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Introduction
T2DM is recognized as a chronic metabolic disorder that is 

fundamentally characterized by persistent hyperglycemia. This 
hyperglycemic state primarily arises due to an impaired responsiveness 
of insulin receptors to circulating insulin, a mechanism commonly 
referred to as IR [1]. In other words, IR represents a pathological 
condition in which normal physiological concentrations of insulin are 
insufficient to produce the expected biological responses. Specifically, 
this dysfunction manifests as an inadequate capacity of cells to uptake 
and utilize glucose effectively, alongside a failure to appropriately 
suppress circulating TG levels.

It is important to highlight that the emergence and progression of 
IR results from a multifaceted interaction between inherent genetic 
factors and modifiable lifestyle components. Among these, dietary 
habits and a sedentary lifestyle, characterized by reduced physical 
activity, play a particularly significant role [2].

In the context of assessing obesity and its relationship to metabolic 
disturbances, BMI has emerged as a widely accepted and validated 
proxy indicator of body fatness. Notably, BMI offers a practical 
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alternative to direct methods of body composition measurement. 
This is largely because the calculation of BMI is both precise and 
highly accessible, rendering it one of the most reliable approaches 
for evaluating overweight and obesity across diverse populations. 
Moreover, the simplicity and low cost of BMI estimation facilitate its 
widespread utilization by clinicians as well as the general public, given 
that only height and weight measurements are required [3].

Given this background, the present study was designed to explore 
the association between BMI and lipid profile parameters in Iraqi 
individuals diagnosed with T2DM. Understanding this relationship 
is crucial, as insulin performs essential regulatory functions within 
metabolic pathways. In particular, insulin inhibits lipolysis in adipose 
tissue and simultaneously promotes the activity of lipoprotein lipase, 
an enzyme that plays a central role in lipid metabolism.

Furthermore, in the setting of obesity, the progressive expansion 
of adipose tissue contributes to the increased mobilization of free fatty 
acids (FFAs) into systemic circulation. This process occurs through the 
activation of hormone-sensitive lipase, an enzyme regulated by cyclic 
AMP-dependent signaling pathways. In addition to this mechanism, 
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FFAs are also released within peripheral tissues as a result of lipoprotein 
lipase-mediated hydrolysis of TG-rich lipoproteins [4].

It is also worth noting that the prevalence of obesity, metabolic 
syndrome, and their associated metabolic derangements is shaped by a 
wide array of contributing factors. These include genetic susceptibility, 
age, sex, the quantity and composition of dietary intake, the degree of 
physical activity, and individual body habitus [5].

To objectively quantify IR in clinical and research settings, 
the HOMA-IR has been established as a reliable and widely used 
methodological tool for estimating β-cell function and the degree of 
IR [6].

Methods
In this study, a total of 300 participants were recruited. This study 

included 150 patients diagnosed with T2DM, comprising 84 females 
and 66 males, as well as 150 apparently healthy individuals who served 
as the control group, consisting of 71 males and 79 females. The age of 
subjects in both groups ranged from 30 - 72 years.

To facilitate further analysis, all participants-both cases and 
controls-were stratified based on their body weight into four categories: 
normal weight, overweight, obese, and markedly obese. 

For the biochemical assessments, fasting blood sugar (FBS), 
HbA1c, total cholesterol, TG, HDL-C, LDL-C, and very-low-
density lipoprotein cholesterol (VLDL) levels were measured. These 
measurements were performed using the COBAS INTEGRA® 400 
plus automated biochemistry analyzer (Roche/Hitachi Diagnostics 
Ltd., Japan). Notably, this analytical system is capable of conducting 
colorimetric, immunoturbidimetric, and ion-selective assays with high 
precision and reliability. 

IR was estimated to be using the HOMA method. The calculation 
was performed according to the following equation:

HOMA= {glucose [in mole/L] × insulin [in micro U/mL]}/22.5

Statistical Analysis
Regarding data processing and analysis, the dataset was evaluated 

utilizing the statistical package for the social sciences, version 30. 
Descriptive statistics, including frequency distributions, percentages, 
means, and standard deviations, were generated to summarize and 

present the data in a clear and interpretable manner.

Results
This study included a total of 300 participants. The baseline 

demographic and clinical characteristics of the study population 
are presented in table 1. Upon comparative analysis, the case group 
exhibited significantly elevated levels of FBS, HbA1c, total cholesterol, 
TG, LDL-C, and IR relative to the control group (p < 0.001). Conversely, 
no statistically significant difference was observed between the two 
groups regarding HDL-C concentrations and fasting insulin. These 
findings are comprehensively summarized in table 1.

The distributions of BMI categories differed markedly between the 
two groups, especially in marked obesity. Specifically, whereas 49.5% of 
participants in the control group were classified as obese and 0.0% as 
markedly obese, a substantially higher proportion of individuals in the 
case group were affected, with 50.5% categorized as obese and 100% as 
markedly obese (Table 2).

Normal-weight individuals demonstrated significant differences 
compared to their counterparts in the control group with respect to 
FBS, HbA1c, and IR. However, a significant difference in fasting insulin 
levels was observed between the two groups within this BMI category 
but with such low standard deviation that make the signification 
without importance. Unfortunately, in our study there were no 
participants of overweight in case group. In obese subjects, the case 
group exhibited significantly higher levels of FBS, HbA1c, fasting 
insulin, and IR compared to the control group. It seems to be that most 
cases of marked obesity have diabetes, so that we can’t find any marked 
weighted participant without diabetes to consconsider as a control 
group. These findings are summarized in table 3.

There was a significant difference in cholesterol, TG, LDL, VLDL 
and HDL levels between normal-weight participants in the case group 
and those in the control group. However, small standard deviation can 
easily give the same wrong signification. Obese participants in the case 
group exhibited significantly elevated levels of cholesterol, TG, LDL, 
and VLDL relative to their counterparts in the control group. These 
findings are summarized in table 4.

Discussion
This investigation revealed that HbA1c concentrations were 

substantially higher in patients with T2DM compared to healthy 

Variable Control group (Mean ± SD) Case group (Mean ± SD) P value
FBS (mmol/L) 5.3 ± 0.2 9.6 ± 0.7 <0.001

HbA1c 5.1 ± 0.2 8.5 ± 1.3 <0.001
Cholesterol (mg/dl) 228.0 ± 10.5 248.1 ± 21.6 <0.001

TG (mg/dl) 111.7 ± 14.4 207.1 ± 36.2 <0.001
LDL (mg/dl) 99.5 ± 6.6 174.1 ± 15.5 <0.001
HDL (mg/dl) 47.2 ± 4.7 40.6 ± 6.4 -

VLDL (mg/dl) 20.6 ± 2.6 50.8 ± 6.8 <0.001
Fasting insulin (mIU/L) 8.6 ± 0.3 10.0 ± 1.0 -

IR (HOMA-IR) 2.3 ± 0.1 5.3 ± 0.8 <0.001 (High significance)

Table 1: The distribution of the study markers according to the study groups.

BMI Control group N (%) Case group N (%) Total N (%) P value
Normal 51 (50.5%) 50 (49.5%) 101 (33.7%) <0.0001

Overweight 50 (100.0%) 0 (0.0%) 50 (16.7%) <0.0001
Obesity 49 (49.5%) 50 (50.5%) 99 (33.0%) <0.0001

Marked obesity 0 (0.0%) 50 (100.0%) 50 (16.7%) <0.0001

Table 2: Distribution of BMI according to the study groups.
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controls (p < 0.001), indicating inadequate glycemic control over the 
observed period. These findings are consistent with the results reported 
by Atari-Hajipirloo et al. [7] who demonstrated that HbA1c levels in 
patients with T2DM were significantly elevated relative to non-diabetic 
individuals [7].

HbA1c formation is a physiological process reflecting chronic 
glycemic exposure, making HbA1c the most reliable indicator of long-
term glucose regulation. Its levels strongly correlate with the risk of 
chronic diabetes complications and thus are widely regarded as the test 
of choice for monitoring and managing DM. Measurement of HbA1c 
provides an estimate of average blood glucose over the preceding 2 - 3 
months, which aligns with the lifespan of circulating red blood cells.

Variability in HbA1c has been linked to the development of 
macrovascular complications in patients with T2DM, whereas short-
term glucose fluctuations were associated with both macrovascular 
and microvascular disease [8]. The observed elevation in FBG among 
diabetic patients can be attributed to IR, which impairs cellular glucose 
uptake [9]. Indeed, IR is a hallmark feature of T2DM and plays a central 
role in disease progression [10].

Regarding lipid metabolism, TG concentrations were markedly 
increased in diabetic patients compared to controls, a finding in 
agreement with studies by Shabana et al. [11]. Dyslipidemia is a well-
established component of T2DM, with IR contributing to the aberrant 
lipid profile by promoting FFAs release, reducing insulin-dependent 
muscle uptake of fatty acids, and stimulating hepatic lipid synthesis 
[12].

Consistent with prior research, patients with T2DM exhibited 
elevated levels of LDL cholesterol and triacylglycerol alongside 

decreased HDL cholesterol [13]. Wexler et al. [14] further demonstrated 
a strong positive correlation between HbA1c and lipid parameters 
including total cholesterol and LDL, corroborating the relationship 
between glycemic control and dyslipidemia [14].

Other studies have similarly shown significant associations 
between HbA1c and lipid abnormalities in T2DM patients [13]. The 
relationship between obesity and T2DM is of considerable importance. 
Obesity is recognized as a primary contributor to IR, manifesting early 
in the disease and frequently compensated for by hyperinsulinemia 
[15].

In the present study, T2DM patients with higher BMI values 
demonstrated significantly elevated TG and reduced HDL cholesterol 
compared to individuals with lower BMI. These findings support 
previous reports indicating that overweight and obesity represent 
major risk factors for the development of T2DM [16]. 

Recent changes in lifestyle activities and dietary patterns have 
noticeably contributed to the rising burden of T2DM in Iraq. This 
trend reflects observations reported both within the region and 
globally, highlighting increased BMI as a principal determinant in 
the progression of T2DM [17, 18]. For instance, Al-Fartosy et al. [19] 
demonstrated that individuals whose BMI exceeded 27 kg/m² bore a 
markedly higher relative risk of T2DM compared to those with a BMI 
closer to 23 kg/m².

Furthermore, accumulating evidence indicates that BMI is 
inversely related to glucose disposal rates and directly associated with 
hepatic glucose output in patients with T2DM [20].

Notably, BMI has been recognized as the most powerful predictor 

BMI (kg/m²) Study groups FBS (mmol/L) (Mean ± SD) HbA1c (Mean ± SD) Insulin (mIU/L) (Mean ± SD) HOMA-IR (Mean ± SD)
Normal weight Case N = 50 8.9 ± 0.1 7.1 ± 0.1 8.8 ± 0.0 4.3 ± 0.1

Control N = 51 5.0 ± 0.1 4.8 ± 0.1 8.4 ± 0.0 2.2 ± 0.0
P value <0.001 <0.001 <0.001 <0.001

Overweight Case N = 0 - - - -
Control N = 50 5.6 ± 0.1 5.1 ± 0.1 8.8 ± 0.0 2.3 ± 0.0

P value - - - -
Obesity Case N = 50 - - - -

Control N = 49 - - - -
P value <0.001 <0.001 <0.001 <0.001

Marked obesity Case N = 50 10.5 ± 0.2 10.2 ± 0.3 11.2 ± 0.2 6.3 ± 0.2
Control N = 0 - - - -

P value - - - -

Table 3: Distribution of FBS, HbA1c, insulin, and IR according to the BMI grade.

BMI (kg/m²) Study groups Cholesterol (mg/dl) 
(Mean ± SD)

TG (mg/dl) (Mean ± 
SD)

LDL (mg/dl) (Mean 
± SD)

VLDL (mg/dl) (Mean 
± SD)

HDL (mg/dl) (Mean 
± SD)

Normal weight Case N = 50 221.2 ± 1.5 176.8 ± 1.7 157.7 ± 1.2 43.6 ± 0.9 49.1 ± 0.2
Control N = 51 215.4 ± 1.2 92.1 ± 1.4 91.5 ± 0.6 17.2 ± 0.8 52.8 ± 0.8

P value <0.001 <0.001 <0.001 <0.001 <0.001
Overweight Case N = 50 - - - - -

Control N = 50 229.0 ± 2.0 118.0 ± 2.5 100.0 ± 1.0 24.0 ± 1.2 48.0 ± 0.9
P value - - - - -

Obesity Case N = 50 250.0 ± 3.0 190.0 ± 3.5 170.0 ± 2.0 50.0 ± 1.5 42.0 ± 1.0
Control N = 49 226.0 ± 2.0 130.0 ± 2.5 110.0 ± 1.5 30.0 ± 1.2 45.0 ± 1.0

P value <0.001 <0.001 <0.001 <0.001 <0.001
Marked obesity Case N = 50 275.0 ± 4.0) 260.0 ± 4.5) 195.0 ± 2.5) 60.0 ± 2.0) 34.0 ± 1.2)

Control N = 0 - - - - -
P value - - - - -

Table 4: Mean distribution of diabetic patients' lipid profile parameters among BMI groups.
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of IR, even among non-obese individuals. Consistent with the findings 
of Gonzalez-Cantero et al. [21], the present results confirm that elevated 
BMI corresponds to diminished insulin sensitivity, thereby reinforcing 
the well-established connection between obesity and impaired insulin 
action.

Elevated TG concentrations frequently observed in T2DM 
can be largely attributed to insulin deficiency, which perpetuates 
hyperglycemia and enhances the mobilization of FFAs from adipose 
stores. These fatty acids are subsequently delivered to the liver, where 
they undergo conversion to TG, contributing to increased VLDL 
production. In addition, hyperinsulinemia has been implicated in the 
upregulation of hepatic synthesis of TG, LDL, and VLDL particles [22].

It is also vital to note that insulin exerts regulatory control over 
LDL receptor expression. Chronic insulin deficiency, a hallmark of 
T2DM, may lead to a reduction in LDL receptor density on hepatocyte 
surfaces, thereby resulting in elevated circulating LDL cholesterol 
concentrations [23].

Interestingly, lipid profile parameters tended to be comparatively 
lower among lean diabetic patients relative to other BMI categories. 
Nevertheless, this finding contrasts with the report of Al-Fartosy et 
al. [19], who found no significant differences in lipid profiles among 
lean diabetic individuals, irrespective of glycemic control status. 
Taking together, these results further corroborate the established link 
between excess adiposity and T2DM, echoing prior studies that have 
consistently associated overweight and obesity with the onset and 
progression of T2D [24].

Conclusion
This study demonstrates a clear and statistically significant 

association between increasing degrees of obesity and heightened 
IR among Iraqi patients with T2DM. As BMI increased, markers of 
IR-such as HOMA-IR, FBG, and HbA1c also rose, underscoring the 
pivotal role of obesity in the pathophysiology of T2DM. These findings 
reinforce the importance of early intervention strategies targeting 
weight reduction and metabolic control as critical components in the 
prevention and management of T2DM. Public health efforts should 
prioritize obesity prevention and treatment to mitigate the growing 
burden of IR and related metabolic disorders in the Iraqi population.
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