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Abstract

Diabetes Mellitus (DM) is increasing at an alarming rate throughout the world, the assessment
of glycemic control is of prime importance because of its key role in the management of type
2 DM. Diabetics with poor glycemic control have adverse effects on the life expectancy;
however, laboratory determinations of plasma HbA1c are not yet widely available in addition
to its high cost. Recently, the TyG index, a product from the fasting levels of triglycerides and
glucose, presented promising results as a surrogate marker for the assessment of insulin
resistance. Is to evaluate the potential of using TyG index and TyG derived indices (TyG-WC,
TyG-BMI) to assess glycemic control and its correlation with HbAlc in patients with type 2
DM. This cross-sectional study was conducted on 50 type 2 diabetic patients recruited from
Endocrinology and Metabolism department of Al-Zahraa University Hospital. They were
divided into two groups according to HbAlc level Group 1: included 11 controlled type 2
diabetic patients with HbAlc less than 6.5% Group 2: included 39 uncontrolled type 2 diabetic
patients with HbAlc more than 6.5%. Detailed history, clinical examination and
anthropometric measurements were assessed for all selected patients. Fasting plasma glucose,
glycosylated hemoglobin (HbALc), total cholesterol, triglycerides, low density lipoprotein
(LDL-C), high density lipoprotein HDL-C, and fasting insulin) were measured then insulin
resistance index (IR) was calculated as follow: HOMA-IR =(FBI (ulU/ml) x FBG (mg/dl))/405
.TyG indices were calculated according to the following formula: triglyceride glucose index
(TyG) is calculated as TyG index = In (fasting TG [mg/dL] x fasting glucose [mg/dL]/2).
Triglyceride waist circumference (TyG-WC) calculated asTyG-WC= TyG x waist
circumference. Triglyceride BMI (TyG-BMI) calculated asTyG-BMI = TyG xBMI. The mean
triglyceride glucose index in the uncontrolled cases was statistically significantly higher as
compared to the cases with controlled diabetes, Significant positive correlation was found
between triglyceride glucose index and fasting blood glucose, postprandial blood glucose,
HbAlc, triglyceride and HOMA-IR. Triglyceride glucose index revealed the highest accuracy
for detection of uncontrolled diabetic cases.
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1. Introduction

Diabetes Mellitus (DM) is increasing at an
alarming rate throughout the world, the
assessment of glycemic control is of prime
importance because of its key role in the
management of type 2 DM. Diabetics with
poor glycemic control have adverse effects
on the life expectancy and quality of life
[1].

Glycated hemoglobin (HbAlc) has been
considered as a good indicator of overall
glycemic control and possible risk for long
term complications. It is validated;
however, laboratory determinations of
plasma HbA1c are yet not widely available
and standardized in all services in addition
to its high cost [2].

Triglyceride glucose index (TyG) index, a
product from the fasting levels of
triglycerides and glucose, presented
promising results as a surrogate marker for
the assessment of insulin resistance (IR) [3]
with a good correlation with gold standard
hyperglycemic clamp according to a study
in Brazilian [4] and Mexican [5].

So, measuring serum TG level as part of
TyG index or alone can be a useful and
cost-effective marker and represent the
glycemic and cardiovascular status of an
individual simultaneously. The aim of the
present study was to evaluate the potential
using of TyG index and TyG derived
indices (TyG-WC, TyG-BMI) to assess
glycemic control and its correlation with
HbA1c in patients with type 2 DM.

2. Patients and Methods

This study is a cross-sectional study
including 50 type 2 diabetic patients. The
study was conducted at Al-Zahraa
University Hospital (Al-Azhar University),
Cairo, Egypt.

The diabetic patients were divided into 2
groups according to HbAlc level:
Controlled group: Included 11 type 2

diabetic patients with HbAlc less than
6.5%. Uncontrolled group: Included 39
type 2 diabetic patients with HbAlc more
than 6.5%.

This cross-sectional study was done during
a period of 6 months starting from February
2021 till July 2021. The study was
approved by the Review Board of Al-Azhar
Faculty of Medicine for Girls ethical
committee. Study design was explained,
and verbal informed consent was obtained
from participants prior to enrollment in this
study. The current study included 50 type 2
diabetic patients on oral antidiabetic
medications; they were selected according
to the following (inclusion and exclusion)
criteria.

2.1 Inclusion criteria

Patient with age range (32 to 61) year who
had previously established diagnosis of
T2DM according to the American Diabetes
Association [6]. The patients were
diagnosed based on plasma glucose
criteria, either the fasting blood glucose >
126 mg/dl or 2 hour post prandial blood
glucose > 200 mg/dl during a 75-g oral
glucose tolerance test, or HbA1C > 6.5 %.

2.2 Exclusion criteria

Type 1 diabetes mellitus, Type 2 DM on
insulin therapy, Gestational diabetes,
Female patient on hormonal replacement
therapy, Thyroid disorders, Smokers,
extremely obese patients, Patients on lipid
lowering therapy, Patients with chronic
liver diseases or chronic renal diseases,
Patients with infection or history of recent
infection and Patients with malignancy.
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2.3 Subjects of this study were submitted
to the following laboratory
investigations included:

» Fasting plasma glucose [mg/dl] by
spectrophotometric technique.

» 2-hour postprandial blood glucose.
» Glycosylated hemoglobin (HbA1c).

» Lipid profile including serum total
cholesterol [mg/dl], (TG) [mg/dl], high
density lipoprotein cholesterol HDL-C
[mg/dl].  Low-density  lipoprotein
cholesterol (LDL-C) was calculated by
using Friedwald formula: (Total
cholesterol) — (HDL-C) - ([TG]/5) [7].

» Fasting serum insulin [pulU/mI] by
ELISA.

» Assessment of insulin resistance (IR)
index by using Homeostatic Model
Assessment  of insulin  resistance
(HOMA-IR) equation.

» HOMA- IR = Fasting Insulin (pU/ml) x
fasting glucose (mg/dl) /405 [8] .

» TyG indices were calculated according
to the following formula [9] as TyG
index = In (fasting TG [mg/dL] x fasting

glucose [mg/dL]/2). Triglyceride waist
circumference (TyG-WC) calculated as
TyG-WC= TyG x waist circumference.
Triglyceride BMI (TyG-BMI)
calculated as TyG-BMI = TyG xBMI.

» BMI was calculated according to the
following equation BMI = kg/m?,

2.4 Statistical analysis of the data

Data were fed to the computer and analyzed
using IBM SPSS software package version
22.0. Qualitative data were described using
number and percent. Quantitative data were
described using median (minimum and
maximum) for non-parametric data and
mean, standard deviation for parametric
data after testing normality using
Kolmogrov-Smirnov test. Significance of
the obtained results was judged at the
(0.05) level. Significance test results are
quoted as two-tailed probabilities. For all
the above-mentioned tests, the level of
significance was tested, expressed as the
probability of (p-value) and the results
were explained as following: Non-
significant if the p value is > 0.05,
Significant if the p value is < 0.05 and
highly significant if the p value < 0.01.

3. Results

Table (1): Demographic data and characteristics of the studied patients.

Total no. =50
AR () Mean + SD 47.12+7.41
gely Range 32-61
Sex Female 25 (50.0%)
Male 25 (50.0%)
. . Median (IQR) 4(2-6)
Duration of diabetes (years) BT 120
Mean + SD 85.98 + 15.22
B ight (K
ody weight (Kg) Range 53115
. Mean + SD 164.52 £ 9.47
Height (cm) Range 145185
Mean £ SD 31.57+4.48
BMI (kg/m2) Range 242
Waist circumference (cm) Mean £ SD 110.90 £16.01
Range 50 — 140
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Table (2): Blood glucose level and degree of diabetes control among the studied patients.

Table (3): Comparison between controlled and non-controlled diabetic patients as regard HbAlc, fasting blood glucose and
post prandial blood glucose level.

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant «: Independent
t-test; #: Mann-Whitney test.

Table (4): Comparison of lipid profile between controlled and non-controlled studied diabetic patients.

Table (5): Comparison between controlled and non-controlled studied diabetic patients as regard serum fasting
insulin and HOMA IR.

Table (6): Comparison between controlled and non-controlled studied diabetic patients as regard triglyceride
glucose index, triglyceride waist circumference and triglyceride BMI.

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant, «: Independent
t-test
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Table (7): Correlation between triglyceride glucose index and the other studied parameters.

Triglyceride glucose index

r P-value
Triglyceride waist circumference 0.192 0.181
Triglyceride BMI 0.114 0.429
Age 0.017 0.906
Duration of diabetes (years) 0.227 0.112
Body weight Kg -0.066 0.651
Height (cm) 0.022 0.878
BMI -0.187 0.194
Waist circumference (cm) -0.175 0.223
Fasting blood glucose (mg/dl) 0.677** 0.000
Postprandial blood glucose (mg/dl) 0.540** 0.000
HbA1C 0.420** 0.002
Total cholesterol (mg/dI) -0.051 0.725
Triglyceride (mg/dl) 0.238 0.096
HDL (mg/dI) -0.145 0.314
LDL (mg/dI) -0.125 0.386
Serum fasting insulin (mlU/ml) 0.012 0.937
HOMA IR 0.229 0.110

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant.

4. Discussion

Diabetes mellitus (DM) is one of the most
common metabolic disorders that is
increasing at an alarming rate all over the
world. The latest estimates of diabetes
mellitus showed a prevalence rate of 11.1%
with diabetes in 2019, expected to rise to
13% by 2045 [10].

During the past three decades, HbAlc has
been used as a biomarker for evaluating
glycemic control in type 1 and type 2
diabetes [11].

An index composed of triglyceride and
glucose, termed  “triglyceride-glucose
index” or simply “TyG index” has been
suggested to help as surrogate marker for
insulin resistance [12].

TyG index has been reported to precede
and significantly predict diabetes and
cardiovascular events in adults, older adults
and hypertensive patients [13].

So, TyG index was suggested as a
diagnostic marker for early identification of
diabetic complications, therefore, this
study was conducted to evaluate the
potential using of TyG index and TyG
derived indices (TyG-WC, TyG-BMI) to
assess glycemic control and its correlation
with HbA1c in patients with type 2 DM.

In our study, the age ranges from 32 to 61
years mean age (47.12 + 7.41) was similar
results were shown by Megahed and Farg

[14], they reported that mean age 49.76 +
9.19 years. Moreover, this result was in
agreement with Mufunda et al., [15] who
found that the mean age of their studied
sample was 48 vyears. This could be
explained as this age group (middle age)
has the highest percentage of work and
stress.

In the current study, 50% of cases were
females and the other 50% were males,
there is variable sex distribution of type 2
diabetic patients in the different studies.
Mostafa [16] also revealed that more than
three quarters of the studied sample were
females.

In this study, the duration of DM for the
included cases ranged from 1 to 20 years
with 50% of the cases in the range between
2 and 6 years. In the current study there was
no statistically significant difference
between controlled and uncontrolled
diabetic patients regarding age. The lack of
statistically significant age difference in the
present study is of value to nullify the effect
of age on the studied parameters. This is in
agreement with Souliotis et al., [17] who
reported no difference between poor and
good glycemic control as regard the age.
Our results disagreed with Othman et
al.,[18] who found that poor glycemic
control is more common among patients
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older than 50 years old, and with duration
of diabetes more than 7 years. The reason
for the difference between our study and
other studies may be the variation in
clinical characteristics of the participants.
Some studies have proposed that the longer
duration of diabetes is the greater the risk
of  development of complications
associated with type 2 diabetes [19]. In our
study, there was no statistically significant
difference  between controlled and
uncontrolled diabetes cases regarding the
duration of DM. In accordance with our
results Souliotis et al.,[17] showed that
there was none statistically significant
difference as regard duration of treatment
and glycemic control between controlled
and uncontrolled patients. On the opposite
side, the duration of DM has been reported
as a predictor of poor glycemic control in
previous study [20] Hyperlipidemia is
associated with insulin resistance, and it is
common in patients with type 2 diabetes
mellitus. Insulin resistance and associated
hyperinsulinemia are associated with
hypertriglyceridemia,  increased  low-
density lipoprotein (LDL), and low serum
high-density lipoprotein (HDL) cholesterol
concentrations [21] . In the current study,
there was no statistically significant
difference  between controlled and
uncontrolled diabetic cases regarding the
lipid profile. This agreed to study done by
Awadalla et al., [22] they reported that
there was no significant difference in TG,
TC, LDL, and HDL between the glycemic
control group and the uncontrolled group.
Our results disagree with Rabbani [23] who
reported that there was significant
difference of the level of total cholesterol,
triglycerides and LDL-cholesterol levels
between controlled and uncontrolled
diabetic patients. Our study agreed with
Hameed who showed that the HOMA-IR in
the uncontrolled DM patients were
statistically ~ significantly  higher  as
compared with the controlled group [24].

The predicating ability of TyG index has
been studied in different metabolic states.
Guerrero-Romero et al. [5] proposed that

TyG index could be a marker of IR with an
excellent correlation with the gold standard
euglycemic-hyper insulinemic clamp test.
In addition, another study suggested that
TYG index can predict the risk of future
DM [25].

In the current study, the mean triglyceride
glucose index in the uncontrolled cases was
9.61+ 0.41 which was statistically
significantly higher as compared with the
cases with controlled diabetes (9.23 £ 0.31)
(p=0.007).

Few studies have shown that TyG-related
markers are positively associated with
cardio metabolic disease, including
coronary artery calcification (CAC) [9].
And in longitudinal study done by Yun et
al., [26] using a large health-screening
cohort, they observed that individuals with
high TyG-related indices are more likely to
experience coronary artery calcification
(CAC) progression. Among these indices,
TyG-WC showed the strongest association
with CAC progression, a marker that
predicts coronary artery disease and patient
prognosis. According to ROC analysis,
TyG-WC was the most reliable predictor of
CAC progression among the parameters
they evaluated. This positive association
between TyG-WC and CAC progression
signifies the adverse cardiovascular
outcomes in individuals with a high TyG-
WC. In the current study, there was no
statistically significant difference in the
TyG-BMI between the uncontrolled DM
patients (303.44+42.92) and controlled DM
patients (290.12+ 39.75) (p=0.361). This
disagreed with Hameed who showed that
the mean TyG-BMI in the uncontrolled
DM patients were statistically significantly
higher (291.93+ 57) as compared with the
controlled diabetic group (276+48)
(p=0.043) [24] In our study, there was
statistically significant positive correlation
found between triglyceride glucose index
and fasting blood glucose, postprandial
blood glucose, HbAlc, triglyceride and
HOMA-IR in all patients. Also, there was
statistically significant positive correlation
between triglyceride waist circumference
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triglyceride BMI and in one side and
triglyceride BMI, body weight, BMI, waist
circumference and triglyceride on other
side.This came in accordance with Hameed
who showed that TyG Index, TyG-BMl,
TyG-WC correlate significantly  with
HbAlc and HOMA-IR in addition TyG
index showed significant correlation with
HDL-C, LDL-C, VLDL-C [24]. Also agree
with Parhofer [27] who showed that TyG
derived indices showed a significant
correlation with HbAlc, IR and a good
AUC, but, the TyG index showed the best
performance. In the current study, the best
cutoff point of TyG index to identify the
uncontrolled T2 DM was >9.2 with 79.49
% sensitivity and 63.64% specificity. The
AUC was 0.766 with statistically
significant predictive ability (p=0.002).
This agreed with Hameed who reported
that TyG index was the most efficient
surrogate marker for identification of
diabetes control, showed that TyG index
had the largest AUC for detection of
diabetic control. (AUC for TYG
index:0.839) [24] also agree with
Timalsina et al., [28] who reported that
TyG value > 9.12 was noted to be optimal
cutoff for predicting poor glycemic control,
with  86.1% sensitivity and 61.5%
specificity. Other proposed cut-of values
from research conducted in Spain were
similar (men: 8.43, women: 8.19), and the
pooled AUC was 0.750 (0.707-0.810) [29].
However, to establish more valid cut-off
values,  further  studies, including
correlation studies between the TyG index
and the gold standard methods for insulin
resistance, are needed. The TyG index has
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