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Abstract:

Background: Insulin works to control blood sugar levels by sending signals to the liver, muscle and fat
cells to bring in sugar out of the blood. Obesity, hyperinsulinemia, hyperglycemia, and hyperlipidemia
are only a few of the interconnected metabolic disorders that are frequently linked to these diseases.
Objective: To study the effects and help Triglyceride - Glucose index and Homeometric Assessment
Model - IR (TyG & HOMA-IR) of knowing insulin resistance and early detection of prediabetes.
Method: The study was conducted on 160 volunteers, recruited from an age group based on the study
data and the preliminary analysis, with ages ranging from (40-70 years). They were grouped into two
groups: The first includes 80 individuals, with a body mass index of more than 25Kg/m?, who suffer
from insulin resistance, and the second group includes 80 healthy individuals who do not suffer from
insulin resistance and whose body mass index is less than 25Kg/m?2. Measurement of serum glycine
using ELISA Kits.

Results: After conducting the statistical procedures for the results of the subjects for each of TyG,
HOMA - IR, it was found that there was a significant change and p-value (0.00). Both markers of IR
(TyG index and HOMA-IR) show that TyG index and HOMA-IR a had significant positive correlation
with each of fasting serum glucose, insulin, and blood HbA1c%.

Conclusion: HOMA-IR has had an important role in the evaluation, detection, and prognosis of
prediabetes. It also helps detect early complications associated with T2DM and helps determine the best
treatment options. It also found that the TyG index beats the HOMA-IR for predicting prediabetes. It
has the best potential for early detection and prevention of prediabetes.
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Introduction

Insulin helps control blood sugar levels by sending
signals to liver, muscle, and fat cells to bring sugar
out of the blood. Therefore, insulin prompts the cells
to take up glucose to be used for energy. If the body
has enough energy, the insulin signals the liver to
absorb glucose and store it as glycogen (1). Insulin
resistance (IR), which is characterized as a problem
with  insulin-mediated regulation of glucose
metabolism in tissues, is one of the earliest signs of
several conditions that affect people, including type 2
diabetes (T2DM) and cardiovascular disease.
Obesity, hyperinsulinemia, hyperglycemia, and
hyperlipidemia are only a few of the interconnected
metabolic disorders that are frequently linked to these
diseases. The causes of IR are hereditary and
environmental factors (2).

Insulin resistance is a disruption of metabolism and is
a major and well-established risk factor for heart
disease (3). Lifestyle factors such as poor diet and
improper daily activities are among the most
important factors which lead to weight gain and thus
lead to obesity (4).

Obesity is considered a pandemic of the current
century by international organizations (5).
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One of the complications of IR and diabetes is the
occurrence of osteoporosis and bone fractures (6).
Iragis who appeared to be in good health had a 17%
frequency of prediabetes. Prediabetes was more
common in people over 40, especially in those who
were overweight or obese. Patients with prediabetes
had serum levels of proinflammatory and anti-
inflammatory cytokines that were elevated (7).

IR plays a role in a variety of metabolic diseases,
including T2DM and metabolic syndrome.
Inadequate insulin signaling prevents glucose from
entering fat cells and skeletal muscle cells. The
precise underlying cause of IR is unknown, however
various key pathways, such as oxidative stress,
inflammation, insulin receptor mutations,
endoplasmic reticulum stress, and mitochondrial
dysfunction, have been proposed (8).

A statistical procedure called the Homeometric
Assessment Model (HOMA) is used to determine IR
and pancreatic cell activity. (HOMA - IR). Both are
determined using insulin and fasting plasma glucose
(FPG), but utilizing different formulas. Although
investigations based on a modified version of HOMA
using connective peptide concentrate (C-peptide) are
shown, they are extremely scarce. The use of HOMA
for assessing Cardiovascular Disease (CVD) and
Diabetes Mellitus (DM) has been the subject of more
than 500 research papers. However, DM is where it is
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most frequently employed. In gauging prediabetes,
identifying diabetes in the elderly, and detecting all
forms of diabetes, HOMA-IR has proven to be more
helpful (9).

In addition to glycosylated hemoglobin (HbAlc),
HOMA indicators are widely based, but adequate
standardization is critical for the successful clinical
use of HOMA. The accuracy of glucose and insulin
values affects how reliable these models can be used.
Hypomagnesemia and visceral adipose tissue (VAT)
hypomagnesemia are also related to HOMA-IR.
That's where people who have T2DM have metabolic
syndrome (MS). Patients with a HOMA-IR < 2.5
have a younger mean age, a lower body mass index,
and a lower VAT (9).

IR may be easily substituted by the triglyceride-
glucose (TyG) index. However, epidemiological data
on its association with long-term mortality risk are
scant. Increased TyG index had a nonlinear
relationship with death from all causes and CVD and
represented a more severe IR (10). TyG index = In
[fasting serum triglyceride (mg/dL) FPG (mg/dL) /
2], high values are considered from 8.8 (11). Ease of
TyG calculation with minimal time or cost constraints
- makes it ideal for a larger population. This could be
a feasible approach for large-scale diabetes screening,
particularly in developing countries (12). The
metabolic pathways for glucose control are now well
understood since several amino acids appear to play a
significant role in influencing insulin production and
likely insulin activity (13). Several factors, including
metformin doses, may contribute to glycemic control
and signs of obesity (14). Low plasma levels of
glucogenic amino acids, especially glycine, have
been observed in lean, non-diabetic, insulin-resistant
children of diabetic parents who exhibited various
degrees of insulin secretion irregularities (15). The
development of novel surrogate indicators of IR that
are more relevant for clinical screening and large
population-based studies was urgently needed. As a
result, a variety of surrogate indices have been used
to make the determination of IR easier and more
accurate. TyG index, Lipid accumulation product
(LAP), and Visceral Adiposity Index (VAI), among
others, are examples of novel surrogate markers of IR
(16). IR has been found to be significantly higher in
obese than non-obese  diabetic ~ patients  and
control (17).

The Aim of the Study

Studying Triglyceride - Glucose Index and Home
Assessment Form - IR (TyG & HOMA-IR) to see
how well it diagnoses insulin resistance and diabetes.

Patients and Method

One hundred and sixty Patients suspected to have DM
were selected from the Specialized Center for
Endocrinology and Diabetes in Al-Rusafa/Baghdad,
the work was carried out during the period from
October 2022 to January 2023. BMI of 25 kg/m?
and/or waist circumference of 102 cm in males and
88 cm in women qualified for the cases for the IR test.

Age 40 years or over, plus two or more of the
following requirements Fasting glucose 110-125
mg/dl, triglycerides 150 mg/dl HDL cholesterol 40
mg/dl in males and 50 mg/dl in women (18).

The study's 80 individuals with IR (40 men and 40
women) and eighty healthy (40 men and 40 women)
controls with an age range 40 to 69 years.

Based on the spectrum of ages of those who suffer
from IR. The blood samples were centrifuged at 3000
rpm for 10 minutes to separate and extract the serum,
which is used to measure the levels of fasting serum
insulin by Cobas E 411 immunoassay analyzer, lipid
profile, and serum fasting blood glucose by COBAS
C 111 analyzer. The remaining serum was kept at (-
20 C° to be used for automatic ELISA tests to
measure glycine levels. The COBAS C 111 analyzer
was used to estimate the HbAlc level.

Version 26 of SPSS was used for statistical analysis.
Mean = standard deviation was calculated for
continuous variables and the student t-test was
performed to test for difference between two groups.
The Chi-square was used to test for association
between categorical variables. The relationship
between variables was examined using Person's
correlation coefficient (r). The P values (p< 0.05)
were considered to be statistically significant.
Receiver operator curve analysis (ROC) was used to
find the best cut-off, sensitivity, and specificity serum
fasting insulin, glycine, HOMA-IR, insulin secretion
(1S), and TyG index.

Presence of at least one of the following elements
according to American Association of Clinical
Endocrinology (AACE) definition of IR CVD,
hypertension, PCOS, NAFLD, or acanthosis
diagnosis Nigerians family history of CVD,
hypertension, or T2DM gestational diabetes or a past
sweat glucose intolerance that isn't a white sedentary
life type BMI 25 kg/m? and/or waist measurements of
at least 102 cm for men and 88 cm for women 40
years of age and at least two of the following
requirements Triglycerides > 150 mg/dL HDL > 40
mg/dL and > 50 mg/dL in men and women 130/85
mmHg or lower blood pressure 120 minutes after a
glucose challenge or a fasting glucose of 110-125
mg/dl (Diabetes is not included in the AACE IRS
range of 140-200 mg/dl.) (18). The International
Diabetes Federation (IDF) definition of metabolic
syndrome (MS) is the only one of the three that
requires a high value of waist circumference for it to
diagnose MS, and it is this definition that has the
strongest connection to IR. Waist circumference is
the key marker for IR and can therefore be used to
identify MS early on (19). Permission to conduct the
research was granted by the Iragi Ministry of Health
at the Specialized Center for Endocrinology and
Diabetes, Baghdad, Rusafa.

Results

Table 1 shows that the two study groups were not
significantly different when compared by their mean
age. The IR group had a significantly higher BMI
(32.1£3.7) than those without IR (21.3£1.76). P<



0.05. The same is true for waist circumference
(113.4+8.91) vs. (76.8+£11.06) respectively.

Table (1): Comparison of the groups by Mean + SD of
Age, BMI, and waist circumference.

Parameter Individual Individual p-

without IR with IR (N= Value
(N=80) 80) mean +
mean + SD SD
0.82
Age (years) 53.6+8.63 53.27+8.83 (N.S)
BMI (Kg/M? 213+176  32.14+37 0'(%(;0
Circun\1/¥:r§rt10e(cm 76.8 1134+ 0.000
) 11.06 8.91 (S)

To confirm the diagnosis of IR the following test
Blood HbAlc, serum fasting glucose, fasting insulin,
Lipid profile, triglyceride-glucose index, HOMA-IR,
insulin secretion, and TG/HDL ratio are dependent
and on American Association of Clinical
Endocrinology (AACE) criteria. All results in Table
(2) match definition of the insulin resistance as well
as its absence.

Table (2): Comparison of the two study groups by Mean
+SD of the results of blood tests.

respectively. IR markers were not significantly
correlated with insulin secretion (p> and diabetes
finding of studied in Healthy 0.05) table (3) shows.

Table (3): Correlation of TyG index and HOMA-IR
with the results of blood tests in the IR group.
TyGindex  p- HOMA-IR
N=80,r=  Value N=80,r=

Parameter P-Value

Fasting
Serum
Glucose
(mg/dI)
Blood
HbAlc
(%)
Fasting
Serum
Insulin
(nu/MI)
Serum
Glycine
(Pg/ml)
Insulin
secretion

0.000

0.63 )

0.000 (S) 0.65

041 0.000 (S) 0.32 0.02 (S)

035  0.001(S) 0.30 0.01(S)

021 0.05(S) -0.24 0.03 (S)

0.71

0.06 (N.S)

0.54 (N.S) 0.04

Although it was not among the objectives of the study
to specify the use of serum glycine as a diagnostic tool
for IR, it showed high sensitivity and specificity when
compared with the approved indicators for diagnosis

Markers  Healthy individuals  Individuals - (HOMA-IR & TyG index). As shown in the table (4).
without IR (N=80) with IR (N= Value
mean + SD 80) g\gan * Table (4): Area under curve, Sensitivity, Specificity, and
Fasting cut-off value for serum glycine, HOMA-IR, insulin
Serum 0.000 secretion, TyG index, and fasting insulin.
71.3+9.74 120.9+4.76 : o e
Glucose (s) Marker AU Sensitivit  Specificity Cut-off
(mg/dl) c y % %
Blood 0.000 HOMA-IR 1 100% 100% 3.32
4.820.52 6.30.23
HbAlc (%) (s) Insulin 093 4oy 92 5% 0.135
Fasting secretion 2 ©7 =7 :
ISerulr_ﬂ 6.8+1.31 208424 ?-?00 TyG index 1 100% 100% 4.63
nsulin - o S i
(WUIMI) IF[‘;‘:SI’I‘E 1 100% 100% 10.05
Total Serum 0.000
Cholesterol ~ 135.9+10.24 174.2+43.40 :
(S) ROC Curve
(mg/dl) T P Y Source of the
Serum | Curve
Triglyceride ~ 76.4%8.21 217.872.31 ?S;;)OO
(mg/dl)
Serum LDL 0.000 z°
cholesterol 72.5+11.63 97.3+38.17 ©) 2
(mg/dl) H
Serum HDL
cholesterol  47.7+5.43 35.046.80 ?S'?OO
(mg/dl)
HOMA-IR  1.1620.10 7.2¢1.11 ?S'SOO N
0 000 1 - Specificity
TyG Index  4.3+0.09 5.1+0.14 (é) Figure (1): ROC curve for serum fasting insulin,
Insulin 0.000 HOMA-IR, TyG index, and insulin secretion.
secretion 0.1+0.30 0.2+£0.07 ©)

Pearson‘s correlation for both markers of IR (TyG
index and HOMA-IR) how that TyG index and
HOMA-IR a had a significant positive correlation
with each of fasting serum glucose, insulin, and blood
HbA1c% (p< and diabetes finding of studied in
Healthy 0.05) (r=0.63,r=0.35,r=0.41) (r = 0.65,
r =0.30, r = 0.32). Both IR markers TyG index and
HOMA-IR show a significant negative correlation
with serum glycine (p< and diabetes finding of
studied in Healthy 0.05) (r = -0.21, r = -0.24)

Discussion:

Weight gain is the most important factor for diabetes
related to IR. In overweight people, adipose tissue
produces high levels of non-esterified fatty acids,
glycerol, hormones, and pro-inflammatory cytokines
that may lead to the development of IR (20).

The non-significant findings revealed that age is not
only associated with insulin resistance and
mitochondrial myopathy but also with changes in
body composition, which may be involved in the
development of age-related insulin resistance. The
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effect of age was also eliminated by selecting the ages
of the control group, close to the ages of the patients
(21).

Adipose tissue and some viscera may develop an
excess of glucose as a result of IR. In this situation,
fat tissue acts as an endocrine organ and secretes
inflammatory cytokines (adipocytokines), which
block the insulin signal, increase (IR), and result in a
certain level of tissue inflammation (22).

However, in addition to the previously noted
reduction in beta-oxidation brought on by
hyperinsulinemia, which prevents lipolysis, there is
also an increase in fatty tissue as a result of the
accumulation of glucose in the adipocytes. The
release of very-low-density lipoproteins (VLDLS),
which result in dyslipidemia, the synthesis of
triglycerides in the liver, and abdominal obesity are
all made more likely by these processes (23).
Modifications in redox balance, oxidative stress,
inflammation, and insulin sensitivity appear to be
linked, at least in part, with mitochondrial
dysfunction playing a crucial supporting role that may
worsen  these  abnormalities. Additionally,
recognized as modulators of the metabolic pathways
influencing insulin action are nutrients, substrates,
and systems engaged in host-nutrient interactions,
including gut bacteria (24).

The results of indirect laboratory measurements and
indices are erratic and unreliable. However, an
accurate and simple method of identifying IR is
through skin manifestations. Clinicians should
always keep in mind that skin conditions associated
with IR may be an indication of a metabolic
imbalance that puts the patient at risk for or who
already has diabetes. At the same time, clinicians
should not only be aware of them but also take action
by determining the patient's current metabolic status
and, if necessary, providing them with counseling
regarding lifestyle interventions like eating well,
exercising, quitting smoking, and losing weight (25).
HbAlc and FPG revealed a substantial connection to
HOMA — IR for both sexes (26). Both HOMA-IR and
TyG index were found to have high accuracy,
represented by good sensitivity, and specificity of up
to 100%, and this confirmed the diagnosis for the
group's individuals with high insulin resistance.
According to studies, the TyG index accurately
predicted insulin resistance and reflected glycemic
management. Despite this, it cannot be adopted as a
diagnostic tool because the sample collected is a
region of confidence intervals that cannot be adopted.
The TyG index and HOMA-IR were strongly
associated with this study (27).

Conclusion

This study has highlighted the following outcomes:
HOMA-IR has had an important role in the
evaluation, detection, and prognosis of prediabetes. It
also helps detect early complications associated with
T2DM and helps determine the best treatment
options. It also found that the TyG index beats the
HOMA-IR for predicting prediabetes. It has the best

potential for early detection and prevention of
prediabetes.
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