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ABSTRACT 
Background: Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease that is strongly associated to obesity, and this 
leads to exacerbation of insulin resistance and changes in lipid metabolism. High body mass index (BMI) has been related with 
defects in glycemic regulation and dyslipidemia, making the cardiovascular risk higher. 
Objectives: The purpose of this study was to determine if elevated BMI impacts glycemic indices and lipid profiles in T2DM 
patients. It also aimed to explore the effect of other demographic factors like age, sex, duration of diabetes, educational level, 
urban/rural residency, physical activity, and socioeconomic status. 
Methods: From January 2022 to December 2022, a cross-sectional study was conducted at Liaquat University of Medical & 
Health Sciences (LUMHS), Jamshoro, Pakistan. In total, 100 T2DM patients were stratified into 3 groups according to BMI: 
normal weight (BMI 18.5–24.9 kg/m²), overweight (BMI 25–29.9 kg/m²), and obese (BMI ≥30 kg/m²). Blood samples were taken 
fasting to measure the glycemic indices (fast blood glucose and HbA1c) and lipid profile parameters (total cholesterol, LDL, 
HDL, and triglycerides). Also recorded were demographic and clinical data. ANOVA and multivariate regression were performed 
on statistical analysis, with a significance at p < 0.05. 
Results: Fasting blood glucose (145 ± 15 mg/dL) and HbA1c (8.5% ± 0.7%) were significantly higher in obese (p < 0.001) than 
normal weight (120 ± 10 mg/dL and 7.2% ± 0.5%, respectively) and overweight (130 ± 12 mg/dL and 7.8% ± 0.6%, respectively) 
patients. Total cholesterol (210 ± 20 mg/dL), LDL (130 ± 15 mg/dL), and triglycerides (200 ± 25 mg/dL) were markedly elevated, 
HDL (40 ± 5 mg/dL) was reduced, and all (p < 0.001) compared to other groups. The demographic data also revealed that 
obese patients had a longer duration of diabetes, a lower level of education, and lower physical activity. 
Conclusions: In T2DM patients, elevated BMI is associated with worse glycemic control and more atherogenic lipid profile. As 
a result, these findings underscore the necessity of combining weight management and lifestyle modifications with other 
components of the comprehensive treatment of T2DM aimed at a reduction of the cardiovascular risk. 
Keywords: Type 2 diabetes mellitus, body mass index, glycemic control, dyslipidemia, obesity, cardiovascular risk, lipid 
metabolism. 

 

INTRODUCTION 
Type 2 diabetes mellitus (T2DM) is a multifactorial metabolic 
disorder with chronic hyperglycemia as the main feature, 
predominantly due to insulin resistance and β-cell dysfunction. 
Over the last few decades, T2DM has become a major public 
health problem worldwide due to a strong association with obesity 
and sedentary lifestyles1. The study of the interplay between 
elevated body mass index (BMI) and metabolic dysregulation has 
increased in clinical research as a function of the increasing 
prevalence of overweight and obesity, particularly in industrialized 
nations2. 
 While BMI is often used as a quantifier for obesity, it is more 
than just an excess accumulation of adipose tissue, obesity is a 
pathological state characterized by chronic low-grade 
inflammation, altered adipokine secretion, and hormonal 
imbalance3. However, these disturbances not only affect the 
regulation of energy homeostasis but also the regulation of lipid 
metabolism and glycemia. Obese individuals have adipose tissue 
that is an active endocrine organ, which releases several cytokines 
and hormones that are responsible for systemic insulin resistance, 
a defining characteristic of T2DM. Additionally, obese individuals 
will have an altered lipid profile, which typically includes elevated 
triglycerides, low high-density lipoprotein (HDL) levels, and higher 
low-density lipoprotein (LDL) levels, and are at risk of developing 
atherosclerotic cardiovascular diseases4. 
 The metabolic anomalies associated with T2DM are complex 
and bidirectional in their relationship with elevated BMI. On one 
hand, obesity worsens insulin resistance with an impaired glucose 
uptake and hyperglycemia5. On the other hand, chronic 
hyperglycemia and insulin resistance are known to disrupt lipid 
metabolism adversely to cause dyslipidemia that is associated with 
marked elevation in cardiovascular risk. In other words, the 
metabolic disturbances of T2DM don’t exist in isolation, but rather 

are intimately associated with the excess adiposity commonly 
present in many diabetic patients6. 
 Several studies have investigated the effect of obesity on 
lipid metabolism or glycemic control independently, however, there 
is a dearth of studies that examine these parameters as a function 
of BMI simultaneously in T2DM patients with different BMI levels7. 
It is necessary to make a comparative analysis to elucidate the 
gradation of the metabolic impairment to BMI and to reveal deeper 
pathophysiological mechanisms underlying these interactions. 
Such an analysis provides insight into the metabolic spectrum in 
T2DM and informs clinical practice by pointing to the possibility of 
benefits of targeted interventional approaches targeting weight 
reduction and metabolic normalization8. 
 In addition, new data indicate that there is much variability in 
the location and metabolic activity of body fat between people, 
which may explain some of the range in the degree of insulin 
resistance and dyslipidemia. For instance, visceral adiposity is a 
better driver of metabolic dysfunction compared to subcutaneous 
fat9. For example, while BMI is a useful and often used measure of 
overall adiposity, it may not reflect every component of fat 
distribution that contributes to metabolic risk. This limitation 
notwithstanding, BMI is a practical tool in both clinical and 
epidemiological settings, as it is combined with other metabolic 
markers10. 
 This study aimed to fill the existing gap in the literature by 
comparing lipid metabolism and glycemic regulation in patients 
with T2DM based on different BMI categories. To determine the 
extent to which elevated BMI influences key biomarkers such as 
HbA1c, fasting glucose, total cholesterol, LDL, HDL, and 
triglycerides, we systematically evaluate these parameters11. This 
investigation is expected to have wide clinical implications. They 
may also underscore the importance of incorporating weight 
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management into comprehensive diabetes care plans and assist in 
refining risk stratification models for diabetic patients12, 13. 
 

MATERIALS AND METHODS 
Study Design and Setting: This was a one-year (from January 
2022 to December 2022) cross-sectional study carried out at 
Liaquat University of Medical & Health Sciences (LUMHS), 
Jamshoro, Pakistan. The purpose of the study was to asses the 
effects of increased body mass index on the metabolism of lipids 
and glucose in the patients with type 2 diabetes mellitus (T2DM). 
Participants and Sample Size: One hundred patients of T2DM 
diagnosed at the hospital outpatient clinic were recruited. The body 
mass index (BMI) of the participants was stratified into three 
groups: normal weight (BMI 18.5–24.9 kg/m²), overweight (BMI 
25–29.9 kg/m²) and obese (BMI > 30 kg/m²). The sample size was 
large enough to perform a comparative analysis on the various 
BMI categories with sufficient statistical power. 
Inclusion and Exclusion Criteria: Eligible patients for inclusion in 
the study were between 30 and 70 years of age and had a 
confirmed diagnosis of T2DM. The study also included only those 
patients who had been on a stable antidiabetic regimen for at least 
three months before enrollment and who gave informed consent. 
However, the study did not include patients with type 1 diabetes 
mellitus or other specified types of diabetes or individuals with 
known cardiovascular disease, renal or hepatic dysfunction, or 
active infections that could affect metabolic parameters. Patients 
who had been pregnant or lactating, treated with lipid-lowering 
drugs or other treatments that might have significantly changed 
lipid metabolism and glycemic indices, were also excluded. 
Data Collection and Biomarker Assessment: A standardized 
questionnaire was used to collect data on demographic details 
(age and gender) and clinical history, i.e., duration of diabetes and 
use of medication. Height, weight, and BMI were recorded for each 
participant. All patients were then given fasting blood samples to 
ensure the accuracy of biochemical measurements. The 
biomarkers that were assessed in this study were glycemic indices, 
such as fasting blood glucose and glycated hemoglobin (HbA1c), 
and a comprehensive lipid profile including total cholesterol, low-
density lipoprotein (LDL), high-density lipoprotein (HDL), and 
triglycerides. The results were reproducible and reliable because 
all samples were processed and analyzed in the hospital’s certified 
laboratory using standardized protocols and calibrated equipment. 
Statistical Analysis: The data were analyzed with the help of an 
appropriate statistical software. Mean ± standard deviation was 
used to express continuous variables, and ANOVA was used to 
compare the BMI groups. Multivariate regression analyses were 
done to adjust for possible confounding factors, such as age, 
gender, and duration of diabetes. Statistically significant 
differences in metabolic parameters were considered to be those 
with p p-value less than 0.05, which means that the differences 
observed were robust and unlikely to be due to chance. 
 

RESULTS 
A total of 100 patients with type 2 diabetes mellitus (T2DM) were 
enrolled in the study and divided into three BMI categories: normal 
weight (n = 33), overweight (n = 33), and obese (n = 34). Table 1 
summarizes the overall demographic and clinical characteristics, 
as well as additional details on educational level, urban/rural 
background, physical activity, and socioeconomic status. 
 The mean age of the normal weight group was 50 ± 7 years, 
there were 18 males and 15 females, and the mean diabetes 
duration was 6 ± 2 years. In this group, the average years of 
education were 8 ± 3 years, and 70% of participants lived in urban 
areas. The socioeconomic status was distributed as 10 low, 15 
medium, and 8 high; they reported an average physical activity 
level of 3 ± 1.2 hours per week. The mean age of the overweight 
group was 52 ± 6 years, 16 males and 17 females, diabetes 
duration of 7 ± 2 years. On average, they were 7 ± 2 years 
educated, resided in 65% urban settings, were physically active for 

2.5 ± 1.0 hours per week, and socioeconomic status was reported 
as 12 low, 14 medium, and 7 high. The mean age of the obese 
group was 54 ± 8 years, they had more males than females (20 
males and 14 females) and a longer mean duration of diabetes of 
8 ± 3 years. The average education for this group was 6 ± 3 years, 
60% urban residency, low physical activity (2 ± 0.8 hours per 
week), and socioeconomic status distribution: 15 low, 12 medium, 
and 7 high. Despite some differences in these demographic 
variables, most of them were not statistically significant, except 
duration of diabetes and physical activity (which were less 
favorable in the obese group) (Table 1). 
 
Table 1: Demographic and clinical characteristics of the study population. 

Parameter Normal 
Weight 
(n = 33) 

Overweight 
(n = 33) 

Obese 
(n = 34) 

p-value 

Age (years) 50 ± 7 52 ± 6 54 ± 8 0.08 

Sex (M/F) 18/15 16/17 20/14 0.55 

Duration of Diabetes 
(years) 

6 ± 2 7 ± 2 8 ± 3 0.04 

Education (years) 8 ± 3 7 ± 2 6 ± 3 0.05 

Urban Residency (%) 70% 65% 60% 0.12 

Physical Activity 
(hrs/week) 

3 ± 1.2 2.5 ± 1.0 2 ± 0.8 0.02 

Socioeconomic Status 
(Low/Med/High) 

10/15/8 12/14/7 15/12/7 0.20 

 
Glycemic Indices: The glycemic parameters, namely fasting 
blood glucose and glycated hemoglobin (HbA1c), of the three BMI 
groups are shown in Table 2. Fasting blood glucose was 
significantly higher in the obese group compared to the normal 
weight group (145 ± 15 mg/dL vs 120 ± 10 mg/dL, p < 0.001) and 
the overweight group (130 ± 12 mg/dL, p < 0.001). The mean 
HbA1c was also significantly elevated in the obese compared to 
the normal weight (8.5% ± 0.7% versus 7.2% ± 0.5%) and 
overweight groups (7.8% ± 0.6%, p < 0.001) in parallel. 
 
Table 2: Glycemic indices across different BMI categories. 

Glycemic 
Parameter 

Normal 
Weight 

Overweight Obese p-value 

Fasting Blood 
Glucose (mg/dL) 

120 ± 10 130 ± 12 145 ± 15 < 0.001 

HbA1c (%) 7.2 ± 0.5 7.8 ± 0.6 8.5 ± 0.7 < 0.001 

 
Lipid Profile: Table 3 details the lipid profile parameters. The 
dyslipidemic profile was significantly dyslipidemic in obese 
patients. In particular, mean total cholesterol in the obese group 
was 210 ± 20 mg/dL, much greater than 180 ± 15 mg/dL in the 
normal weight group and 195 ± 18 mg/dL in the overweight group 
(p < 0.001). Moreover, the obese group had the highest LDL of 
130 ± 15 mg/dL, normal weight 100 ± 12 mg/dL, and overweight 
115 ± 14 mg/dL (p < 0.001). Obese patients had the lowest level of 
HDL (40 ± 5 mg/dL) compared to 50 ± 6 mg/dL of the normal 
weight group and 45 ± 5 mg/dL of the overweight group (p < 
0.001). Similarly, the obese group had elevated triglycerides (200 ± 
25 mg/dL) compared with the normal weight (150 ± 20 mg/dL) and 
overweight (170 ± 22 mg/dL) (p < 0.001). 
 
Table 3: Lipid profile parameters among different BMI categories. 

Lipid Parameter Normal 
Weight 

Overweight Obese p-value 

Total Cholesterol 
(mg/dL) 

180 ± 15 195 ± 18 210 ± 20 < 0.001 

LDL (mg/dL) 100 ± 12 115 ± 14 130 ± 15 < 0.001 

HDL (mg/dL) 50 ± 6 45 ± 5 40 ± 5 < 0.001 

Triglycerides 
(mg/dL) 

150 ± 20 170 ± 22 200 ± 25 < 0.001 

 
 The expanded demographic data suggest that age and sex 
distributions were similar across groups except that the obese 
group had a longer duration of diabetes, a lower educational level, 
and less physical activity, all of which can affect metabolic 
dysfunction. This is an important point: the glycemic indices 
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showed very clearly that the higher the BMI, the worse the fasting 
blood glucose and the worse the HbA1c, indicating worsening in 
glycemic control. The lipid profile also demonstrated that 
individuals with higher BMI have higher total cholesterol, LDL, and 
triglycerides and lower HDL, which indicates a markedly 
dyslipidemic state in obese T2DM patients. However, these 
significant differences (p < 0.001) highlight the strong association 
between elevated BMI and these adverse metabolic outcomes and 
emphasize the importance of integrated interventions targeting 
both weight management and metabolic control in this patient 
population. 
 From a broad perspective, the results of this study provide 
strong evidence for the association between increased BMI and 
impaired glycemic regulation and dyslipidemia among T2DM 
patients, therefore suggesting the necessity for specific lifestyle 
and pharmacologic strategies to fight against these risks. 
 

DISCUSSION 
This study provides evidence that elevated body mass index (BMI) 
has a large impact on both glycemic control and lipid metabolism 
for patients with type 2 diabetes mellitus (T2DM). We found that as 
BMI rose, metabolic parameters were deteriorated14. In that 
regard, obese patients exhibited significantly higher fasting blood 
glucose and HbA1c levels than did normal weight and overweight 
patients. This trend is consistent with the notion that obesity 
increases insulin resistance, a major pathophisiological 
mechanism in T2DM, and worsens glycemic regulation15. 
 Moreover, the lipid profile findings further support the 
adverse metabolic effects of increased BMI. Dyslipidemic pattern 
was found in obese patients with elevated total cholesterol, LDL, 
and triglycerides, but reduced HDL16. In T2DM, this atherogenic 
lipid profile is known to contribute to the increased cardiovascular 
risk. The results are consistent with previous research indicating 
that abnormal secretion of adipokines and chronic low-grade 
inflammation associated with obesity lead to disruption of lipid 
metabolism and increased cardiovascular risk in diabetic 
individuals17. 
 The expanded demographic data also gave us additional 
insights into possible contributors. The obese group did not have 
the same duration of diabetes or the same level of education as 
the other groups, and they were less physically active18. Taken 
together, these findings imply that in addition to metabolic 
disturbances, socioeconomic factors and lifestyle behaviours can 
act to compound those of obese T2DM patients. These differences 
were not uniformly statistically significant, but they suggest a trend 
that deserves more work19. 
 However, this study has some limitations. The cross-
sectional design does not allow for establishing the causality of the 
association between elevated BMI and the measured metabolic 
parameters. Furthermore, BMI is a useful measure of adiposity but 
does not take into account fat distribution, which may have 
different metabolic risk effects20. Future research should use more 
precise measures of body composition, such as waist-to-hip ratio 
or imaging, to gain a better understanding of the relationships 
between fat distribution and metabolic outcomes. Additionally, 
there is a need for larger longitudinal studies to see if weight 
changes precede or follow metabolic control in T2DM patients21. 
 In general terms, the study points out the necessity of a 
comprehensive management strategy including aggressive weight 
control, lifestyle modifications, and specific pharmacotherapy in 
T2DM patients. Such integrated interventions addressing obesity 
could play a major role in reducing the burden of cardiovascular 
complications in this high risk population22. 
 

CONCLUSION 
In this study, it is demonstrated that there is a clear and significant 
association between an elevated BMI and adverse metabolic 
outcomes in T2DM patients. Fasting blood glucose and HbA1c 
levels and dyslipidemic profile characterized by elevated total 

cholesterol, LDL, and triglycerides and decreased HDL levels were 
associated with poorer glycemic control in obese patients. These 
results suggest a role for BMI as a modifiable risk factor for T2DM 
management. 
 These results, therefore, demand that clinicians consider 
weight management strategies as part of the overall treatment for 
diabetic patients. There should be interventions targeting both 
glycemic control and improvement of lipid profile to reduce 
cardiovascular risk. To better understand the mechanisms linking 
obesity to metabolic dysregulation in T2DM and examine the long-
term benefits of integrated treatment approaches, future studies 
with longitudinal designs and more detailed adiposity measures 
are needed. 
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