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Objective
We aimed to evaluate whether triglyceride and glucose (TyG) indices are useful in identifying insulin sensitivity/
resistance in women with polycystic ovary syndrome (PCOS).

Methods

One hundred and seventy-two Korean women aged 18-35 years who were diagnosed with PCOS were included in
this study. Fasting-state insulin sensitivity assessment indices (ISAls) derived from a combination of fasting insulin
and glucose levels were calculated for all study participants, and abnormal insulin sensitivity was defined as any
of the evaluated ISAls being out of the established normal range. Correlation analysis was conducted to assess the
relationship between the TyG index and other clinical and biochemical parameters. Receiver operating characteristic
(ROQ) curve analysis was used to determine the optimal cutoff value of the TyG index for identifying abnormal insulin
sensitivity, and unpaired t-tests were used to compare biochemical parameters between individuals with a TyG index
below the cutoff and individuals with a TyG index above the cutoff value.

Results

All clinical parameters, except age and other insulin resistance-related biochemical parameters, were significantly
related to the TyG index. The ROC curve analysis revealed an optimal TyG cutoff value of 8.126 (sensitivity, 0.807;
specificity, 0.683) for identifying abnormal insulin sensitivity. In the comparative analysis, all ISAls and parameters
derived from the lipid profiles differed significantly between the TyG groups.

Conclusion
The TyG index is a feasible surrogate marker for predicting insulin sensitivity/resistance in women with PCOS.
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Introduction decrease in insulin sensitivity indicates an increase in insulin

Polycystic ovary syndrome (PCOS) is characterized not only by
anovulation and hyperandrogenism but also by its high as-
sociation with chronic diseases such as metabolic syndrome,
type 2 diabetes (T2DM), and cardiovascular disease [1,2].
Insulin resistance and the resulting hyperinsulinemia are the
most important pathophysiological factors that explain the
various phenotypic features of PCOS [1-7]. Although it is
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important to evaluate insulin resistance in women diagnosed
with PCOS, there has been no consensus on the optimal
method for assessing insulin resistance to date [8].

Insulin sensitivity is the opposite of insulin resistance. A

www.ogscience.org

Articles published in Obstet Gynecol Sci are open-access, distributed under the terms of
the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Copyright © 2023 Korean Society of Obstetrics and Gynecology

307


http://crossmark.crossref.org/dialog/?doi=10.5468/ogs.23103&domain=pdf&date_stamp=2023-07-15

Obstetrics & Gynecology Science
Vol. 66, No. 4, 2023

resistance [8]. Therefore, evaluating insulin sensitivity may
be another option for diagnosing insulin resistance. To date,
the hyperinsulinemic-euglycemic clamp is regarded as the
gold standard for assessing insulin sensitivity/resistance [1,8].
However, owing to various limitations such as cost, time-con-
suming nature, intensive labor, and the need for an experi-
enced operator to manage technical difficulties, this method
can only be used for research purposes and is practically
impossible to apply in clinical settings [8]. Therefore, in gen-
eral observational or epidemiological studies, fasting insulin
levels and various insulin sensitivity assessment indices (ISAls)
derived from glucose and fasting insulin concentrations, in-
cluding the glucose-to-insulin ratio (GIR), homeostatic model
assessment of insulin resistance (HOMA-IR), and quantitative
insulin sensitivity check index (QUICKI), have been used as
indicators to evaluate insulin sensitivity/resistance [1,5,8,9].
However, blood insulin testing is not a commonly performed
test due to its high cost and the lack of availability in some
undeveloped countries [10]. To date, none of the global clini-
cal guidelines for women with PCOS have mentioned that
blood insulin measurement is essential in patients with PCOS,
although they have mentioned the need for a blood glucose
test, hemoglobin A1C test, or even an oral glucose tolerance
test (OGTT) to evaluate blood glycemic status in patients
with PCOS [11,12]. Specifically, glucose tolerance and insulin
sensitivity are not equivalent, indicating that the OGTT can-
not entirely replace blood insulin testing. Therefore, there is
a need for an assessment tool to evaluate insulin resistance
that can replace blood insulin testing in women with PCOS.

Dyslipidemia, defined as an increase in total cholesterol
(TC) and low-density lipoprotein cholesterol (LDL-C), an in-
crease in triglycerides (TG), and a decrease in high-density
lipoprotein cholesterol (HDL-C), is a common clinical feature
in women with insulin resistance [1,3,5,10]. In particular, low
HDL-C and high TG levels are critical features included in the
diagnostic criteria for metabolic syndrome, also known as
insulin resistance syndrome [13]. Various parameters based
on blood lipid profile levels (especially TG levels), such as the
TG/HDL-C ratio, have been known to be useful markers for
predicting insulin resistance [10,14,15].

Recently, the triglyceride and glucose (TyG) index has been
recommended as a very useful index that can replace insulin
testing in evaluating insulin resistance because various stud-
ies have demonstrated the usefulness of this index for evalu-
ating insulin resistance [10,14-21]. Although several studies
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have identified other TG-based markers as indicators for
assessing insulin resistance in women with PCOS [15,22-25],
studies on the feasibility of the TyG index for predicting insu-
lin resistance in women with PCOS are still lacking.

In this study, we aimed to evaluate whether the TyG index
is a useful surrogate marker for identifying insulin sensitivity/
resistance in women with PCOS.

Materials and methods

1. Participants

Korean women aged 18-35 who were newly diagnosed with
PCOS between January 2010 and December 2013 were
recruited. Among all patients diagnosed with PCOS based
on the 2003 Rotterdam criteria, those who met the recently
revised diagnostic criteria in the International consensus
guidelines for PCOS were enrolled in this study [12,26]. The
exclusion criteria were as follows: patients who were previ-
ously diagnosed with diabetes, thyroid disease, or hyperp-
rolactinemia; those with a history of ovarian surgery; medi-
cation use known to affect sex hormones or gonadotropin
levels within 6 months of enroliment in the study (e.g., oral
contraceptives, ovulation induction agents, glucocorticoids,
or antiandrogens); and those taking antidiabetic drugs, in-
cluding insulin sensitizers [27-31]. This retrospective study
was approved by the Institutional Review Board of the Inje
University Haeundae Paik Hospital (IRB No. 129792-2014-
035), which waived the requirement for informed patient
consent in the present study. Finally, 172 PCOS patients were
enrolled in this study.

2. Measurement of anthropometric parameters and
ultrasound examinations

Clinical variables were evaluated in all study patients when
they first visited the outpatient department. Pelvic ultrasound
examinations (transvaginal or transrectal) were conducted in
the early follicular phase using Voluson LOGIQ S7 (GE Ultra-
sound Korea, Ltd., Seongnam, Korea) equipped with a mi-
croconvex intracavitary probe with a frequency range of 3.6-
9.0 MHz. Polycystic ovaries was defined as the presence of
>20 follicles (2-9 mm in size) and/or an ovarian volume >10
mL [12,26]. All ultrasound examinations were performed by
the same ultrasound expert in reproductive endocrinology
based on the international consensus on ultrasound assess-
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ment of PCOS [32].

3. Biochemical measurements and determination of
abnormal glucose tolerance

Blood samples for biochemical analyses were obtained from
all subjects in the early follicular phase after overnight fast-
ing, according to the guidelines of the Declaration of Helsin-
ki. Serum glucose and insulin levels were analyzed using an
L-Type Glul device (Wako, Osaka, Japan) and Elecsys Insulin
assay (Roche), respectively. TC and TG levels were measured
using Pureauto S (Sekisui, Tokyo, Japan) and serum HDL-C
and LDL-C levels were measured using Cholestest (Sekisui).
Both the intra- and inter-assay coefficients of variation for all
tests were <5%.

Established fasting ISAls derived from a combination of
fasting insulin and glucose levels were calculated in all study
participants as follows [27-31]: HOMA-IR was calculated as
glucose value (mg/dL)xinsulin value (pU/mL)/405; GIR was
calculated by dividing the glucose value (mg/dL) by the insu-
lin value (uU/mL); and QUICKI was calculated as 1/(log [insulin
value (uU/mL)]+log [glucose value (mg/dL)]). Patients with
PCOS showing abnormal levels for at least one of the estab-
lished ISAI criteria in previous studies conducted on Asian
women were defined as having abnormal insulin sensitiv-
ity: fasting insulin >15 pU/mL [33], HOMA-IR >2.64 [9], GIR
<10.7 or QUICKI <0.34 [34].

The TG/HDL-C ratio was calculated by dividing the triglyc-
eride level (mg/dL) by the HDL-C level (mg/dL). The TyG index
was determined using the following formula: In (fasting tri-
glyceride [mg/dL]xfasting glucose level [mg/dL]/2) [10-19].

4. Statistical analyses

Values are expressed as the meanzstandard deviation. Cor-
relation analysis was conducted to assess the association be-
tween the TyG index and other clinical and biochemical pa-
rameters using Spearman’s rank correlation coefficients and
linear regression analysis, with partial correlations used to
control for the effects of other confounding anthropometric
factors. Data from all study participants were used to identify
the optimal cutoff value of the TyG index for identifying ab-
normal insulin sensitivity based on receiver operating charac-
teristic (ROC) curve analysis, and the optimal cutoff value of
the TyG index for identifying abnormal insulin sensitivity was
defined as the threshold value at which the sum of sensitivity
and specificity was maximized. Unpaired t-tests were used to
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compare the clinical and biochemical parameters between
the two groups categorized according to the TyG index cut-
off value. All statistical analyses were conducted using IBM
SPSS Statistics (version 25.0; IBM Corp., Armonk, NY, USA),
with P<0.05 considered statistically significant.

Results

Table 1 shows the baseline clinical and laboratory biochemi-
cal parameters of study participants.

In the correlation analysis, all clinical parameters except
age and all insulin resistance-related biochemical parameters
were significantly associated with the TyG index P-values of
less than 0.01 (Table 2). In particular, strong associations of
the TyG index with HOMA-IR (r=0.524) and QUICKI (r=-0.523)
were found, as shown in Fig. 1. These results did not change
after adjusting for other anthropometric covariates, such as

Table 1. Baseline clinical and laboratory characteristics of study
participants

Characteristic Participants (n=172)

Age (yr) 25.98+5.15
Parity 0.15+0.47
Height (cm) 161.89+5.56
Body weight (kg) 58.73+14.78
Body mass index (kg/m?) 22.36+5.29
Waist to hip ratio 0.79+0.07
Cholesterol (mg/dL) 177.27+30.99
Triglyceride (mg/dL) 92.40+73.15
HDL-C (mg/dL) 59.81+15.76
LDL-C (mg/dL) 101.40+28.35
TG index 8.12+0.61
TG-HDL ratio 1.82+2.18
Fasting glucose (mg/dL) 90.33+6.94
Fasting insulin (uU/mL) 9.98+9.20
HOMA-IR (fasting) 2.28+2.21
GIR (fasting) 15.41+£10.40
QUICKI (fasting) 0.36+0.04

Values are presented as meanzstandard deviation.

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density li-
poprotein cholesterol; TyG index, triglyceride and glucose index; TG-
HDL, triglyceride to high-density lipoprotein cholesterol; HOMA-IR,
homeostasis model assessment of insulin resistance; GIR, glucose to
insulin ratio; QUICKI, quantitative insulin sensitivity check index.
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body mass index (BMI) and waist-hip ratio (WHR), although
the strength of the existing correlations was somewhat re-

Table 2. Correlations between triglyceride and glucose index and
insulin resistance-related clinical and biochemical parameters in
women with polycystic ovary syndrome

TyG index
r P

Age 0.138 0.074

Body mass index 0.471 <0.001?
Waist-to-hip ratio 0.442 <0.001?
Cholesterol (mg/dL) 0.347 <0.001?
Triglyceride (mg/dL) 0.991 <0.001?
HDL-C (mg/dL) -0.405 <0.001?
LDL-C (mg/dL) 0.384 <0.001?
TG-HDL ratio 0.936 <0.001?
Fasting glucose (mg/dL) 0.349 <0.001?
Fasting insulin (uU/mL) 0.516 <0.001°7
HOMA-IR (fasting) 0.524 <0.001?
GIR (fasting) -0.501 <0.001?
QUICKI (fasting) -0.523 <0.001?

r=Spearman rank correlation coefficient.

TG index, triglyceride and glucose index; HDL-C, high-density lipo-
protein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG-
HDL, triglyceride to high-density lipoprotein cholesterol; HOMA-IR,
homeostasis model assessment of insulin resistance; GIR, glucose to
insulin ratio; QUICKI, quantitative insulin sensitivity check index.
9P<0.05.
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duced after adjusting for these covariates (Table 3).

ROC curve analysis revealed an optimal TyG cutoff of 8.126
(sensitivity, 0.807; specificity, 0.683) for identifying abnormal
insulin sensitivity (Fig. 2).

All patients were divided into two groups according to the
TyG index cutoff values: group 1 (TyG index <8.126) and
group 2 (TyG index >8.126) (Table 4). Comparative analysis
using unpaired t-tests showed that all ISAls and parameters
derived from lipid profiles were significantly different be-
tween the two groups.

Discussion

Insulin resistance plays a central role in the pathophysiology
and development of long-term complications in patients with
PCOS. Insulin sensitivity is the opposite of insulin resistance.
In addition to the dynamic euglycemic clamp method, which
is considered the gold standard method for evaluating insu-
lin sensitivity, various ISAls derived from fasting insulin levels
have been used to evaluate the status of insulin sensitivity/
resistance in women with PCOS [1,8,10]. However, insulin
testing is expensive and complicated, is not available in some
undeveloped countries, and these methods are not regarded
as essential diagnostic and screening tools for women with
PCOS [11,12,26]. Furthermore, the American Diabetes Asso-
ciation recommends against screening for insulin resistance
in both the general population and high-risk populations [35];
instead, criteria have been developed for defining metabolic

0.500

r=-0.523
P-value <0.001

0.450

0.400 —

0.350

0.300

0.250 T T T
6,000 7,000 8,000 9,000
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Fig. 1. Correlations between triglyceride and glucose index and insulin sensitivity assessment indices in women with polycystic ovary
syndrome. (A) HOMA-IR. (B) QUICKI. HOMA-IR, homeostasis model assessment of insulin resistance; TyG index, triglyceride and glucose

index; QUICKI, quantitative insulin sensitivity check index.
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Table 3. Correlations between triglyceride and glucose index and insulin resistance-related biochemical parameters after adjustment for

confounding factors in women with polycystic ovary syndrome

TyG index

r P-value r P-value
Cholesterol (mg/dL) 0.347 <0.001? 0.278 0.001¢
Triglyceride (mg/dL) 0.854 <0.001? 0.866 <0.001?
HDL-C (mg/dL) -0.292 <0.001¢ -0.319 <0.001¢
LDL-C (mg/dL) 0.279 <0.001¢ 0.251 0.003¢
TG-HDL ratio 0.730 <0.001? 0.706 <0.001?
Fasting glucose (mg/dL) 0.250 0.001¢ 0.260 0.002¢
Fasting insulin (uU/mL) 0.316 <0.001¢ 0.330 <0.001?
HOMA-IR (fasting) 0315 <0.001? 0.328 <0.001?
GIR (fasting) -0.238 0.003? -0.273 0.001¢
QUICKI (fasting) -0.348 <0.001¢ -0.371 <0.001¢

TyG index, triglyceride and glucose index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG-HDL, tri-
glyceride to high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; GIR, glucose to insulin ratio;

QUICKI, quantitative insulin sensitivity check index.

“r=Partial correlation coefficient adjusted by body mass index.
Yr=Partial correlation coefficient adjusted by waist-to-hip ratio.
9P<0.05.
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Fig. 2. Receiver operating characteristic curve analysis to assess
the predictive capability of triglyceride and glucose index for ab-
normal insulin sensitivity/resistance in women with polycystic ovary
syndrome. AUC, area under the receiver operating characteristic
curve.

syndrome, a diagnostic term that includes components
closely related to insulin resistance such as centripetal obe-
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sity, hypertension, fasting hyperglycemia, and dyslipidemia
[13,26,35,36]. Therefore, there is an increasing demand for
another method to replace the fasting insulin test for evalu-
ating insulin resistance in women with PCOS. The purpose of
the present study was to evaluate the feasibility of the TyG
index as a surrogate marker for identifying insulin sensitivity/
resistance in women with PCOS and to show that the TyG
index is a reliable surrogate marker for identifying abnormal
insulin sensitivity in patients with PCOS. In the present study,
all ISAls were significantly correlated with the TyG index, and
these significant correlations did not change even after ad-
justing for BMI and WHR.

Dyslipidemia, particularly decreased blood HDL-C and in-
creased blood TG levels, is a common and typical feature in
women with insulin resistance and is included in the diagnos-
tic criteria for insulin resistance syndrome (i.e., metabolic syn-
drome) [13]. Various studies have demonstrated that param-
eters based on lipid profile levels, such as TG and HDL levels,
and various ratio parameters derived from lipid profiles, such
as TG/HDL-C and LDL-C/HDL-C levels, are good surrogate
markers for predicting insulin resistance [10,15,18,22-25,37].
Some studies have reported that these lipid profile markers
are useful for predicting insulin resistance in women with
PCOS [15,22-24,37].
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Table 4. Comparison of fasting state insulin resistance-related metabolic parameters between the two groups divided according to the
cutoff value of triglyceride and glucose index in women with polycystic ovary syndrome

Group 1 (n=85) Group 2 (n=87) P-value
TyG index 7.65+0.34 8.59+0.43 <0.001?
TG-HDL ratio 0.80+0.30 2.70£2.50 <0.001?
Cholesterol (mg/dL) 169.95+27.52 184.24+33.07 0.003?
Triglyceride (mg/dL) 49.94+14.41 130.39+80.61 <0.001°
HDL-C (mg/dL) 65.77+15.68 54.44+13.71 <0.001°
LDL-C (mg/dL) 93.00+25.68 109.26+29.12 <0.001°
Fasting glucose (mg/dL) 88.39+7.12 92.19+6.30 <0.001?
Fasting insulin (uU/mL) 5.79+3.22 14.27£11.18 <0.001?
HOMA-IR (fasting) 1.29+0.82 3.30+2.69 <0.001?
GIR (fasting) 19.85+10.66 10.86+7.91 <0.001?
QUICKI (fasting) 0.38+0.04 0.34+0.04 <0.001?

Values are presented as meanzstandard deviation.
P-value was obtained using an unpaired t-test.

TyG index, triglyceride and glucose index; TG-HDL, triglyceride to high-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol; LDL-C, low-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; GIR, glucose to insulin ratio;

QUICKI, quantitative insulin sensitivity check index.
?P<0.05.

Recently, the TyG index has been highlighted as a promis-
ing surrogate marker to replace the blood insulin test for
evaluating insulin resistance. When compared to traditional
lipid ratio parameters, such as TC/HDL-C, HDL-C/HDL-C,
LDL-C/HDL-C, and TG/HDL-C levels, the TyG index was
shown to have a stronger association with HOMA-IR [21].
Guerrero-Romero et al. [20] compared the TyG index with
the hyperinsulinemic-euglycemic clamp test, and the results
showed that the Pearson correlation coefficient between the
TyG index and the total glucose metabolism rate using the
dynamic euglycemic clamp method was -0.681, suggest-
ing that the TyG index could be useful for the identification
of subjects with decreased insulin sensitivity. According to
a systematic review using the hyperinsulinemic-euglycemic
clamp method and HOMA-IR as reference tests, the TyG
index showed the highest achieved sensitivity of 96% and
the highest specificity of 99% [18]. The TyG index has been
demonstrated to be associated with the risk of T2DM and
metabolic syndrome [16,38].

Although several studies have demonstrated the feasibility
of the TyG index for predicting insulin resistance, only a few
have examined its predictive capability of the TyG index for
insulin resistance in women with PCOS [36,38,39]. Accord-
ing to Zheng et al. [39], the TyG index was significantly corre-
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lated with HOMA-IR (r=0.515; P<0.01) and QUICKI (r=-0.532)
in Chinese women with PCOS. ROC analysis for predicting
insulin resistance defined by HOMA-IR showed that the area
under the receiver operating characteristic curve value of
TG for insulin resistance was 0.781, and the optimal cutoff
value of the TyG index for insulin resistance in women with
PCOS was 8.51 (sensitivity, 63.2%; specificity, 87.0%). These
results were consistent with our findings. Another study also
showed a strong positive correlation between HOMA-IR and
TyG index (r=0.776) in women with PCOS [40]. Kheirollahi
et al. [37] conducted a study on the correlation between TG/
HDL-C, TC/HDL-C, the TyG index, and insulin resistance in
305 Iranian women with PCOS and reported that the TyG
index was strongly correlated with ISAls such as HOMA-IR,
QUICKI, and GIR, which was also consistent with our results.

In the present study, the calculated cutoff value of the TyG
index for abnormal insulin sensitivity was 8.126 in women
with PCOS, which was similar to the cutoff value 8.51 for
insulin resistance in Zheng et al. [39]. The differences in study
participants, study design, and the definition of insulin resis-
tance may be the reasons for reporting different TyG index
cutoff values in different studies. In addition, some authors
have used different formulas of In ([fasting TG leve]x[fasting
glucose level])/2 (which is the same as the formula used in
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TyG calculators that are easily available online) in their studies
[41], and this seems to be another reason for the different
threshold values of the TyG index for insulin resistance in dif-
ferent studies.

The present study has some limitations. Since our study
was a retrospective observational study, it was inevitable
that we could not use the glucose clamp technique, such as
the hyperinsulinemic-euglycemic clamp, as a reference test,
which is the gold standard for evaluating insulin sensitivity
but is practically impossible to apply in clinical settings [8].
Nevertheless, it would have been better to include postpran-
dial ISAls and other parameters, such as the Matsuda index
derived from postprandial glucose and insulin levels, to as-
sess insulin sensitivity/resistance in our study. In addition, al-
though the total number of participants in our study (n=172)
did not seem to be relatively small compared to those in oth-
er studies [39,40], the sample size was not large enough to
conduct a subgroup analysis according to the different phe-
notypes of PCOS, which could be another drawback of our
study. However, one advantage of our study was that abnor-
mal insulin sensitivity was evaluated together with the four
ISAls rather than with only a single ISAI, such as HOMA-IR.

In conclusion, the TyG index was significantly associated
with several ISAls and showed strong predictive capability for
identifying abnormal insulin sensitivity in women with PCOS.
As both blood TG and glucose tests are inexpensive and rou-
tinely performed in patients with PCOS, the TyG index can be
used as a promising surrogate marker for predicting insulin
resistance in women with PCOS. Further large-scale prospec-
tive studies are needed to confirm these results.
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