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ABSTRACT

OBJECTIVE: Our study aimed to examine the function of triglyceride/glucose (TyG) index, TyG-BMI,
HOMA-IR, and conventional lipid ratios in determining IR in women with PCOS and to evaluate whether
the TyG index is a clinical marker for IR.

STUDY DESIGN: A total of 171 individuals with PCOS and 93 control patients who were admitted to our
gynecology clinic between January 2018 and January 2024 were evaluated in this case-control study
retrospectively. BMI, FBG, QUICKI, HOMA-B, HOMA-IR, FSH, LH, TyG-BMI, TyG, LDL-C, HDL-C, TG,
TC, and fasting insulin levels of all patients were retrieved from the hospital database and evaluated ret-
rospectively.

RESULTS: The TyG index was significantly higher (8.35+0.44) in the PCOS group compared to the con-
trol group (8.23+0.36) (p=0.04). The PCOS group had a significantly higher TyG-BMI index
(217.93+46.2) than the control group (199.16142.4) (p=0.026). The PCOS group had a substantially
higher TC/HDL-C ratio (4.52+1.36) than the control group (3.94+1.62) (p=0.016). The PCOS group had
a significantly higher TG/HDL-C ratio (2.75+1.18) than the control group (2.15+1.12) (p=0.008).

CONCLUSION: According to our research, the TyG index and TyG-BMI demonstrated a strong predic-
tive power in identifying impaired insulin sensitivity in female PCOS patients. The TyG index can serve
as a potential surrogate marker for calculating IR in female PCOS patients, as TG and glucose tests are
both commonly performed and cost-effective. Further large-scale prospective and epidemiological stud-
ies are needed to validate these findings.
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(1,2). Ovulatory dysfunction, hyperandrogenism, and poly-
cystic ovarian morphology (PCOM) on ultrasound imaging
are characteristics of PCOS (3). Insulin resistance (IR) and hy-
perandrogenism (HA) are thought to be the main endocrine
characteristics and etiologies of the condition (4). Metabolic
syndrome (MetS) and PCOS have similar characteristics; re-
gardless of body mass index (BMI), the majority of female
PCOS patients (44-85%) have compensatory hyperinsuline-
mia and IR (5). IR and secondary hyperinsulinemia are con-
sidered to be the most crucial components in understanding
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the various PCOS phenotypic traits (6,7). Hepatic steatosis,
type 2 diabetes, dyslipidemia, and MetS are among the co-
morbidities linked to PCOS (8). Assessing IR in female PCOS
patients is crucial. On the other hand, opinions about the best
way to assess IR are divided (9). The hyperinsulinemic-eug-
lycemic clamp (HIEC), the gold standard for measuring in-
sulin resistance, is currently only appropriate for scientific
studies and is challenging to implement broadly in clinical
practice because of its costly and time-consuming nature (10).
Thus, surrogate indicators including the fasting glucose/in-
sulin ratio (FG-IR), the quantitative insulin sensitivity check
index, and the homeostasis model assessment for insulin re-
sistance (HOMA-IR) have emerged to present estimation re-
garding IR (11). Clearance of triglyceride (TG) rich lipopro-
teins from plasma is delayed in IR states, resulting in hyper-
triglyceridemia. According to reports, there is a substantial
correlation between Total cholesterol (TC)/high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and conventional lipid ratios of TG and
IR (determined using HOMA-IR) in PCOS patients (12). Prior
research indicated a strong correlation between IR and the
triglyceride/high-density lipoprotein cholesterol (TG/HDL-C)
ratio and the fasting triglyceride/glucose (TyG) index.
Furthermore, some research has linked the TC/HDL-C ratio to
the risk of IR and cardiovascular disease (13,14). When deter-
mining IR in non-diabetic people, TyG-BMI, which incorpo-
rates BMI, may be a straightforward and useful substitute
(15). There are few studies examining the relationship be-
tween the TyG index and PCOS. Our study aimed to examine
the function of the TyG index, TyG-BMI, HOMA-IR, and
conventional lipid ratios in determining IR in women with
PCOS and to evaluate whether the TyG index is a clinical
marker for IR.

Material and Method

The present study had a retrospective observational case-
control design. The investigation was designed in line with the
Declaration of Helsinki Principles. The patients were asked to
sign informed consent papers. This study began once our hos-
pital's ethics committee gave its approval (Date: 27/11/2024,
Number: 2024/354). The study included 171 patients who
were admitted to our gynecology clinic between January 2018
and January 2024 and diagnosed as having PCOS and 93 con-
trol patients. All patients’ PCOS were newly diagnosed, and
no treatment had been given for PCOS. The 2003 Rotterdam
criteria, which needed at least 2 of the following three factors-
polycystic ovaries, clinical and/or biochemical evidence of
hyperandrogenism, and oligo-ovulation and/or anovulation-
were used to diagnose the patients. After ruling out alternative
causes of hyperandrogenemia or ovulatory dysfunction, in-
cluding Cushing syndrome, hyperprolactinemia, thyroid ill-
ness, androgen-secreting tumors, congenital adrenal hyperpla-
sia, and 21-hydroxylase deficiency, PCOS was confirmed
(16). Participants of the control group were required to have
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regular menstrual cycles and normal ovarian morphology on
transvaginal ultrasound examination and not to have clinical
signs of hyperandrogenemia, including seborrhea, alopecia,
acne, or hirsutism.

The exclusion criteria were patients taking antilipidemic
drugs, antihypertensive drugs, weight loss, and hormonal
drugs, those with hypertension, endocrine disorders or cardio-
vascular disease, and pregnant females. BMI, LDL-C, HDL-C,
TC, TG, TyG, TyG-BMI, luteinizing hormone (LH), follicle-
stimulating hormone (FSH), HOMA-IR, homeostasis model
assessment for B-cell function (HOMA-f), QUICKI, fasting
blood glucose (FBG) and fasting insulin levels of all partici-
pants were retrospectively evaluated in the hospital database.
HOMA-IR was determined as glucose value (mg/dL) xinsulin
value (LWU/mL)/405. HOMA-B was found as [20xfasting in-
sulin (mIU/L)]/[fasting glucose (mmol/L)-3.5]. IR was defined
as HOMA-IR value > 2.5 (17). QUICKI was determined as 1/
(log [insulin value (WU/mL)] +log [glucose value (mg/dL)])
(17). TyG index was determined using the following formula:
fasting triglyceride [mg/dL] xfasting glucose level [mg/dL]/2.
TyG-BMI was calculated by the TyG index x BMI method.
FG-IR was found with fasting glucose (mg/dL)/fasting insulin
(uU/mL). TG/HDL-C was determined wusing TG
(mg/dL)/HDL-C (mg/dL), and TC/ HDL-C indices were deter-
mined using TC (mg/dL)/ HDL-C (mg/dL) calculations.

Statistical analysis

The statistical program SPSS version 26.0 (IBM Inc.,
Chicago, IL, USA) was utilized for the statistical analysis. The
Kolmogorov-Smirnov test was used to assess the distribution's
normality. The mean+standard deviation was utilized to rep-
resent normal variables. All patient quantitative data is dis-
played as median (minimum-maximum). The Mann-Whitney
U test or the student t-test was chosen to compare group dif-
ferences. The Mann-Whitney U test was used for the assess-
ment of parameters that were not regularly distributed. A 95%
confidence interval (CI) was chosen for the result analysis. A
p-value of less than 0.05 was deemed statistically significant.

Results

The BMI value was significantly higher in the PCOS
group in comparison with the control group (p=0.039). The
gravidity value was significantly lower in the PCOS group in
comparison with the control group (p=0.022). The parity
value was significantly lower in the PCOS group compared
with the control group (p=0.026) (Table I).

The LH value was significantly higher (9.16+7.24
mlIU/mL) in the PCOS group in comparison with the control
group (5.72+1.96 mIU/mL) (p<0.001). The TC value was sig-
nificantly higher (198.3+42.64 mg/dL) in the PCOS group in
comparison with the control group (184.45+34.6 mg/dL) (p=
0.039). The TG value was significantly higher (121.44+61.36
mg/dL) in the PCOS group in comparison with the control
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Table I: Comparison of demographic and obstetric data according to the presence of PCOS

PCOS (n=171) Control (n=93) p
median (min-max)
Age (years) 31 (19 - 40) 31 (18 -42) 0.48
BMI (kg/m?) 26.1 (19.1 - 36.7) 242 (18.6 - 34.2) 0.039
Smoking, n (%) 18 (10.5%) 11 (11.8%) 0.31
Alcohol, n (%) 10 (5.8%) 6 (6.4%) 0.37
Gravidity 1.4 (1-3) 1.9(1-4) 0.022
Parity 1.2 (1-3) 1.7(1-4) 0.026

PCOS: Polycystic ovary syndrome, BMI: Body mass index

group (99.444+46.74) (p=0.034). The TC/HDL-C ratio was sig-
nificantly higher (4.52+1.36) in the PCOS group in comparison
with the control group (3.94+1.62) (p=0.016). The TG/HDL-C
ratio was significantly higher (2.75£1.18) in the PCOS group
in comparison with the control group (2.15%1.12) (p=0.008).
The LDL-C value was significantly higher (129.22+24.4
mg/dL) in the PCOS group in comparison with the control
group (117.72+21.72 mg/dL) (p=0.002). The LDL-C/HDL-C
ratio was significantly higher (2.93+1.19) in the PCOS group
in comparison with the control group (2.54£1.13) (p=0.012).
The TyG index was significantly higher (8.35+0.44) in the
PCOS group in comparison with the control group (8.23+0.36)
(p=0.04). The TyG-BMI index was significantly higher
(217.934£46.2) in the PCOS group in comparison with the con-
trol group (199.164+42.4) (p=0.026) (Table II).

The FBG value was significantly higher (92.2+14.16
mg/dL) in the PCOS group in comparison with the control
group (90.1£12.64 mg/dL) (p=0.042). The fasting insulin
value was significantly higher (11.1£8.64 mIU/L) in the
PCOS group in comparison with the control group (8.35+6.74
mlIU/L) (p<0.001). The FG-IR ratio was significantly lower
(8.36+3.28) in the PCOS group in comparison with the control
group (10.784+4.12) (p<0.001). The HOMA-IR value was sig-
nificantly higher (2.52+1.12) in the PCOS group in compari-
son with the control group (1.85+1.02) (p<0.001). The
QUICKI value was significantly lower (0.3324+0.016) in the
PCOS group in comparison with the control group
(0.347+0.018) (p<0.001). The HOMA-B value was signifi-
cantly higher (137.8+£22.6) in the PCOS group in comparison
with the control group (112.1£10.4) (p=0.022) (Table III).

Table II: Comparison of lipid parameters according to the presence of PCOS

PCOS (n=171) Control (n=93) p
mean * SD
FSH (mlU/mL) 6.68 £ 2.19 6.54 + 2.06 0.58
LH (mlU/mL) 9.16 £ 7.24 5.72 £ 1.96 <0.001
TC (mg/dL) 198.3 £ 42.64 184.45 + 34.6 0.039
TG (mg/dL) 121.44 + 61.36 99.44 + 46.74 0.034
TC/HDL-C 452 +1.36 3.94 +£1.62 0.016
TG/HDL-C 275+1.18 215+1.12 0.008
HDL-C (mg/dL) 4454 + 16.8 46.84 + 16.88 0.38
LDL-C (mg/dL) 129.22 + 24 .4 117.72 £ 21.72 0.002
LDL-C/HDL-C 293 +1.19 254 +1.13 0.012
TyG 8.35+ 0.44 8.23 £ 0.36 0.04
TyG-BMI 217.93 +46.2 199.16 + 42.4 0.026

PCOS: Polycystic ovary syndrome, FSH: Follicle stimulating hormone, LH: Luteinizing hormone, TC: Total cholesterol, TG: Triglyceride, HDL: High-
density lipoprotein, LDL: Low-density lipoprotein, TyG: Triglyceride glucose, TyG-BMI: Triglyceride glucose-body mass index

Table llI: Comparison of glucose parameters according to the presence of PCOS

PCOS (n=171) Control (n=93) o]
mean * SD
FBG (mg/dL) 92.2 +14.16 90.1 + 12.64 0.042
Fasting insulin (mIU/L) 11.1 + 8.64 8.35+6.74 <0.001
FG-IR 8.36 + 3.28 10.78 £ 4.12 <0.001
HOMA-IR 252+1.12 1.85+1.02 <0.001
QUICKI 0.332 £ 0.016 0.347 £ 0.018 <0.001
HOMA-B 137.8 £ 22.6 112.1 £ 104 0.022

PCOS: Polycystic ovary syndrome, FBG: Fasting blood glucose, FG-IR: Fasting glucose-to-insulin ratio, HOMA-IR: Homeostatic model assessment,

QUICKI: Quantitative insulin sensitivity check index, HOMA-B: B-cell function
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Discussion

Despite the numerous investigations in the literature on
PCOS, uncertainty about its pathophysiology remains. IR has
a major part in the pathophysiology and complications of
PCOS, causing hyperandrogenism and reproductive disorders
due to compensatory hyperinsulinemia (18). IR may be a sig-
nificant risk element for PCOS and is an important element in
the management of disease (19). In our study, the traditional
markers and new and potential biomarkers used to evaluate IR
in females in the PCOS group were significantly higher com-
pared to the control group. When participants having PCOS
were compared with the control group, TC, TyG-BMI, TyG,
LDL-C/HDL-C, LDL-C, TG/HDL-C, TC/HDL-C, TG,
HOMA-B, HOMA-IR levels were higher, and FG-IR and
QUICKI scores were lower.

When evaluating IR, the HIEC test is regarded as the gold
standard. Nevertheless, the test has limited use in research
settings and is considered a complex and time-consuming
method (20). However, there are different approaches to IR
assessment, using markers obtained from faster and less
costly biochemical measurements (21). Indirect and direct
techniques for IR assessment (HOMA-IR, FG-IR, and
QUICKI) are generally complex methods and have the disad-
vantages of being expensive and unsuitable for epidemiolog-
ical studies (18). Various IR biomarkers, including QUICKI,
TGC/HDL, and HOMA-IR have been used with varying
characteristics and sensitivities (22,23). IR is essential to the
pathophysiology of MetS; however, it is not a key element in
the diagnosis (24).

According to some research, the prevalence of dyslipi-
demia in individuals with PCOS has been revealed as 41.3-
53.1% (25-27). The American Diabetes Association does not
recommend screening the general public or high-risk groups
for IR (28). Criteria have been developed to define MetS, a di-
agnostic phrase that encompasses conditions including dys-
lipidemia, fasting hyperglycemia, hypertension, and obesity
that are closely linked to IR (29). There is an increasing de-
mand for other methods to assess IR in females with PCOS.

In the current research, we evaluated the applicability of
the TyG index and associated lipid parameters as a surrogate
marker to determine insulin sensitivity/resistance in females
having PCOS. According to studies in literature, serum
lipoprotein ratios (TG/HDL-C, TC/HDL-C, and LDL-
C/HDL-C) may be regarded as a straightforward and trust-
worthy indication in identifying IR and have a substantial pos-
itive link with IR in patients with type 2 diabetes (30). The
HOMA-IR of PCOS patients was shown to be considerably
higher than that of age-matched healthy females in the re-
search by Xiang et al., indicating that IR is a key element in
the pathophysiology of PCOS (18). TG/HDL-C, TC/HDL-C,
and LDL-C/HDL-C levels in PCOS patients were consider-
ably greater than in healthy females in the same age group, ac-
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cording to research by Xiang et al. (18). These values also
showed a strong positive connection with HOMA-IR.

Few research has looked at the TyG index's predictive ca-
pacity for IR in females with PCOS, even though several stud-
ies in the literature have demonstrated the index's viability in
predicting IR (31,32). According to the Yang et al. study, the
TyG index, which highlighted the critical role of IR in the de-
velopment of MetS in females having PCOS, may be a novel
method of identifying metabolic problems early (33). In addi-
tion, in the study by Kheirollahi et al., when HOMA-IR was
taken as a reference, it was revealed that the AUC levels of the
TyG index were higher than those of lipid ratios like
TG/HDL-C (34).

The literature has little information about the application
of TyG and TyG-BMI markers for PCOS diagnosis (10).
Current findings in the literature emphasize the potential ben-
efit of biochemical parameters associated with serum TG lev-
els, including TyG and TyG-BMI, in forecasting IR in fe-
males having PCOS (35). TyG-BMI and TyG indices, which
are biomarkers associated with elevated serum TG, are asso-
ciated with IR in many studies in the literature (36,37). Zheng
et al. demonstrated that the TyG index was significantly as-
sociated with HOMA-IR and QUICKI in Chinese females
with PCOS (32). Du et al.'s extensive cross-sectional study of
Chinese individuals likewise revealed that the TyG index was
the most effective indication for determining the risk of IR
and that the TG/HDL-C ratio and the TyG index were both
helpful indicators for predicting IR (38). In the study con-
ducted by Yilmaz Ergani et al., it was revealed that a high
TyG index detected in the first trimester can predict GDM
and a high TG/HDL-C ratio in the first trimester can also pre-
dict GDM (39). In females with PCOS, Bilginer et al. dis-
covered a significant positive connection between the TyG
index and HOMA-IR (40). In our study, consistent with the
literature, TyG, and TyG-BMI parameters were found to be
significantly higher in participants having PCOS than in the
control group.

This current research has some limitations. The retrospec-
tive design and small sample size of our research may have led
to difficulties in obtaining the optimum sample size, which
may affect the representativeness of the participants. The
comparison of all hormonal and metabolic parameters, the
presentation of comprehensive data on what the possible
markers in PCOS screening may be and to what extent these
markers can be decisive, and the provision of a broad per-
spective can be shown as the strengths of the study.

Conclusion

IR has an important role in the pathogenesis of PCOS. In
addition, dyslipidemia is a common metabolic disorder among
females with PCOS. Our study showed that the TyG index and
TyG-BMI exhibited strong predictive ability in determining
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abnormal insulin sensitivity in females with PCOS. These in-
dexes are valuable indicators for estimating IR, partly because
they are easily accessible analytically and financially in all
clinical laboratories. The TyG index can be employed as a po-
tential surrogate measure for calculating IR in female PCOS
patients because blood TG and glucose tests are both fre-
quently conducted and reasonably priced. To validate these
findings, further extensive prospective and epidemiologic re-
search is required.
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