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Abstract

Diabetes mellitus [DM] is a syndrome characterized by impaired carbohydrate metabolism. Obesity
is a significant risk factor for type 2 diabetes mellitus [T2DM]. Obesity is defined as an excess of
body fat. In obese individuals, adipose tissue releases more significant levels of non - esterified fatty
acids, glycerol, hormones, pro -inflammatory cytokines, and other substances involved in establishing
insulin resistance [IR]. The link between body mass index [BMI] and diabetes and IR is substantial.
This study assessed the effect of obesity and insulin resistance in Iragi diabetic patients. The objective
is to assess the impact of IR on the degree of obesity in Iragis with T2DM. We conducted a case-
control study on 180 participants [ 99 female /81males] between the ages of 30 and 60, from
December 1, 2021 , to February 28 , 2022. In addition, the subjects [control and Cases] were

categorized based on their weight:average weight, overweight, obesity, and marked obesity.

All  documented subjects provided informed consent to WHO guidelines.
We examined the homeostatic model assessment of insulin resistance [HOMA-IR], HbAlc, fasting
blood glucose [FBG], lipid profile, and BMI. The case group had significantly higher levels of FBG,
HbA1c, cholesterol [CHO.], triglyceride [TG], low-density lipoprotein [LDL], and IR than the control
group [P = 0.001], but there was no significant difference between the two groups in high- density
lipoprotein [HDL] levels. Recent research shows that a higher BMI makes insulin less sensitive and

worsens IR, leading to T2DM.

Keywords: obesity, BMI, insulin resistance, type 2 diabetes mellitus.
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Introduction

T2DM is a disease with hyperglycemia characteristic features resulting from the abolished
response of insulin receptors to circulating insulin, customarily known as (IR) [1]. Insulin resistance
(IR) means that ordinary quantities of insulin are not giving the normal response i.e., does not the use
of insulin by cells is not enough to decrease triglyceride and glucose concentration. IR is a mixture
of lifestyle factors [ reduced physical activity, diet ] and genetics [2] . The BMI is a reliable indicator
of body fatness in humans and can be viewed as an alternative to direct measurements of body fat.
BMI calculation is one of the most accurate approaches for assessing overweight and obesity in a
population. It is inexpensive and straightforward for physicians and the general public to calculate
because just height and weight are required [3]. This study intends to examine the link between lipid
profile and BMI in individuals with type 2 diabetes mellitus in Irag. Insulin's essential functions

include inhibiting lipolysis in adipose tissue and enhancing lipoprotein lipase enzyme activity.

Obesity- related expansion of adipose tissue mobilizes free fatty acids [FFA] in circulation
via the cAMP-dependent enzyme hormone-sensitive lipase. In addition, FFA is released in the tissues
by the action of lipoprotein lipase from lipolysis of TG- rich lipoproteins [4]. The prevalence of
obesity, metabolic syndrome, and its components is influenced by genetic susceptibility, physical
activity, age, gender, amount and kind of food consumed, and body habitus [5]. HOMA-IR is a

method for assessing a- cell function and insulin resistance [IR] [ Tung et al., 2020].
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Materials and Methods

A total of 180 subjects were collected (90) patients with type 2 diabetes mellitus (48 females,
42 male) and (90) healthy control group subgroup (39 males and 51 females), The age range of both
groups was (30- 65 years). Also, the subjects (Control and Cases) were divided according to their
weight to average weight, overweight, obesity, and marked obesity. The FBS, HbAlc, CH, TG, HDL,
LDL, and VLDL levels were determined using the COBAS INTEGRA® 400 plus automatic
biochemistry analyzer [ Roche/ Hetachi Diagnostics Ltd Company, Japan]. The COBAS INTEGRA®
400 plus automated biochemistry analyzer can perform colorimetric, immunoturbidimetric, and ion-
selective tests.IR was determined by Homeostasis model assessment [HOMA] via equation as

follows:
HOMA-= { glucose [in mole/ L] x insulin [in micro U/mL]}/ 22.5

Statistical Analysis

The data were analyzed using statistical software for the accessible SPSS-24 [Statistical
Packages for the Social Sciences - version 24]. The data were displayed using frequency, percentage,

mean, and standard deviation.
Results

There were a total of 180 participants in this study. Table 1 displays the baseline characteristics of
the subjects investigated. The persons with diabetes had a mean age of 90, while the controls had a

mean age of 90.

There was a notable increase. Significantly higher levels of FBS, Hbalc, CHO., TG, LDL, a
nd IR were seen in the case group compared to the control group [P 0.001]. However, there was no

significant difference between the two groups' HDL values. As evidenced in the table (1).
Table (1): The distribution of the study markers according to the study groups.

Groups
Varibles Control group Case group P —value

Mean ( £SD) Mean (£SD)

Fasting blood sugar (mmol / L) 5.4 (+0.4) 9.8 (+ 2.9) <0.001
HbAIc 4.3 (+0.6) 8.3 (+2.5) <0.001
Cholesterol (mg/dl) 163.2(+21.1) 208.5 (£54.0) <0.001
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Triglycerides (mg/dI) 78.1 (+19.7) 216.5 (+85.9) <0.001
LDL (mg/d) 100.8 (¥21.3)  132.4 (¢33.2) <0.001

HDL (mg/dl) 48.1(¢66)  505(+286) <0001
VLDL (mg/dl) 18.1 (£8.3) 36.9 (220.7) <0.001
Fasting Insulin (mIU/L) 9.0 (0.8) 10.7(+4.4) <0.001
Insulin resistance 2.1 (+0.3) 45 (+1.5) <0.001

The distributions of body mass index were drastically different between the two groups. While only
23.3% of individuals in the control group were obese, and 6.7% were severely obese, 38.9% of

patients in the case group were obese, and 30% were severely obese table (2).

Table (2): Distribution of the irisin and adropin according to the study groups.

Groups
BMI Control group  Case group Total P —value
N[%] N[%]
Normal 42 [46.7] 12[13.3]  54[30.0]  <0.001
Overweight 21[23.3] 16[17.8] 37[206]  <0.001
Obesity 21[23.3] 35[38.9] 56[311] <0001
Markedobesity 6[6.7] 27[30/0]  33[183]  <0.001

Normal-weight individuals showed a highly significant difference from the normal- weight
individuals in the control group regarding fasting blood sugar, hemoglobin Alc, and insulin
resistance, but there was no difference between the groups in terms of insulin. For obesity, fasting
blood sugar, hemoglobin Alc, and insulin differed significantly between the case and control groups,
while insulin resistance [IR] did not. Obese subjects in the case group were found to have significantly
different FBS, HbA1c, insulin, and insulin resistance levels compared to the control group. There was
a highly-significant difference regarding FBS, HbAlc, and insulin resistance between participants
with marked obesity in the case group and those in the control group; except with insulin, there is a

non- significant difference between the study groups. As demonstrated in table [3].
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Table (3): Distribution of FBS, HbAlc, insulin, and IR according to the BMI grade.

Investigations

Body mass Study FBS bAl Insulin HOMA-IR
index ( kg/m? roups HbAlc
(kg group (mmol/L) (mIU/L) Mean
Mean (xSD)
Mean (xSD) Mean (xSD) (xSD)
Case 10.6 8.1 8.8 4.1
N=12 (3.1) (1.9) (1.4) (1.0
Normal weight
Control 5.4 4.2 9.0 2.2
N=42 (0.3) (0.2) (0.6) (0.2)
P —value 0.001 0.001 0.424 0.001
Case 0.8 7.7 11.6 4.4
N=16 (2.3) (2.4) (6.4) (2.2)
Overweight
Control 54 4.1 8.9 2.1
N=21 (0.5) (0.1) (0.9) (0.3)
P-value 0.001 0.001 0.001 0.66
Case 10.1 8.3 11.4 4.8
N=35 (3.4) (2.0 (5.3) 1.7
Obesity
Control 5.2 4.8 8.8 2.0
N=21 (0.4) (1.0) (0.4) (0.1)
P-value 0.001 0.001 0.034 0.001
Case 9.8 8.9 4.3
10.0 (1.2)
N=27 (2.5) (3.2) (0.8)
Markid obesity
Control 54 4.1 2.4
10.2 (1.9)
N=6 (0.2) (0.8) (0.5)
P-value 0.001 0.001 0.814 0.001

There was a highly significant difference regarding Cholesterol, Triglyceride, LDL, and
VLDL between participants with normal weight within the case study and individuals in the control
group, except with HDL that there is a non-significant difference between the study groups. There

was a highly significant difference regarding CHO, TG, LDL, and VLDL between participants with
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overweight in the case study and individuals in the control group, except with HDL that there is a
non-significant difference between the study groups. There was a highly significant difference
regarding CHO, TG, LDL, and VLDL between participants with obesity in the case study and
individuals in the control group, except with HDL that there is a non-significant difference between
the study groups. There was a highly significant difference between TG, and VLDL participants
with marked obesity in the case study and individuals in the control group, except with CHO, LDL,
and HDL,; there is a non-significant difference between the study groups. As shown in table (4).

Table (4): Mean distribution of diabetic patients' Lipid profile parameters among BMI groups.

Investigations

Body mass Study 5 o T_0O a =) fa)
index (kg/m?) groups 259 S 59 254 = S 4 23598
g5c £5C 28%c 9%- 2%%
2Eg | 2Eg | 'Eg | 5Eg | TES
o = = = > >
Case 230.4 166.1 144.8 31.7 54.0
Normal N=12 (51.2) (62.3) (60.4) (13.8) (27.3)
Weight Control 170.2 75.6 106.8 17.7 48.2
N=42 (20.5) (12.8) (20.5) (6.9) (8.7)
P-value 0.001. 0.001 0.001 0.001 0.237
Case 200.7 210.3 126.9 36.3 47.6
Overweight (50.7) (137.3) (47.6) (30.5) (13.7)
Control 150.2 72.8 88.9 20.0 46.8
(19.3) (16.9) (18.5) (12.9) (4.6)
P-value 0.001 0.001 0.002 0.034 0.796
Obesity Case 218.8 225.4 139.0 38.1 50.2
N=35 (58.4) (78.3) (46.7) (20.3) (39.9)
Control 165.7 85.0 99.6 16.9 49.1
N=21 (20.5) (27.1) (23.9) (5.2) (2.7)
P-value 0.001 0.001 0.001 0.001 0.899
Case 189.9 231.0 100.6 38.1 51.0
Marked N=27 (46.8) (56.1) (38.9) (17.1) (17.3)
obesity Control 1515 90.5 84.9 18.3 48.5
N=6 (1.6) (30.1) (10.4) (5.8) (6.0)
P-value 0.056 0.001 0.340 0.009 0.723
Discussion

This investigation revealed that the concentration of glycated hemoglobin in the blood of pat
ients was substantially greater [P 0.001] than that of healthy individuals. This indicates poor
glycemic control during that period. These results are compatible with Atari et al., who reported that
the HbAlc of type 2 diabetes patients higher than the control group [7]. Glycated hemoglobin
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[HbA1c] production is a normal part of the physiological activity process. HbA1lc is the most accurate
measurement of chronic glycemia and is strongly correlated with the risk of long - term consequences
of diabetes; hence, it is commonly regarded as the test of choice for managing and monitoring chronic
diabetes [Ahmed et al., 2018]. HbAlc blood testing shows the average blood glucose levels during
the previous two to three months, which is the expected half - life of red blood cells [ RBCs]. In
T2DM patients, HbAlc variability was related to macrovascular disease, although short- term glucose
fluctuation was not. It was linked to macrovascular and microvascular conditions [8]. The resistance
of body cells to produce insulin is the cause of the rise in fasting blood glucose levels in diabetic
patients[ Prasad et al., 2022 ]. Insulin resistance is a frequent sign of type 2 diabetes, which is essential
to the progression of the disease [10]. TG concentration showed a significant increase in a patient
with T2D compared to control.

This result agrees with [ Finch, Shamsa, and Lee 2014]. Our results go along with a study by
Shahid et al. [11]. Patients with T2DM are not an exception to the rule that individuals with diabetes
have abnormal lipid levels. Insulin resistance has been linked to the aberrant lipid profile of T2DM
because it increases fatty acid release, lowers insulin - dependent muscle - free fatty acid absorption,
and increases hepatic fatty acid synthesis [12]. Diabetes is characterized by increased LDL,
triacylglycerol, and low HDL values. Researchers have shown that those with diabetes have a higher
lipid profile [Alzahrani et al ., 2019 ]. Wexler et al. observed that HbAlc and lipid profiles [
TC and LDL] have a highly positive and statistically significant connection [14] ; Other researchers
have shown a relationship between HbAlc and these lipid profiles in T2DM patients [13].
The relationship between obesity and T2D is very significant. Obesity is the leading cause of insulin

resistance, which manifests early in the disease and is compensated predominantly by hyperinsulin

emia[15].

In addition, the current study demonstrates that T2DM patients with insulin resistance had considera
bly greater triglycerides and lower HDL cholesterol than those with normal insulin sensitivity. The
effect of increased BMI referred to the presence of obesity in type 2 DM. Patients agreed with the
study[16],which determined that being overweight or obese is a risk factor for acquiring type 2 diab
etes. With changes to modern lifestyles in recent years, the prevalence of type 2 diabetes has increased
in Irag. In Irag and other nations, an increased BMI contributes to the development of type 2 diabetes.
[Abid, Alaaraji, and Alrawi, 2019]. [ Al - Bachir and Bakir, 2017 ] Obesity is a risk factor for type 2
diabetes mellitus, and the relative risks for diabetes mellitus in patients with a BMI of > 27 kg/m2
were considerably higher than in those with a BMI of 23 kg / m2. [19]. Demonstrated that BMI was
negatively correlated with glucose disposal and positively associated with glucose production in type
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2 diabetes mellitus. [20]. Even in nonobese patients with type 2 diabetes, BMI was the most critical
indicator of insulin resistance, according to a study. In this study, a greater BMI was related to lower
insulin sensitivity, supporting the positive association between BMI and insulin resistance in type 2
diabetes. [Gonzalez- Cantero et al., 2018] . TG level increment is ascribed to insulin lack, causing
hyperglycemia and activation of unsaturated fats from fat tissue, the unsaturated fats from fat tissue
are assembled for vitality reasons, and an abundance of unsaturated fats is collected in the liver. They
are changed over to triglycerides, and the VLDL- C increment of patients with T2DM perhaps results
from hyperinsulinemia and resultant increment in triglycerides, LDL — C, and VLDL - C. Itis realized
that insulin and development hormones advance the generation of VLDL- C [ Zhang et al., 2022 ].
Activating lipolysis in the fat tissues and triglycerides in the liver, patients with T2DM exhibited
overall increased plasma LDL - C cholesterol levels, which may be ascribed to the fact that insulin
increases the number of LDL - C receptors; therefore, persistent insulin deficiency, as observed in
T2DM, may be associated with a diminished size of LDL- C receptors and a resultant rise in plasma
LDL- C cholesterol levels [23].

All lipid profile parameters were lower in lean diabetics compared to all other groups. This agrees
with Ahmed [ Shatwan, Ahmed, and Badkook 2013] but does not agree with [ Shavana, Khan, and
Anandan 2017], who showed no significant differences in lipid profile in lean diabetes irrespectively
of glycemic status. DM type 2 is often associated with overweight, which nearly agreed with [24],

who observed that DM type 2 was often associated with obesity.
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