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Relationship Between HbAlc Level and
Triglyceride/HDL Cholesterol Ratio and
Triglyceride Glucose Index in Diabetes Patients

Diyabetik Hastalarda HbA1lc Diizeyi ile Trigliserit/ HDL Kolesterol Orani
ve Trigliserit Glikoz Indeksi Arasindaki Iliski

@ Mustafa Asim Gedikli, @ Betiil Sar1 Kalin, @ Ahmet Aktas

Sivas Cumhuriyet University Faculty of Medicine, Department of Internal Medicine, Sivas, Turkey

Objective: To compare HbATc level with triglyceride/HDL cholesterol
(TG/HDL-C) ratio and triglyceride glucose (TyG) Index and to show its
relationship with HbA1c level.

Method: Our study was carried out retrospectively on patients who
applied to the Department of General Internal Medicine, Sivas Cumhuriyet
University Hospital, Turkey, between January 1, 2015 and January 1, 2020.
The study is a retrospective review of 2,938 patients. HbA1c, triglyceride,
and glucose values of the patients were recorded. TyG index and TG/
HDL-C) ratio were found by calculating. Patients were grouped according
to their HbA1c levels, TyG index and triglyceride/HDL cholesterol ratios.

Results: We found that the TG/HDL-C ratio and the TyG index were
statistically significantly lower as the HbATc level decreased. When we
grouped the patients according to their gender, we found that male
patients had higher HbA1c, higher TyG index and TG/HDL-C ratio than
female patients.

Conclusion: We found a positive correlation between HbATc levels
and TG/HDL-C ratio and TyG index. Considering other studies in the
literature, according to the results of our study, we predict an increased
risk of coronary artery disease and cerebrovascular disease in patients
with poor glycemic control.

Keywords: Diabetes mellitus, triglyceride glucose index, triglyceride/
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Amag: Calismamizdaki amacimiz diyabetik hastalarda HbAlc dizeyini
trigliserit/HDL kolesterol (TG/HDL-C) orani ve trigliserit glikoz (TyG)
indeksi ile karsilastirmak ve HbA1c dizeyi ile iligkisini gostermektir.

Yéntem: Calismamiz 1 Ocak 2015-1 Ocak 2020 tarihleri arasinda Sivas
Cumbhuriyet Universitesi Hastanesi, Genel Dahiliye Anabilim Dali'na
basvuran hastalar Uzerinde retrospektif olarak yapilmistir. Calismaya
2.938 hasta dahil edilmistir. Hastalarin HbATc, trigliserit ve glikoz degerleri
kaydedildi. TyG indeksi ve TG/HDL-C Orani hesaplandi. Hastalar HbAlc
duzeylerine gore gruplara ayrilarak TyG indeksi ve TG/HDL-C oranlari
karsilastirildi,

Bulgular: Hastalardaki HbA1c diizeyi azaldikga TG/HDL-C orani ve TyG
indeksinin istatistiksel olarak anlamli derecede dislk oldugu izlendi.
Hastalari cinsiyetlerine gore grupladigimizda erkek hastalarin HbA1lc, TG/
HDL-K orani ve TyG indeksinin kadin hastalara gore daha ylksek oldugu
gordldu.

Sonug: Calismamizda HbA1lc duzeyleri ile TG/HDL-C orani ve TyG
indeksi arasinda pozitif korelasyon bulduk. Literaturdeki diger ¢alismalar
goz onunde bulundurularak, galismamizin sonuglarina gore glisemik
kontrolU kot olan hastalarda koroner arter hastaligi ve serebrovaskiler
hastalik riskinde artis oldugunu ongoruyoruz.

Anahtar kelimeler: Diabetes mellitus, trigliserit glikoz indeksi, trigliserit/
HDL kolesterol orani
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disease
characterized by high blood sugar levels. It has been
found that there is a decrease in insulin secretion or a
resistance mechanism against insulin in peripheral tissues
in its pathophysiology (1). When the high blood sugar level,
which causes diabetes to occur, does not remain at target
levels, some chronic complications such as retinopathy,
nephropathy, peripheral neuropathy, autonomic neuropathy,
and coronary artery disease (CAD) occur (2).

Hemoglobin Alc (HbAlc) is a marker that shows glucose
tolerance and glucose regulation in diabetes, which is
formed by slow and non-enzymatic glycosylation of
hemoglobin. In laboratory tests, it is presented as the value
obtained by dividing HbAlc into total hemoglobin. Today;,
HbAlcis used in blood sugar regulation in diabetic patients
and in predicting the risk of complications that may occur
due to diabetes (3).

Diabetic dyslipidemia is the most critical risk factor for
DM patients with cardiovascular diseases (CVD). Serum
triglyceride/high-density lipoprotein cholesterol (TG/
HDL-C) ratio, which is accepted as the atherogenic plasma
index, poses the most critical risk for CVD and metabolic
syndrome (4,5). A high TG/HDL-C ratio causes endothelial
dysfunction. The TG/HDL-C ratio is high in patients
with insulin resistance. Therefore, TG/HDL-C ratio can
be considered as a determinant of glycemic control in
obese patients with insulin resistance. When diabetic
patients were compared according to their HbA1C levels,
it was shown that patients with low HbA1C levels had
approximately 3-4 times lower TG/HDL-C ratio. Based on
these previous data, it can be said that high TG/HDL-C
ratio may be closely associated with poor glycemic control
and metabolic syndrome (6).

Triglyceride-glucose index (TyG index) calculated
according to fasting blood glucose (FBG) and triglyceride
(TG) measurements can also be used as an indicator of
insulin resistance (7). The TyG index is calculated as In
[fasting TG (mg/dL) x FBG (mg/dL)/2]. It has been shown
that the TyG index is a better marker in determining the
diabetes risk than FPG and TG measurement in patients
with blood glucose below 100 (8). When patients were
compared according to their HbA1C levels, low HbA1C
levels were found to have a lower TyG index. The lower the
TyG index in individuals, the lower the risk of developing
diabetes. This increase is 2 times higher for men and 4 times
higher for women. All these data conclude that as both TG/
HDL-C ratio and TyG index increase, HbAlc level increases
in diabetic patients (9,10).
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This study aimed to show whether there was a relationship
between HbAlc levels and lipid profiles, TG/HDL-C ratio
and TyG index in diabetic patients.

Materials and Methods
The Type of the Study

Our study was conducted as a single-center and
retrospective.

The Population and the Sample of the Study

The results of a total of 2,938 patients who applied to the
Internal Medicine Outpatient Clinic of Sivas Cumhuriyet
University Medical Faculty Hospital between January 1,
2015 and January 1, 2020 were analyzed and recorded. The
patients included in our study applied to the outpatient
clinic for the first time.

The patients were divided into four groups according to
their HbAlc levels. A healthy control group had HbAlc less
than 6%. Those with HbAlc higher than 6-8%, 8-10%, and
10% were separated as the diabetic patient groups.

Diabetes was diagnosed according to the 75 gram oral
glucose tolerance test (OGTT) results. The patients were
administered 75 g OGTT after 8 hours of fasting. Diabetes
was defined as those with a fasting plasma glucose result of
>126 or a plasma glucose result of 2200 at the 2"¢ hour after
75 g OGTT (11).

Patients younger than 18 years of age, with a history of
malignancy, hemoglobinopathy, lipid-lowering therapy,
pregnancy, and anemia were excluded from the study.

Laboratory Measurements

Blood samples were taken from the antecubital vein after
8 hours of fasting. FBG, HbAlc, creatinine, AST, ALT,
triglyceride, HDL, LDL, and total cholesterol levels were
measured during the biochemical analysis.

The TG/HDL-C ratio was calculated by dividing the serum
concentration of TG by HDL-C. Triglyceride and HDL
results were measured in mg/dL. When calculating the TG/
HDL-C ratio, mg/dL was converted to mmol/L according
to the formula “1 mg/dL=0.0555 mmol/L”. TyG index was
calculated based on the formula Ln [TG (mg/dL) x FG (mg/
dL)/2] according to previous studies.

Statistical Analysis

Statistical comparisons were made using the statistical
software package SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
The Kolmogorov-Smirnov and Kruskal-Wallis tests were
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used to test the fit of the data to the normal distribution. For
both tests, the analyses were continued non-parametrically,
since the data did not fit the normal distribution. The
quantitative variables were expressed as mean + standard
deviation and median (interquartile range: 5" percentile-
75" percentile) while qualitative variables were given as
frequencies and percentages. The significance level was
accepted as 0.05.

Results

Among 2,938 patients included in our study, the number
of men was 1.213 (41.3%), the number of women was
1725 (58.7%), and the mean age was 57.42+13.22 years.
The mean HbAlc was 8.28+2.55 (%); triglyceride average
was 1.99+1.25 (mmol/L); the mean HDL cholesterol was
1.13+0.31 (mmol/L); triglyceride/HDL cholesterol ratio
was 2.02+1.77; the mean triglyceride glucose index was
9.64+9.07 (Table 1).

The average age of 561 patients, including 357 women
(63.6%) and 204 men (36.4%) with HbAlc level below 6
(%), was 52.93+13.8 years; the mean triglyceride was 1.66
0.94 (mmol/L); the mean HDL cholesterol was 1.22+0.34
(mmol/L); triglyceride/HDL cholesterol ratio was 1.55+1.31;
the mean triglyceride glucose index was 4.78+2.94. The
average age of 1.006 patients, including 606 females (60.2%)
and 400 males (39.8%) with HbAlc level between 6 (%)
and 8 (%), was 58.61+12.27 years; the mean triglyceride
value was 1.90+1.10 (mmol/L); the mean HDL cholesterol
was 1.15+0.31 (mmol/L); triglyceride/HDL cholesterol
ratio was 1.87+1.72; the mean triglyceride glucose index

Table 1. Demographic characteristics of the patients

included in the study

Mean
Gender
Male 1,213 (41.3%)
Female 1,725 (58.7%)
Age (year) 57.42+13.22
Fasting blood glucose (mg/dL) 165.14+71.59
Creatinine (mg/dL) 0.92+0.57
AST (mg/dL) 21.37+11.65
ALT (mg/dL) 2416+17.63
HbA1c (%) 8.28+2.55
Triglyceride (mmol/L) 1.99+1.25
HDL cholesterol (mmol/L) 113£0.31
Triglycerid/HDL-cholesterol ratio 2.02+1.77
Triglyceride glucose index 9.6419.07

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, HbA1c:
Hemoglobin Alc, HDL: High-density lipoprotein

was 7.43+5.24. The mean age of 684 patients, including
372 women (54.4%) and 312 men (45.6%) with HbAlc
levels between 8 (%) and 10 (%), was 59.13+13.12 years;
the mean triglyceride was 2.10+1.31 (mmol/L); the mean
HDL cholesterol was 1.09+0.30 (mmol/L); triglyceride/
HDL cholesterol ratio was 2.15+1.67; the mean triglyceride
glucose index was found to be 11.22+8.85. The average age
of 687 patients, including 390 women (56.8%) and 297 men
(43.2%) with HbAlc level above 10 (%), was 57.63+13.37
years; the mean triglyceride was 2.28+1.52 (mmol/L);
the mean HDL cholesterol was 1.05+0.29 (mmol/L);
triglyceride/HDL cholesterol ratio was 2.48+2.13; the mean
triglyceride glucose index was 15.26+12.91 (Table 2).

According to the HbAlc level, the patients were grouped
as those with triglyceride/HDL cholesterol ratio lower
than 6 (%), between 6-8 (%), between 8-10 (%) and over
10 (%) (1.30; 1.50; 1.73, and 1.87, respectively) (p<0.001).
Triglyceride glucose index was 4.07, 6.05, 8.84, and 12.03,
respectively (p<0.001) (Table 3).

When we grouped the patients by gender, the mean age
of 1,725 female patients was 57.48+13.46 years, the mean
HbAlc was 8.15+2.51 (%), the triglyceride average was
1.95+1.15 (mmol/L), the HDL cholesterol average was
1.1940.33 (mmol/L), triglyceride/HDL cholesterol ratio was
1.87+1.65 and the average triglyceride glucose index was
9.23+8.37. The mean age of 1,213 male patients in the study
was 57.34+12.85 years, the mean HbAlc was 8.46+2.60
(%), the triglyceride average was 2.05+1.37 (mmol/L), the
HDL cholesterol average was 1.03+0.27 (mmol/L), the
triglyceride/HDL cholesterol ratio was 2.23+1.92. The mean
triglyceride glucose index was 1.92 and 10.22+9.96 (Table 4).

Discussion

As the main result of our study, when the HbAlc levels
increased in diabetic patients, that is, in patients with
poor glycemic control, both triglyceride glucose index
and triglyceride/HDL cholesterol ratio were found to be
high. However, these relationships should be interpreted
with caution because high triglycerides and a decrease in
HDL cholesterol levels are seen as a characteristic features
of insulin resistance and diabetes. Recent studies show
that low HDL-C levels can exacerbate abnormal glucose
metabolism (12). Triglyceride and HDL cholesterol levels
may be affected by blood sugar regulation in patients with
diabetes, as triglyceride levels and HDL C levels are thought
to change due to insulin resistance (13).
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Table 2. Characteristics of the patients according to HbA1c levels

HbA1c <6

Gender

Male 204 (36.4%)
Female 357 (63.6%)
Age (year) 52,93+13.8
FBG (mg/dL) 102.47+23.98
Creatinine (mg/dL) 0.89+0.67
AST (mg/dL) 20.08+8.72
ALT (mg/dL) 22.47+15,23
Triglyceride (mmol/L) 1.66+0.94
HDL cholesterol (mmol/L) 1.22+0.34
Triglyceride/HDL-cholesterol ratio 1.55+1.31
Triglyceride glucose index 4.78+2.94

6-8 8-10 >10

400 (39.8%) 312 (45.6%) 297 (43.2%)
606 (60.2%) 372 (54.4%) 390 (56.8%)
58.61+12.27 591311312 57.63+13.37
139.39+£44.40 185.79+£58.70 233.44+76.61
0.90£0.50 0.97£0.62 0.91£0.52
20.93+9.86 21.32£11.83 2311£15.24
23.91+15.43 24.63118.43 25.44%21.22
1.90£1.10 210+1.31 2.28%1.52
115£0.31 1.09£0.30 1.05£0.29
1.87£1.72 215%1.67 2.48+213
743+5.24 11.221+8.85 15.261+12.91

FBG: Fasting blood glucose, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, HbAlc: Hemoglobin Alc, HDL: High-density lipoprotein

Table 3. Comparison of triglyceride/HDL cholesterol and triglyceride glucose indices according to HbA1c levels

HbA1c <6 6-8 8-10 >10 p
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
i . . 1.30 1.50 173 1.87 p<0.001
Triglyceride/HDL-cholesterol ratio
0.80-1.92 0.99-2.28 112-2.60 118-2.95
) ] ) 4,07 6.05 8.84 12.03 p<0.001
Triglyceride glucose index
2.86-5.93 4,20-8.97 5.97-13.63 7.56-18.02

HbA1c: Hemoglobin Alc, HDL: High-density lipoprotein, IQR: Interquartile range

Table 4. Examination of patient characteristics according

to gender

Gender Male Female
(n=1,213) (n=1,725)
Age (year) 57.341+12.85 57.48+13.46
FBG (mg/dL) 171.08+74.81 160.95+68.94
Creatinine (mg/dL) 1.04+0.59 0.83+0.54
HbA1c (%) 8.46+2.60 815+2.51
Triglyceride (mmol/L) 2.05+1.37 1.95+115
HDL cholesterol (mmol/L) 1.03+0.27 11910.33
Triglyceride/HDL-cholesterol ratio 2.23+192 1.87+1.65
Triglyceride glucose index 10.22+9.96 9.23+8.37

FBG: Fasting blood glucose, HbAlc: Hemoglobin Alc, HDL: High-density
lipoprotein

Studies have shown that the triglyceride/HDL-C ratio is
associated with cardiovascular risk, mainly associated
with insulin resistance. Finally, they have shown that
triglyceride/HDL-C may be a marker of glycemic control,
especially in patients with type 2 diabetes (14,15). In our
study, the ratio of triglyceride/HDL cholesterol was found
to be higher as the HbAlc level increased, and it was found
to be affected by poor glycemic control. In addition, our
study found that the triglyceride/HDL cholesterol ratio was
higher in male patients than in female patients.
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In a study conducted by da Silva et al. (16), it was shown
to be associated with a higher prevalence of CAD in
patients with a high TyG index, and in this study, they
showed that the TyG index could be used as a marker for
atherosclerosis. Recent studies show that the TyG index is
widely used as a marker of insulin resistance. In the study
conducted by Luo et al. (17), it has been shown that a high
TyG index is associated with an increased risk of cardiac
and cerebrovascular events in patients with ST-elevation
myocardial infarction undergoing percutaneous coronary
intervention. In the study conducted by Shi et al. (18), they
showed an increase in the risk of ischemic stroke parallel to
the increase in the TyG index. In another study conducted
by Zhao et al. (8), they showed that a high TyG index was
significantly associated with a higher risk of microvascular
damage and arterial stiffness.

In the light of previous studies, it was seen that triglyceride/
HDL cholesterol ratio and high TyG index were associated
with increased poor glycemic control, increased risk of
cerebrovascular disease, and increased risk of CAD (19,20).
In our study, we found high triglyceride/HDL cholesterol
and TyG index in patients with poor glycemic control and
high HbAlc levels. And the increase in these rates seems to
increase as the HbAlc level rises.
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Study Limitations

Since our study was planned as a retrospective study, we
only recorded the laboratory values of the patients in the
system, but we could not question and evaluate the patients
in terms of current cardiac risk or cerebrovascular disease
risk.

Conclusion

Triglyceride/HDL cholesterol ratio and TyG index are
associated with insulin resistance, and in our study, we
retrospectively demonstrated a poor glycemic index,
that is, the increase in HbAlc level, and the triglyceride/
HDL cholesterol ratio and TyG index. Further prospective
studies are needed to demonstrate that the TyG index and
triglyceride/HDL cholesterol ratio are associated with
increased risk of cardiac and cerebrovascular disease in
diabetic patients.
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