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Aim: This study aimed to investigate the difference in adiposity measured by DEXA between people with type 2 diabetes mellitus 
(T2DM) and those without. Moreover, we investigated the most reliable adiposity measure for discriminating people with T2DM from 
those without in clinical settings.
Methods: A cross-sectional study was conducted from the database of Qatar Biobank (QBB), which comprised adults with a previous 
diagnosis of T2DM mellitus in Qatar. t–test and multivariable linear regression models were used to assess the association between 
T2DM and the difference in DEXA and BMI adiposity measures. Moreover, an evaluation of the odds of abnormal waist-hip ratio in 
participants with T2DM using an adjusted multivariable logistic regression was conducted.
Results: Among the participants with T2DM, males had less fat in the leg region, while females had less fat in the legs and gynoid 
regions, compared to individuals without T2DM. Females with T2DM had a higher average BMI. Moreover, the odds of having an 
abnormal waist-to-hip ratio were higher in males and females with T2DM compared to persons without T2DM.
Conclusion: There were different patterns of fat deposition in males and females with T2DM. T2DM was associated with a higher 
BMI in females only. The odds of abnormal waist-hip ratio were higher in individuals with T2DM of both genders. Waist-hip ratio 
showed reliable discrimination for T2DM and has implications for clinical practice.
Keywords: type 2 diabetes mellitus, adiposity, waist Hip ratio, body fat distribution, Qatar Biobank

Introduction
Type-2 Diabetes Mellitus (T2DM) is a chronic metabolic disease characterized by high peripheral glucose levels. The 
global prevalence of T2DM is expected to increase to 7079 individuals per 100,000 by 2030, indicating a significant 
public health concern.1 In Qatar, the prevalence of T2DM among adults was approximately 17% in 2019,2 highlighting 
the need for studies regarding the changes in persons with T2DM to improve clinical assessment and management.

Excessive adipose tissue is a well-established contributor to cardio-metabolic risk, with a wealth of studies under-
scoring its role in health outcomes.3,4 Despite this, there is a scarcity of research focusing on fat distribution in 
individuals with T2DM compared to those without the condition. Traditional anthropometric measurements, such as 
BMI and waist circumference, are commonly used for adiposity estimation but are less sensitive than Dual Energy X-ray 
Absorptiometry (DEXA), which is the gold standard. DEXA offers a detailed assessment of whole body and regional fat 
mass, lean mass, and bone mineral density.5

Understanding the relationship between body fat distribution and T2DM is vital as accumulating evidence indicates 
a direct link between fat accumulation, particularly in specific body regions, and the development of insulin resistance, 
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a key precursor to T2DM.6 However, there is a discernible paucity of research delving into the alterations in fat 
distribution patterns among individuals diagnosed with T2DM. This study was carried out to bridge this research gap 
by employing a comprehensive evaluation of adiposity markers, utilizing the advanced capabilities of DEXA. This study 
aimed to assess the changes in DEXA adiposity markers in people with T2DM and identify the most reliable adiposity 
measure for discriminating between T2DM and no T2DM in clinical settings.

Methods
Study Design
This study is a cross-sectional study of adult participants aged >18 years. All data were obtained from the Qatar Biobank 
database. This study was analyzed as a case-control study. The Qatar Biobank study was initiated in 2012 to recruit 
60,000 participants from the local population of Qatar, including Qatari nationals and long-term residents who have lived 
in the country for at least 15 years. The study is ongoing and continues to engage actively in research activities. The 
study methodology involves collecting detailed personal data and biological samples from the participants during the first 
visit, then repeating the process after five years to assess changes in health status and lifestyle over time. A total of 500 
participants with T2DM and 500 participants without T2DM were included because of the limitation of a maximum of 
1000 subjects given to the researchers by the QBB. Those participants were collected randomly from the QBB database. 
The study protocol was ethically approved by Qatar Biobank Institutional Review Board. Missing data were handled 
during the data cleaning process, where the research team identified any missing or erroneous data points and either 
corrected them or excluded them from the analysis. The research team conducted sensitivity analyses to assess the impact 
of missing data on the study’s results and test the robustness of statistical models used in the analysis.

Participants
The study included adult males and females aged over 18 years who had been diagnosed with T2DM and had available 
DEXA measurements, BMI, and waist-hip ratio. Individuals diagnosed with type 1 diabetes mellitus or with diabetes 
with age of onset earlier than 18 years were excluded from the study.

Exposure
The exposure was defined as a pre-existing diagnosis of T2DM. Establishing the diagnosis of T2DM requires a set of 
criteria to be fulfilled, which includes the use of fasting plasma glucose (FPG), two-hour plasma glucose during a 75 
g oral glucose tolerance test (OGTT), or glycated hemoglobin (HbA1C) for diagnostic testing. Individuals presenting 
with classic symptoms of hyperglycemia (polyuria, polydipsia, polyphagia) and a random blood glucose of 200 mg/dL 
(11.1 mmol/L) or higher can be easily diagnosed with T2DM. In the absence of symptoms, a diagnosis can be established 
if FPG values are≥126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least eight hours, or two-hour 
plasma glucose values of ≥200 mg/dL (11.1 mmol/L) during a 75 g OGTT, or HbA1C value was ≥6.5% (48 mmol/mol).

If an individual is asymptomatic, the same test needs to be repeated twice for confirmation of diagnosis. However, if 
two different tests (eg, FPG and HbA1C) indicate elevated blood glucose levels, then no further testing is required. In 
case two various tests show different results (ie, one shows elevated glucose while the other does not), repeat the test that 
is diagnostic of diabetes to confirm the diagnosis.7

Outcome
The primary outcome of this study was the difference in adiposity markers measured by DEXA. DEXA is an imaging 
modality that provides an in-depth analysis of a person’s body fat tissue percentage in different regions, as well as the 
lean mass and bone density. By generating two photon beams of different energy levels and detecting the difference in 
absorption of the two-photon beams, the DEXA technique can distinguish between bone and soft tissue, allowing for 
precise determination of bone mineral density and fat percentages.5,8 The DEXA adiposity markers that were evaluated 
in this study were regional percentages of fat in the arms, legs, trunk, android, gynoid, and the total percentage of fat.
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Besides DEXA measurements, BMI and waist-hip ratio (WHR) adiposity measures were evaluated as a secondary outcome 
of this study. The BMI is a tool that measures an individual’s weight in relation to their height. BMI is calculated by dividing an 
individual’s weight in kilograms by their height in meters squared. The quotient is used to classify individuals into underweight 
(BMI<18.5), normal weight (BMI 18.5–24.9), overweight (25–29.9), or obese (BMI>30).

Waist-hip ratio is a simple technique for determining central body fat distribution, which is calculated by dividing the 
waist circumference by that of the hip.9

Other Data Collected
Other data collected were nationality, age, gender, income, educational level, employment status, smoking status, 
cholesterol and triglycerides levels, diet, and blood pressure measures.

Statistical Analysis
Baseline characteristics were reported as percentages for categorical variables. Continuous variables were tested for 
normal distribution, and normally distributed data were reported as means and standard deviations, while non-normally 
distributed data were reported as medians and interquartile ranges.

T-tests were used to investigate differences in DEXA adiposity markers between participants with and without 
T2DM. Multivariable linear regression was then used to assess the association between changes in DEXA measures and 
T2DM while adjusting for confounders.

To investigate the association between BMI and T2DM, an adjusted multivariable linear regression was used. 
Moreover, an adjusted multivariable logistic regression was used to assess the odds of having an abnormal waist-hip 
ratio, with the predictor variable as T2DM and the outcome variable as an abnormal waist-hip ratio. The cutoff for an 
abnormal waist-hip ratio was set at 0.815 for females and 0.925 for males.10 The association between T2DM and 
different adiposity markers was investigated with stratification by sex to account for the physiological differences 
between males and females in fat distribution. Linear regression models were conducted in the primary and secondary 
analyses assuming a normal distribution of the DEXA measurements and BMI. Diet and age were accounted for in the 
adjusted analysis. All the statistical analyses were done using Stata software version 17, and exact p-values were 
reported.

Confounders
A direct acyclic graph (DAG) shown in Figure 1 was done to visualize the relationship between the exposure (T2DM), 
the outcome of interest (adiposity), and to select the appropriate confounders, which were; physical activity, age, and diet. 
The confounders were identified based on the literature review and the risk/prognostic factors of the outcome. However, 
it was not possible to adjust for physical activity due to inadequate information on this variable in the Qatar biobank 
database. Therefore, the potential for residual confounding by physical activity remains a limitation of this study.

Figure 1 Direct Acyclic Graph to identify confounders.
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Ethics
The study was reviewed and approved by the Ethics Committee of the Qatar Biobank (QF-QBB-RES-ACC-00077). The 
informed consent was duly obtained from all study participants by Qatar Biobank. All procedures and protocols strictly 
adhered to the guidelines as outlined in the Declaration of Helsinki. Qatar Biobank has an agreement with Qatar University to 
share anonymous data with faculty and students affiliated with Qatar University.

Results
The study sample consisted of 500 with and 500 without T2DM. Most of the participants were Qatari in both groups. 
There are 407 (81.4%) Qatari participants in the group with T2DM and 411 (82.2%) Qatari participants without T2DM.

The median age in the participants without T2DM was 36 years, whereas it was 55 years in the group with T2DM, 
and 54.4% of the group without T2DM participants were females. In the group with T2DM, 47% of the participants were 
women. The median BMI in the group with T2DM was significantly higher than that of those without T2DM (median 
31.5 (IQR 28.1, 35.3) vs 28.9 (IQR 25.1, 32.6), p<0.01) . The waist-hip ratio was 0.8 (IQR 0.7, 0.9) in the group without 
T2DM, which was significantly lower than the median of 0.9 (IQR 0.9, 1.0) in the group with T2DM. Most participants 
in both groups consumed less than three fast-food meals per week, accounting for 82.3% and 91.9% in the group without 
T2DM and the group with T2DM, respectively. However, more participants in the group without T2DM consumed three 
or more fast food meals than in cases. The median HBA1C% in the group without T2DM was 5.3% compared to 7.9% in 
the group with T2DM. (Table 1)

Figure 2 illustrates a comparative analysis of regional fat percentage in participants with and without Type 2 Diabetes Mellitus.
There was a lower mean fat percentage in both legs and gynoid regions in persons with T2DM compared to those 

without, with mean differences of 0.03% and 0.02%, respectively, with very strong evidence against the null hypothesis 
at this sample size (p<0.01 in both cases). In comparison, a higher mean percentage of fat in trunk and android regions 

Table 1 Demographic and Clinical Characteristics of Participants by Diabetes Status

Variable Categories Without T2DM (500) With T2DM (500) P-value

Nationality Non-Qatari 93 (18.6%) 89 (17.8%) 0.74

Qatar 407 (81.4%) 411 (82.2%)

Age in years, median (IQR) 36.0 (28.0, 45.0) 55.0 (48.0, 61.0) <0.001

Sex Female 272 (54.4%) 235 (47.0%) 0.02

Male 228 (45.6%) 265 (53.0%)

BMI, median (IQR) 28.9 (25.1, 32.6) 31.5 (28.1, 35.3) <0.001

Triglyceride, median (IQR) (mmol/L) 1.0 (0.8, 1.5) 1.6 (1.2, 2.2) <0.001

HDL-Cholesterol, median (IQR) (mmol/L) 1.4 (1.1, 1.6) 1.2 (1.0, 1.4) <0.001

LDL-Cholesterol, mean (SD) (mmol/L) 3.0 (0.9) 2.7 (1.0) <0.001

Total Cholesterol, median (IQR) (mmol/L) 4.8 (4.3, 5.5) 4.6 (3.9, 5.6) 0.002

Waist-to-Hip Ratio 0.8 (0.7, 0.9) 0.9 (0.9, 1.0) <0.001

Employment Status Employed 350 (70.0%) 250 (50.0%) <0.001

Unemployed 150 (30.0%) 250 (50.0%)

Monthly Income (QAR) <10,000 106 (22.8%) 142 (31.6%) 0.01

10–50,000 299 (64.4%) 242 (53.8%)

(Continued)
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was observed in those with T2DM, compared to individuals without T2DM with mean difference of 0.04%, with strong 
evidence against the null hypothesis at this sample size. (Table 2)

In females, the average percentage of fat in the legs region was 0.45, and it was lower by 0.03 in women with T2DM 
compared to those without. Similarly, the average percentage of fat in the gynoid region in females without T2DM was 0.47, 
lower by 0.02.

In males without T2DM, the average percentage of fat in the legs region was 0.29. In T2DM, males had a lower average 
fat percentage in the legs region by 0.02, with strong evidence against the null hypothesis at this sample size. (Table 3)

The results from multivariable linear regression showed that the mean BMI in females with T2DM was higher by 
2.69 compared to females without T2DM (Beta=2.69, 95% CI 1.35–4.03, P value<0,001). (Table 4) Waist hip ratios 

Table 1 (Continued). 

Variable Categories Without T2DM (500) With T2DM (500) P-value

50–80,000 33 (7.1%) 34 (7.6%)

>80,0000 26 (5.6%) 32 (7.1%)

Educational Level Primary & Secondary 214 (42.8%) 307 (61.4%) <0.001

Undergraduate 259 (51.8%) 160 (32.0%)

Postgraduate 27 (5.4%) 33 (6.6%)

Smoking status Smoker 102 (20.4%) 75 (15.0%) 0.03

Non-smoker 398 (79.6%) 425 (85.0%)

Fast food consumption/week <3 408 (82.3%) 456 (91.9%) <0.001

≤3 88 (17.7%) 40 (8.1%)

HBA1C %, median (IQR) 5.3 (5.1, 5.5) 7.9 (7.1, 9.1) <0.001

Systolic blood pressure, mean (SD) (mmHg) 113.8 (14.6) 127.9 (15.3) <0.001

Diastolic blood pressure, mean (SD) (mmHg) 67.3 (10.3) 69.0 (11.2) 0.01

Abbreviations: IQR, Interquartile range; QAR, Qatari Riyal; SD, Standard Deviation.

Figure 2 Comparative analysis of regional fat percentage in cases and controls.
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Table 2 t–tests: Comparison of DEXA adiposity measures between 
individuals with and without T2DM

Region The mean difference  
in % of fat*‡

95% Confidence  
interval

p-value

Arms − 0.01 −0.02, 0.01 0.39

Legs 0.03 0.02, 0.05 <0.001

Trunk − 0.04 −0.05, −0.02 <0.001

Android − 0.04 −0.05, −0.03 <0.001

Gynoid 0.02 0.01, 0.03 <0.001

Total − 0.01 −0.02, 0.00 0.07

Notes: *Mean difference of percentage of fat in a specific region of the body between 
people without T2DM and people with T2DM. ‡Mean difference is the result of the 
mean in people without T2DM minus the mean in people with T2DM.

Table 3 Association Between T2DM and Adiposity (Multivariable linear Analysis) **†

DEXA measurements Female Male

The regression  
coefficient for T2D

95% CI p-value Regression  
coefficient for T2D

95% CI p-value

Model 1 (outcome: Arms Region %Fat) 0.00 −0.01, 0.02 0.53 0.01 −0.01, 0.02 0.34

Constant 0.43 0.42, 0.44 >0.001 Constant 0.25 0.23, 0.26 <0.001

Model 2 (outcome: Legs Region %Fat) −0.03 −0.04, −0.01 <0.001 −0.02 −0.04, −0.01 0.01

Constant 0.45 0.43, 0.46 <0.001 Constant 0.29 0.27, 0.30 <0.001

Model 3 (outcome: Trunk Region %Fat) 0.01 0.00, 0.03 0.10 0.00 −0.02, 0.02 0.76

Constant 0.40 0.39, 0.42 <0.001 Constant 0.32 0.30, 0.34 <0.001

Model 4 (outcome: Android Region %Fat) 0.01 −0.01, 0.03 0.32 0.00 −0.02, 0.03 0.78

Constant 0.41 0.39, 0.43 <0.001 Constant 0.34 0.32, 0.36 <0.001

Model 5 (outcome: Gynoid Region %Fat) −0.02 −0.03, - 0.01 0.002 −0.01 −0.03, 0.00 0.10

Constant 0.47 0.46, 0.48 <0.001 Constant 0.32 0.30, 0.34 <0.001

Model 6 (outcome: Total Region %Fat) 0.00 −0.01, 0.01 0.83 0.00 −0.02, 0.01 0.83

Constant 0.41 0.40, 0.42 <0.001 Constant 0.30 0.28, 0.31 <0.001

Notes: ** Multivariable linear regression adjusted for diet (ref <3 fast food meals in a week), age (reference 40–49 years) †Overall, there was fair goodness 
of fit, and goodness of link was assessed to be good.

Table 4 Association Between T2DM and BMI (Multivariable Analysis)

BMI Female Male

Regression 
coefficient

95% CI p-value Regression 
coefficient

95% CI p-value

T2DM 2.69 1.35, 4.03 <0.001 −0.13 −1.27, 1.01 0.82

Constant 25.41 24.08, 26.73 <0.001 26.55 25.37, 27.74 <0.001

Notes: ¶ Multivariable linear regression adjusted for diet (ref <3 fast food meals in a week), age (ref 40–49yrs).
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cutoff was set at 0.815 in females and 0.925 in males. The odds of having an abnormal waist-to-hip ratio were five folds 
higher in females with T2DM than in females without T2DM (OR=5.32, 95% CI 3.26–8.68, P value <0.001). For males 
with T2DM, the odds of having an abnormal waist-hip ratio were three folds higher than for males without T2DM. 
(OR=3.32, 95% CI 2.01–5.48, P value <0.001) (Table 5) On assessment of the area under the curve for all the previously 
assessed adiposity markers, the waist-hip ratio showed the greatest area under the curve (0.80), followed by BMI (0.63), 
trunk (0.59), and android regional percentage of fat. (Figure 3)

The analysis of link functions was performed to ensure the correct specification of the relationship between predictors 
and response variable. (Supplemental Figures 1–17)

Discussion
This study shows that with stratification by gender and adjustment for confounders, females with T2DM had a lower 
average percentage of fat in the legs and gynoid. At the same time, males with T2DM had a lower average percentage of 
fat in the legs only. Although there was loss of fat in certain regions, it is unlikely to be clinically significant given that 
the mean percentage difference was small. This finding requires further investigation. The observed patterns underscore 
the necessity for a more comprehensive investigation to understand the underlying mechanisms and potential long-term 
implications of these fat distribution differences in individuals with T2DM. Further research could provide valuable 

Figure 3 ROC curve depicting the area under the curve for anthropometric markers.

Table 5 Association Between T2DM and Waist Hip Ratio (Multivariable Analysis) § ¦

Abnormal Waist  
to Hip Ratio

Female Male

OR 95% CI p-value OR 95% CI p-value

T2DM 5.32 3.26, 8.68 <0.001 3.32 2.01, 5.48 <0.001

Constant 0.08 0.04, 0.19 <0.001 0.13 0.06, 0.27 <0.001

Notes: § Multivariable logistic regression adjusted for diet (ref <3 fast food meals in a week), age (ref 40–49yrs) ¦ overall, 
there was fair goodness of fit, and goodness of link was good.
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insights, aiding in the development of gender-specific strategies for managing and mitigating the risks associated with 
T2DM.

Moreover, the assessment of other markers showed gender-specific features. In females, T2DM was associated with 
a higher average BMI. The findings suggest a significant increase in the odds of having a high waist-hip ratio in T2DM in 
both genders but the fold increase in odds of having a high waist-hip ratio was higher in females than males. This is 
worth further investigations to understand mechanisms for differential body composition in relation to T2DM in females 
compared to males. Even though DEXA measurement models suggested that there was a lower average percentage of fat 
in certain areas in each gender with T2DM, BMI showed a higher average in females with T2DM, and there was an 
increase in the odds of an abnormal waist hip ratio in both genders with T2DM. . BMI accounts for the whole body while 
the waist-hip ratio combines two regions in the body. Therefore, area-specific changes are masked in BMI and the waist- 
hip ratio. Although DEXA measurements demonstrate more accurate changes in the fat distribution, the waist hip ratio 
showed a larger area under the ROC curve than any DEXA measurements or BMI. This suggests that the waist-hip ratio 
can discriminate between participants with T2DM and those without T2DM. A higher waist-hip ratio can distinguish 
between T2DM and no diabetes in a clinical setting better than any other measure that was assessed. A study on the 
Taiwanese population also showed the superiority of waist-hip-ratio over BMI as a marker forh T2DM, which supports 
this study’s findings.11 This is important clinically because the waist-hip ratio is easy to obtain and is not expensive.

The observed disparity in fat loss across different regions between females and males within this study shows gender- 
specific fat loss in the context of T2DM. One plausible explanation for this observation might be rooted in the gender- 
based variations in diabetes management and control. Previous research suggested that insulin sensitivity is higher and, 
that women have higher capacities for insulin secretion and incretin responses than men; although, these sex advantages 
all disappear when glucose tolerance deteriorates towards diabetes.12 Further, evidence suggests that gender significantly 
influences diabetes risk factors, progression, and outcomes, necessitating tailored, gender-specific approaches in both 
clinical interventions and research.13,14 Specifically, it is postulated that women might face unique challenges in diabetes 
management compared to their male counterparts, potentially influencing their commitment and adherence to treatment 
regimens. This is not to say that women exhibit lesser commitment, but rather their approach and responsiveness to 
treatment plans may differ due to a variety of factors, including physiological and psychosocial dimensions. Furthermore, 
women might possess distinct adaptability mechanisms when it comes to disease management, which could subsequently 
impact their fat distribution patterns in the context of T2DM. A scoping review support this finding; illness perception 
leads to medication adherence, which varies according to one’s knowledge of T2DM and gender.15 This study sheds light 
on this underexplored area, showing potential gender-specific adiposity changes in T2DM patients. By highlighting these 
findings, the necessity for greater understanding and development of a tailored and gender-sensitive approach to diabetes 
care and management is appreciated. Thispaves the way for future research endeavors aimed at unraveling the complex-
ities of gender differences in T2DM management and their implications on adipose tissue distribution.

In this study fat composition was assessed by DEXA scans; these scans are capable of measuring both visceral and 
subcutaneous fat. The visceral adipose tissue (VAT) can be estimated from the total abdominal fat measured by DXA. 
Although DEXA is efficient and validated for general population visceral fat assessment, its potential for VAT over-
estimation is a noted limitation.18,19 Therefore, the role of visceral adipose tissue was not discussed in this study.

Since the waist-hip ratio considers waist circumference, the waist-hip ratio is an index of the abdominal subcutaneous 
fat level.20 The results in this study demonstrate that participants with T2DM had greater odds of having an abnormal 
waist-hip ratio, suggesting that abdominal subcutaneous fat has a role in T2DM. The role of abdominal subcutaneous fat 
in disease states has largely been, with conflicting evidence surrounding its role as a metabolic risk factor, with more 
studies suggesting that abdominal visceral fat is the more metabolically active fat that confers greater metabolic risk.21,20 

However, emerging evidence supports the hypothesis of this study regarding the metabolic activity of abdominal 
subcutaneous fat, where some studies have shown that the waist-hip ratio is a better marker of risk.21 This suggests 
that despite the limitations in visceral fat estimation in this study, subcutaneous fat distribution is an important factor in 
T2DM, warranting further exploration.

The study had several strengths points. First, this study investigated the changes measured by three different 
measures: DEXA, BMI, and waist-hip ratio. Second, participants were stratified by gender to eliminate any physiological 
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differences and adjusted for important: age and diet. Third, this study provides an ROC curve incorporating all the 
assessed markers to identify the best predictor of type 2 diabetes.

The study has some limitations. First, the cross-sectional sample in this study suffers from temporal ambiguity and 
selection bias, including volunteer bias. Second, the dataset lacked information about diabetes duration, drug use, and 
physical activity. Therefore, it was not possible to adjust for these variables. Participants’ physical activity is important 
for the fat distribution in both the primary and the secondary analyses, as indicated in the DAG. However, more 
information regarding physical activity was needed. Lastly, the data regarding the participants’ diet may not have been 
sufficient. Thus, for the diet variable, which is an important predictor for fat distribution, one question that assessed the 
number of fast-food per week was used, but more was needed to fully adjust for diet.

Conclusion
T2DM is associated with a lower average percentage of fat in the legs and, in females, while in males, this difference was 
seen in the region only. The odds of having an abnormal waist-hip ratio were increased in both genders with T2DM. The 
average BMI was higher in females with T2DM only. Out of all the markers assessed, the waist-hip ratio was the best 
discriminator for tT2DM. Waist to hip ratio can be used immediately in clinical practice as it is easy, relatively reliable, 
and economical. Further studies to assess why females with T2DM exhibit differential fat composition and loss of fat in 
more areas than males are recommended.
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