13%) 101 (13%) 43 (13%) 

Female 93 (9%) 102 (9%) 47 (9%) 

Both 94 (22%) 101.5 (22%) 45 (22%) 

>65 Male 99 (10%) 102 (10%) 42 (10%) 

Female 97 (8%) 104 (8%) 45 (8%) 

Both 98 (18%) 103 (18%) 43.5 (18%) 

25-65+ Male 93.4 (58%) 100.6 (58%) 44 (58%) 

Female 91.4 (42%) 102.4 (42%) 47.5 (42%) 

Both 92.4 (100%) 101.5 (100%) 45.8 (100%) 

Correlation Coefficient (r) Male 0.94 0.83 -0.6 

Female 0.51 0.34 -0.32 

Both 0.94 0.78 -0.79 

 

Table 2 shows that type 2 diabetic patients, the 

highest incidence (30%)—18% in males and 12% in 

females—was associated with specific mean 

anthropometric measurements. A mean waist 

circumference of 92 cm in males, 90 cm in females, and 

91 cm overall corresponded with this peak. Similarly, a 

hip circumference of 100 cm in males, 102 cm in 

females, and 101 cm overall, along with a thigh 

circumference of 46 cm in males, 49 cm in females, and 

47.5 cm overall, was linked to the same distribution of 

diabetes incidence. 

 

Table 3: Mean Waist to Hip Ratio and Waist to Height Ratio among Type 2 Diabetic Patients 

Age WHR WHtR 

25-34 Male 0.89 (7%) 0.51 (7%) 

Female 0.85 (6%) 0.52 (6%) 

Both 0.87 (7%) 0.52 (13%) 

35-44 Male 0.92 (10%) 0.54 (10%) 

Female 0.88 (7%) 0.56 (7%) 

Both 0.90 (17%) 0.55 (17%) 

45-54 Male 0.92 (18%) 0.53 (18%) 

Female 0.88 (12%) 0.56 (12%) 

Both 0.90 (30%) 0.54 (30%) 

55-64 Male 0.94 (13%) 0.58 (13%) 

Female 0.91 (9%) 0.6 (9%) 

Both 0.93 (22%) 0.59 (22%) 

>65 Male 0.97 (10%) 0.62 (10%) 

Female 0.93 (8%) 0.61 (8%) 

Both 0.95 (18%) 0.61 (18%) 

25-65+ Male 0.93 (58%) 0.56 (58%) 

Female 0.89 (42%) 0.57 (42%) 

Both 0.91 (100%) 0.56 (100%) 

Correlation Coefficient (r) Male 0.97 0.94 

Female 0.62 0.70 

Both 0.98 0.94 

 

Table 3 shows the Waist to Hip Ratio and Waist 

to Height Ratio among type 2 diabetic patients. A mean 

Waist-to-Hip Ratio (WHR) of 0.92 in males, 0.88 in 

females, and 0.90 overall, along with a Waist-to-Height 

Ratio (WHtR) of 0.53 in males, 0.56 in females, and 0.54 

overall, were associated with the highest type 2 diabetes 
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incidence—18% in males, 12% in females, and 30% 

collectively. 

 

DISCUSSION 
Type-2 DM is the most common form of 

Diabetes (90-95%), exhibiting an alarming prevalence 

among peoples. Its main risk factors include obesity, 

rapid urbanization, physical inactivity, aging, nutrition 

transition & socioeconomic changes. DM and obesity 

have a complex relationship, with type-2 Diabetes 

strongly associated obesity. Obesity has now an emerged 

as an important clinical & public health problem 

worldwide including middle- & low-income country 

[40]. In 2013, the World Health Organization (WHO) 

reported that 1.4 billion adult aged>20 was overweight, 

and of these, over 200 million men and nearly 300 

million women were obese. Epidemiological studies 

have shown overweight and obesity as an independent 

risk factor of type-2 Diabetes [41]. Since the study 

conducted among type 2 Diabetes patients,30% were 

within 45-54 years and 22% were within 55-64 years of 

age. i.e. 52% of the total population under the study was 

within 45-64 years of age. The mean age of total type 2 

Diabetes patients was 45.75 ±12.72 years, of them male 

and female were 45 and 42 years respectively. The age 

range of this study population was from 25-65+ years. In 

DMCH & BIRDEM study, the majority of the type 2 

Diabetic patients were of above 35 years & peak age 

incidence was within 45-64 years. As the prevalence of 

Diabetes increases, the population of young people with 

Diabetes also increases [42]. Most of the participants 

were male (58%) in comparison to female (42%). The 

ratio was 3:2. The prevalence of Diabetes is higher in 

men than women. In DMCH & BIRDEM it was 3:2. 

Most of the patients (47%), whose monthly income were 

above 20,000 takas, where as 43% who had monthly 

income between 10,000-20,000 takas, only 10% patients 

had monthly income less than 10,000 taka. As most of 

the participants were businessmen, they belong to high 

socioeconomic condition. There is no such data in 

Bangladesh to suggest that high socioeconomic 

condition is associated with higher rate of Diabetes. But 

various recent studies have shown an association 

between urbanization, economic development and 

increase prevalence of DM in developing countries [42]. 

 

 Among anthropometric measurement of type 2 

Diabetes patients, a mean WC of 92cm for male, 90cm 

for female and 91cm for both sexes were associated with 

highest diabetes incidence, 18%, 12%, and 30% 

respectively. In other study, it was suggested that a WC 

of 82 cm for men, 81 cm for women and 82 cm for both 

sex (Canada rural Diabetic study). Recently a national 

survey of non-communicable disease (NCD) risk factor 

conducted by Bangladesh Society of Medicine under 

guidance of Director General of Health service ((DGHS) 

with technical assistance of from WHO, was carried out 

in Bangladesh from November 2009 to April 2010 in 

adult aged 25 years or older. The survey shows that mean 

WC in both sexes among Bangladeshi people is 76.6 

(76.4-76.8) and percentage of increased WC 

(mean>91cm, women>80 cm) in both sexes is 21.7 

(20.9-22.6) (Bangladesh NCD risk factor survey, 2010). 

Our findings almost consistent with this survey, further 

longitudinal studies in a large scale are necessary in 

future. Other anthropometric indices like HC were also 

associated with type 2 DM. This study showed that a 

mean HC of 100 cm for male,102 cm for female and 101 

cm for both sexes were associated with highest diabetic 

incidents 18%,12%&30% respectively. Also found the 

similarity where a mean HC of 105 cm were strongly 

associated with highest diabetic events among UK 

population [43]. Unlike some other studies, this study did 

not find the protective effect of a larger HC. A relatively 

small sample size or imprecision of the measurements 

cannot be excluded as possible explanation. This study 

also showed that WHR of 0.92 for male, 0.88 for female 

&0.90 for both sexes were associated with highest 

diabetic incidents 18%, 12% &30% respectively. This 

study also showed that a mean WHtR of 0.53 for male, 

0.56 for female, 0.54 for both sexes were associated with 

highest diabetic incidents 18%, 12% & 30% 

respectively. Mean thigh circumference of 46 cm for 

male, 49 cm for female& 47.5 cm for both sexes were 

associated with highest diabetic incidents 18%,12% & 

30% respectively. Larger thigh & hip circumferences 

could also reflect increased femoral & gluteal 

subcutaneous fat respectively. Particularly women these 

depots have a relatively high lipoprotein lipase activity& 

a relatively low rate of basal & stimulated lipolysis these 

depots may protect the liver & muscle from a high 

exposure to free fatty acids through uptake and storage 

[44]. The interpretation of the hip circumferences 

however may be different between in men & women. It 

is possible that the variation in the gluteal fat mass & the 

pelvic width, whereas in men, the muscle mass might be 

the main determinant. WHO threshold cut off values 

adopted for anthropometrical parameters were 

BMI=>25kg/m2,WC=> 85cm for males and =>80cm for 

females, WHR=>0.90 for males and=>0.85 for females 

and WHtR=>0.53 for both men and women in Asian 

People [45]. The present study shows that, the mean 

values were above the threshold cut off values for 4 of 5 

measured anthropometric parameters and the duration of 

diabetes mellitus has a positive correlation with WC, HC, 

WHR, WHtR. Whereas a negative correlation with the 

thigh circumferences. Further research is needed to 

elucidate the underlying mechanism that may lead to the 

negative association of the thigh circumferences with 

diabetes mellitus. 

 

Limitations of the study 

Since our study was conducted at a single 

center. Firstly, the study may have been limited by a 

relatively small sample size, which could affect the 

generalizability of the findings to a larger population. 

Additionally, anthropometric measurements were taken 

after the diagnosis of type 2 diabetes, which may not 

accurately reflect the participants' premorbid obesity 

status. Measurement error is also a possibility, 
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particularly since waist circumference was recorded at 

the umbilical level instead of the standard midpoint 

between the lower rib and iliac crest. Furthermore, the 

study employed a cross-sectional design and data were 

collected from only two urban hospitals, which limits the 

representation of the broader national population. Lastly, 

the study was conducted over a short duration, restricting 

the scope of long-term 

 

CONCLUSION 
This study shows that there is a strong 

correlation between Type-2DM and anthropometry. As 

age advances, the chance of DM increases in both men 

& women with elevation in WC or WHR. It is most 

common in obese, between the ages of 45-64 years. 

Among the various anthropometric measurements, WHR 

is the single best anthropometric measurement which 

strongly correlates well with DM. WHR includes a 

measurement of HC also. Although there may be 

advantages of the WHR over the WC, WHR is more 

difficult to perform & a less reliable measure than WC. 

Furthermore, WHR may be in appropriate to assess 

obesity or weight loss. A non-obese & an obese 

individual could theoretically have the same WHR, 

which could remain constant during weight change. 

Besides this, patients may show reluctance to allow hip 

measurements to be taken, as this requires disrobing. 

Thus the choice to use WC or WHR may depend on the 

setting, as in a physicians’ office it is more feasible to 

measure WC, whereas in research studies, it appears to 

be more informative to measure WHR. 

 

Anthropometric measurements are simple, non-

invasive, inexpensive, highly available and very much 

practical in our routine clinical practice in medicine as 

assessment tool, especially for our country. It may be 

used in screening programs to predict the risk of obesity-

related diseases like type-2DM etc. Thus, we will be able 

to intervene accordingly to reduce the morbidity and 

mortality of diabetes. Moreover, further longitudinal 

studies are necessary considering above mentioned 

limitations to validate & expand these results & its value 

as a prognostic marker, as well as the cut-off values that 

better fit. 
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