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Abstract

Metabolic syndrome (MetS) and insulin resistance (IR) are increasing in prevalence worldwide. Each
carries risks for the development diabetes mellitus and cardiovascular disease. These risks will be greatly
exaggerated if they occur together in the same individual.

This study aimed to find the prevalence of IR in subjects with MetS and the association between these
two condition and the potential risk factors for their development in university students.

In this cross-sectional study, participants were selected from Wasit University in Wasit, Irag. The
recruited candidates were apparently healthy aged between 18 and 25 years. The diagnosis of MetS was depending
on the IDF/AHA/NHLBI criteria, and HOMA-IR was used to determine IR. Anthropometric measurements and
blood pressure were recorded for each participant; along with the measurement of fasting serum levels of insulin,
glucose, and lipid profile.

From 124 MetS subjects in this study, the prevalence of IR was (24.2%). The component of MetS that
were significantly associated with the risk of insulin resistance is central obesity (OR 2.24) and high blood
pressure (BP) with (OR 2.107, 2.41) for systolic and diastolic blood pressure respectively, also found that Body
mass index (BMI) >25, smoking and consumption of fast food were risk factors for the development of IR (OR
6.107, 2.633, 3.45) respectively.

Insulin resistance is quite common in Iragi university students with MetS. The more encountered MetS
components were central obesity and high BP; moreover, overweight, smoking and the tendency for consumption
of fast food are the major risk factors for IR in those individuals.

Keyword: Insulin resistance, Metabolic syndrome, HOMA-IR, University students.

OBl ) daalad) bl 8 0380 Jfiail) da JDliay Lgdalli 5l gyl ) da glia
Yol @iba sliaw 5 'l (g £Y)
é‘)ﬂd\ ‘h‘)‘hﬂ\)i&a";)ﬁ\l ‘@\}M‘B)‘)‘)‘
G yallealary calaky daals Wapal) 340K ¢ 2y yy puall Ay sl aglell ¢ 53 "

-

Aaddl)

Jataall A 5,8l (i pal Shalie Jasy Lie IS allell el muan (3 ol g0 Aa gl 5 13RI el da 3Dl Ll ol 3y
A (B Ge ian 1Y) S JSEy yhlaall ods sl 4y gedll e g¥1 5 QB Gl yal ) skt

Com Bl Y ¢ Al el da D e (g silan ) (el ST 8 ol gt sl LTI 38 yaa g8 Fud all 038 (e ia )
) T Clealall O sl Laa skl Aldiaadl laall Jal g cpllall oyl

)55 slanal () 5am a8 Gaimall uad yall O Gl all ¢ a5 8 dand 5 daala e S HLiaD) LA a5 ¢ Apadaliall Al )l 038 (b
HOMA-IR dara caaas ¢ IDF / AHA / NHLBI Uabse aladiuly 320 Jiiad) e Dlie Caay o Gle YO 5 VA (u ab jlac]
&t osmalls S lally Gul gut) Sl sise el s ) jLie IS pal) a4 e s 5 ) Ll s 3 (IR) ¢l smsY) 4 e
pall Jias

u“ (Z Vi,Y) MetS L}‘“U)‘L'-J U:MH ual;&i}“ @U:\!}u.v‘)” :L«}GA )LA.\.}\ Jaza uls 3 @\Jﬂ\ 53 L;@JLJ&A YYE G (s
LS e sl e (YY) 0,00 V) ae adl) haia g i) 5 (Y, Y€ OR)YAS sall diaudl 58 0l s da i slady MetS i S Ll )
ST 0V )OR Ol sasi) A slie s gany By Jai ye day ) i 1) i yall MEIWY ) 5 ail) ¢ (Y0 <) ananll A 50 o L) ) v
sl e (Yoge 5Y vy

o & sl SV MetS @l S culS | alaad) Gl da Ui agaal (dl) 481 jall Cilaalad) (o3 (sl fan xSl (ol a5l
Lyl haall Jal se o Ryl il sl @Dl ) Jaall 5 il 5 (555l 80l 5 gl e @lld e 5 dle aall Jasa o165 ) 54 S yal) Aiand)
YT oY g8 sl sai¥ A gliay ALl
Aaalal) cUa ¢ ¢l g daglia Julas LA ¢ AR Jail) Lo Ui ¢l g Aa glia sdaeani Sl cilalSl)

ICorresponding author E-mail: alaa.hasoon.zamil@gmail.com
Received: 7/7 /2022
Accepted: 6/9 /2022

Iragi Journal of Pharmaceutical Science

65


https://doi.org/10.31351/vol32iss2pp65-73

Iraqi J Pharm Sci, Vol.32 (2) 2023

Introduction

Insulin resistance (IR), is a state of reduced
cellular response to the hormone insulin in insulin-
dependent cells such as skeletal muscle, adipose
tissue and liver. IR is caused by a combination of
genetic and environmental factors. IR is one of the
earliest manifestations of a group of human diseases,

including type 2 diabetes (T2DM) and
cardiovascular disease. These diseases are typically
associated with intertwined metabolic

abnormalities, including obesity, hyperinsulinemia,
hyperglycemia, and hyperlipidemia® .

Oxidative stress, mitochondrial dysfunction and
central obesity that increase with age, increase the
risk of the development of IR.® Obese individuals
were reported to have high serum levels of
inflammatory cytokines and free fatty acids that
were associated with reduced insulin sensitivity and
T2DM® .Gender, physical inactivity and unhealthy
food, represent additional risk factors for the
development of IR“6)

The incidence of insulin resistance differs
between nations. According to studies, the
prevalence was (15%) for young adults Swedish
.and, 25.3% for adolescent in Brazil.®), 48.5% for
adults in Congo in Africa® . In meta-analysis for
adults in Southeast Asia was 44.3%, with Malaysia
having the highest prevalence rate 50.4%, followed
by Indonesia 44.2%. (9 While in Lebanon, the
prevalence of IR among adults was 38%"D .
Metabolic syndrome (MetS) represents a cluster of
metabolic risk factors, including central obesity,
hyperglycemia, hypertension, and hyperlipidemia.
However, the exact etiology of MetS is uncertain.
IR is largely involved in the pathogenesis of the
metabolic  abnormalities that represent the
components of MetS. Insulin sensitivity is
significantly lower in subjects with two or more
components of the metabolic syndrome compared to
those with none of these components®? .The
purpose of this study was to survey the Prevalence
of IR in subjects with MetS, and the association of
IR with the component of MetS, and studying
whether age, gender, physical activity, and smoking
and dietary habits are risk factors for the
development of IR and MetS in young lIraqi
university students.

Subjects and Methods
Subjects.

Three  hundred university  students
participate in this study (165 female and 135 male),
124 were diagnosed as MetS subjects according to
IDF/AHA/NHLBI criteria. All participants enrolled
in this study were from Wasit University in Wasit,
Irag, and they are apparently healthy aged between
18 and 25 years.
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Subjects with any condition or on any medication
that may interfere with insulin sensitivity or glucose
or lipid metabolism were excluded. The study was
approved by The Ethics Committee of the College
of Pharmacy, University of Baghdad; a verbal
consent was taken from each participant after being
informed about the purpose of the study and the
expected benefits.

Anthropometrics and biochemical measurements.

During the 30-minute in-person interview,
the questionnaire was distributed to the students. It
included several questions about their age, daily
eating of fast food and vegetables (> 1-3
times/week) considered eating, physical activity and
the smoking status were divided into two groups
regular active smokers (smoking at least 10
cigarette/week) and non-smokers, then the
anthropometric measurements were done.

The performance of physical activity of moderate
intensity for longer than 150 min/week (314 was
recommended as adequate to maintain a good state
of health. This was the cut-off point used in our
study to differentiate the subjects doing regular
physical activity from subjects not doing.

The height was measured with a portable
stadiometer (Seca, Germany), the weight with a
portable electronic scale, and the waist
circumference was measured with a non-stretchable
tape. Weight and height were measured with the
subjects wearing light clothing and without shoes.
The waist circumference was assessed at the
midpoint between the lowest rib and the iliac crest
at the end of a normal expiration®® . The BMI was
calculated by dividing the subject’s weight in
kilograms by the square of height in meters (kg/m2)
and classified according to the World Health
Organization (WHO) recommendation® .Blood
pressure (BP) was taken using a standardized
mercury sphygmomanometer. The average of two
recorded values was recorded.

Fasting blood sample was collected from
each participant and was used for obtaining serum.
Serum levels of fasting blood glucose (FBG), high-
density lipoprotein cholesterol (HDL-C), total
cholesterol (TC), and triglycerides (TG) were
measured colorimetrically using the corresponding
kits: glucose kit (LINEAR CHEMICALS, SPAIN),
HDL-C kit (LINEAR CHEMICALS, SPAIN),
cholesterol kit (Biolabo SAS, France), and TG kit
(LINEAR CHEMICALS, SPAIN). Fasting insulin
was measured using a commercially available
enzyme-linked immunosorbent assay (ELISA) Kkit:
(DEMEDITEC Insulin ELISA kit, Germany).

Insulin resistance was calculated using the
homeostasis model assessment of insulin resistance
(HOMA-IR); where HOMA-IR= [(FBG (mg/dL) x
fasting insulin (uU/mL))/405].49 HOMA-IR values
above or equal to 2.0 were the diagnostic value in
distinguishing individuals with IR®"
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The metabolic syndrome (MetS) was
diagnosed using the IDF/AHA/NHLBI criteria(*8)
.The diagnosis was based on the presence of three or
more of the following components: FBG level >
100 mg/dL, TG levels > 150 mg/dL, systolic and/or
diastolic BP of >130 and > 85 mmHg, respectively,
waist circumference (WC) with ethnic-specific
values for Middle East (Arab) population's > 37
inches (94cm) for male and > 31.5 inches (80cm) for
female and HDL-C level < 40 and < 50 mg/dl for
male and female, respectively.

Statistical analyses

Statistical analysis of the present study was
conducted with the Windows version 25 of the
Statistical Package for the Social Sciences (SPSS).
The Shapiro-Wilk test was applied to assess the
assumption of normality for the data. Continuous
variable expressed as median (interquartile rang),
and difference between groups were checked using

Insulin resistant in association with MetS

Results

The present study showed that 124 (41.3%) of
participants were having MetS; the prevalence was
higher in females 83(67%) than in males 41(33%).
Metabolic syndrome subjects showed that 122
subjects (98.4%) were having FBG level >100
mg/dL; 109 (88%) were having WC > 37 inches for
male and > 31.5 inches for female; 106 subjects
(85.5%) were having HDL-C lower than 50mg/dI for
females and 40mg/dl for males; 53 subjects (42.7%)
were having high systolic blood pressure (>130
mmHg); 50 subjects (40%) were having high
diastolic blood pressure = >85 mmHg; and 30
subjects (24.2%) were having insulin resistance
(HOMA-IR >2), most of participants non-smokers
(80%). (Table-1 and 2)

Table 1. Biochemical measurements of
participants with MetS as Median (Interquartile
Range).

Mann-Whitney tests. And categorical variables were Female Male (41) | p-value
expressed as percentages, And difference between (83)
groups were checked using Chi-square test. The FBG 112 (7) 116(12) 0.059
differences between the two groups with and (mg/dl)
without IR were compared using Mann-Whitney U Insulin 5.4 (L.4) 6.3(2.3) 0.012*
tests. An odds ratio (OR) is used to measure the (LU/mI)
association between IR group and MetS components HDL-C 42 (11) 38(15) 0.987
and to study whether age, gender, physical activity, (mg/dl)
smoking, and dietary habits are risk factors for the TG 107 (5) 110(5) 0.015*
development of IR in a population with MetS. (mg/dl)
Observed associations were expressed as odds ratios
(OR) with 95% confidence intervals (Cl). A P value
of less than 0.05 was considered statistically
significant.
Table2. Anthropometric, biochemical, and lifestyle characteristics of participants with MetS.
Total (124) Female (83) Male (41) p-value
n (%) n (%) n (%)
Age (year)
18-21 54(43.5) 42 (50.6) 12(29) 0.02*
22-25 70(56.5) 41 (49.4) 29(71)
BMI (Kg/m?)
Underweight < 18.5 1 (0.8) 0 (0) 1(2.5)
Normal-weight 18.5-24.9 40 (32.2) 34 (41) 6 (14.7) 0.008*
Overweight 25 - 29.9 64 (51.6) 36 (43.4) 28(68.1)
Obese >30 19 (15.4) 13 (15.6) 6 (14.7)
WC (inch)
Normal <31.5(female) 15 (12) 6 (7) 9 (22)
<37(male) 0.01*
High >31.5(female) 109 (88) 77 (93) 32 (78)
>37(male)

BP (mmHg)
SBP <130 71 (57.3) 62 (75) 9 (22) <0.001*

>130 53(42.7) 21 (25) 32 (78)
DBP <85 74 (60) 60 (72) 14 (34) <0.001*

>85 50 (40) 23 (28) 27 (66)
FBG (mg/dl)
<100 2 (1.6) 1 (D) 1 (2.5) 0.06
>100 122(98.4) 82 (99) 40 (97.5)
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Insulin (UU/mI)
Normal  2-25 124 (100) 83 (100) 41 (100) _
HDL-C (mg/dl)
Normal > 50 (female) 18 (14.5) 3 (3.6) 15 (36.5)

> 40(male) <0.001*
Low  <50(female) 106 (85.5) 80 (96.4) 26 (63.5)

< 40(male)
TG (mg/dl)
<150 124(100) 83 (100) 41 (100) _
>150 0(0) 0 (0) 0 (0)
HOMA-IR
<2 94 (75.8) 70 (84.3) 24 (58.5) 0.002*
>2 30 (24.2) 13 (15.7) 17 (41.5)
Smoking
Yes 25 (20) 2 (2.4) 23 (56) <0.001*
No 99 (80) 81(97.6) 18 (44)
fast-food-eating
Yes 113(91) 75(90.4) 38 (93) 0.066
No 11 (9) 8 (9.6) 3 (M
Physical activity
Yes 0 (0) 0 (0) 0 (0) _
No 124(100) 83 (100) 41 (100)

BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure;
FBG: fasting blood glucose; HDL-C: High-density lipoprotein cholesterol; TG: triglycerides; HOMA-IR:
homeostasis model assessment of insulin resistance; Smoking: NO: nonsmoker; Fast-food-eating: No: Never ate
fast food; physical activity: No: less than 150 min/week; *: significant difference.

Based on the results of the HOMA-IR,
participants were divided into two groups: Insulin-
resistant and non-insulin-resistant. (Table 3)
Subjects with IR had higher BMI, WC, FBG levels,
fasting insulin levels, triacylglycerol levels, and low
HDL-C levels than subjects without IR. Statistics
showed that this difference was significant (p
<0.05). While SBP and DBP variables were not
significantly differentiated between the two groups..
The following clinical factors were shown to be
highly linked with IR (Table 4): central obesity (WC
male > 37, female > 31.5 inch) with the odds ratio
2.24, and high blood pressure (BP > 130/85 mmHg)
although it was not statistically significant for SBP,
also exhibited a connection with IR.
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Table 3. A comparison of individuals with and

without insulin resistance.

Insulin Resistance p-value

variable Yes No
(n=30) (n=94)

Age 22 (3) 22(3) 0.642
(year)
BMI 28.4(3.29) 25.8(4.19) | 0.002*
(Kg/m?)
wcC 39 (3 35 (6) 0.003*
(inch)
BP
mmHg 130 (19) 125 (22) 0.104
SBP 85 (12) 81 (15) 0.290
DBP
FBG 122.5(10) 112 (6) <0.001*
(mg/dl)
Insulin 7.8(2.1) 5.2(1.01) | <0.001*
(LU/ml)
HDL-C | 46 (12) 38 (12) 0.001*
(mg/dl)
TG 111 (3) 107 (4) <0.001*
(mg/dl)

Data are Median (Interquartile Range), *significant

difference.
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Table 4 . Metabolic syndrome components as risk factors for Insulin resistance.

MetS component Insulin resistance n (%) OR 95% CI
Yes (n=30) No (n=94)

FBG (mg/dl)

<100 0 (0) 2(2.1) 1 1-1.45

>100 30(100) 92 (97.9)

HDL-C (mg/dl)

Normal 13 (43.3) 5 (5.3) 0.073 0.02-0.23

Low 17 (56.7) 89 (94.7)

SBP (mmHg)

<130 13 (43.3) 58 (61.7) 2.107 0.91-4.84

>130 17 (56.7) 36 (38.3)

DBP (mmHg)

<85 13 (43.3) 61 (64.9) 241 1.04-5.58

>85 17 (56.7) 33(35.1)

TG (mg/dl)

<150 30 (100) 94 (100) - -

>150 0 (O 0 (0

WC (inch)

Normal 2 (6.7) 13 (13.8) 2.24 0.47-10.5

High 28 (93.3) 81 (86.2)

Low: HDL-C <40 for the male, <50 for the female. High: WC >37 inch for male, >31.5 for the female. Normal
HDL-C >40 for male, >50mg/dl for female. Normal WC <37 inch for male, < 31.5 inch for female; OR: odd
ratio; Cl: confidence intervals.

According to the results in (Table 5) IR is more
related with high BMI (>25) with OR 6.107 (95%Cl:
1.7- 21.5), smoker subjects with OR 2.633(95%Cl:
1.03- 6.73) and consumption of fasting food with

Table 5 .The association of risk factor and IR.

OR 3.45 (95%CL: 0.42-28.1). All subjects with
insulin resistance had a low level of physical

activity. (Table 5).

Insulin Resistance n (%) OR 95% ClI
Yes (n=30) No (n=94)

Age

18-21 13(43.3) 41(43.6) 1.01 0.44-2.3
22-25 17(56.7) 53(56.4)

Gender

Female 13(43.3) 70(74.5) 0.262 0.11- 0.618
Male 17(56.7) 24(25.5)

BMI

<25 3 (10) 38(40.4) 6.107 1.7-215
>25 27(90) 56(59.6)

Smoking

Yes 10(33.3) 15(16) 79(84) 2.633 1.03-6.73
No 20 (66.7)

Physical activity

Yes 0 (0) 0 (0) _ _

No 30(100) 94(100)

fast-food-eating

Yes 29(96.7) 84(89.4) 3.45 0.42-28.1
No 1 (3.3) 10(10.6)
Discussion

This research looked at the relationship
between IR and MetS in healthy young adults in
Iraq between 18 — 25 years. The results of the current
study point to a significant association between

subjects with IR and irregularities in

each
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component of MetS in Iragi university students, with
a higher prevalence among males (56.7 %) than
females. Insulin resistance was highly correlated
with consumption of fast-food, high BMI, regular
smoking and physical inactivity.



Iraqi J Pharm Sci, Vol.32 (2) 2023

Insulin resistance prevalence in our study
was 24.2% among124 subjects with MetS. Naja et
al. reported (44.6%) IR prevalence among randomly
selected 308 Lebanese adults (19). Globally, there
was insufficient studies about university students,
insulin resistance prevalence among adults differ by
country , in Venezuela it was 46.5 % 9, Other
study for young Asian populations like a study
among Malaysians were 44.5% @9, Korean 47.1%
@2 and Chinese 44.3% @3
In our study, only two of five MetS components
have association with IR. The two components are
high blood pressure and increased waist
circumference with odds ratio (2.107 SBP, 2.41
DBP) and (2.24 WC), this finding is parallel and
consistent with analysis by Juan Salazar et al.
suggesting that obesity is the most common cause of
IR in adult @9,

Insulin resistance (IR) is associated with
obesity due to lipolytic effects of adipocytes leading
to large amounts of free fatty acids and impaired
secretion of adipokines and both involved in the
modulation of insulin sensitivity @4,

Our study found that obesity is associated

with insulin resistance (odds ratio 2.24). Through
various productions in released metabolites,
hormones and adipocytokines, adipose tissue plays
amajor role in the mechanism for developing insulin
resistance @, The production of non-esterified fatty
acids by adipocytes prevent carbohydrate
metabolism through substrate competition and
impaired intracellular insulin signaling. The most
common cytokines secreted by adipose tissue is
adiponectin. Adiposity is inversely correlated with
adiponectin. Adiponectin  possesses remarkable
insulin-sensitizing effect hence the increase of
adipose tissue causing reduced levels of adiponectin
associated with insulin resistance and metabolic
syndrome®@®,
Insulin and obesity have a strong correlation.
Obesity reduces the ability of the cell to respond to
insulin, leading to insulin resistance and raising
insulin levels. Conversely, elevated insulin levels
promote weight gain @7, By changing an organism's
oxidative status, obesity contributes to the
development of MetS. Through the control of
several mechanisms, oxidative stress is closely
linked to the rise in blood pressure @9, More
significantly, it is linked to the emergence of insulin
resistance. Insulin resistance is brought on by
oxidative stress in a number of cells that control the
body's response to insulin: muscle, liver, and
adipocytes. It has been established that oxidative
stress is principally responsible for the developing
of insulin resistance @9,

This study found a substantial correlation
between IR and high blood pressure but not
significant for SBP. It is well known that IR is linked
to higher BP in most people, G- Insulin resistance
contributes to increase BP through several
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mechanisms, among which are the enhanced tissue
angiotensin 1l (Angll) and aldosterone activities, the
increased sympathetic nervous system activity
(SNS) through elevating norepinephrine levels, and
oxidative stress. However, emerging evidence
indicate that endothelial dysfunction may represent
the upstream event preceding peripheral reduction
of insulin sensitivity, due to impairment of
peripheral tissue blood flow. GV

In this study, the most risk factors that affected
the incidence of IR were high BMI, regular active
smoking and dietary consumption of fasting food.
Being overweight may be an essential connection
between IR and MetS in young. Likewise, Juarez-L
“opez et al. ®? demonstrated that (irrespective of age
and gender), the severity of IR was strongly linked
with the prevalence of disorders of the MetS
component in obese children in Mexico. All of these
results point to the possibility that IR may be crucial
in grouping MetS risk factors, especially in young,
healthy students.

Smoking increase the risk of insulin
resistance with OR (2.633) in our study. This finding
may be due to hormonal changes associated with
smoking. Moreover, smoking may induce insulin
resistance directly, owing to its effect on abdominal
obesity, which may partly occur due to nicotine
absorption during smoking ©3. Another possible

mechanism  involves the smoking-triggered
secretion of hormones such as cortisol,
catecholamines, and growth hormones, which

oppose the effects of insulin. These hormones
increase lipolysis, subsequently increasing free fatty
acid release and impairing endothelial function,
which may contribute to insulin resistance ©4:
Finally, smoking is negatively associated with
adiponectin levels in a dose-response manner ©9,
Smoking cessation may protect against insulin
resistance.,

There are a few hypothesized ways that
eating fast food contributes to the emergence of
insulin resistance and metabolic syndrome®”- The
most significant sign of them is low-quality nutrition
caused by frequent fast-food consumption; which is
identified by more eating of lipids, saturated fats,
cholesterol, and salt, in addition to lesser eating of
carbohydrates, fiber, calcium, and antioxidant
vitamins, which are regarded to be the chief dietary
risk factors for fat gain, metabolic syndrome, and
insulin resistance ©® .  Fast food's high fats,
cholesterol, and saturated and trans fatty acids are
also seen as risk factors for developing postprandial
metabolic disorders, such as dyslipidemia, oxidative
stress, and subclinical inflammations ©%: as well as
long-term abdominal fat gain, insulin resistance, and
hypertension ©7,

A study by Tucker et al. Found that 272
middle-aged non-diabetic American women had an
increase in insulin resistance with high dairy intake
9, And Z Bahadoran et al. showed that after three
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years of follow-up in Iranian individuals, increased
fast food intake had bad effects on metabolic
syndrome @9, A fifteen year follow-up of US
women showed strong positive associations between
fast food consumption with weight gain and insulin
resistance 9,

All subjects in our study had physical

inactivity; a study by Vighnesh et al. “? discovered
that acute exercise significantly increased insulin
sensitivity.
Metabolic syndrome is the key risk factor to monitor
to forecast the development of cardiovascular
disease (CVD) and type 2 diabetes (T2DM)
accurately ¥, Additionally, insulin resistance is
one of the most vital markers for assessing
metabolic syndrome @2, Thus, investigating the IR
in an early stage is crucial for trying to stop the
disease's progression into a chronic disease.

Conclusions

The current research shows a considerable
percentage of IR among metabolic syndrome
subjects. Central adiposity and high blood pressure
are the two most significant MetS factors linked to
IR. High BMI, smoking and fast food consumption
also affect IR in these subjects. Consequently, the
early detection of insulin resistance and MetS is
essential. Effective interventions for improving
insulin sensitivity, blood pressure and reducing
abdominal obesity primarily by weight reduction,
smoking cessation and physical activity may help in
preventing type 2 diabetes and cardiovascular
disease. Clinical trials in the future are required to
validate our results.
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