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Abstract

ACKGROUND: (IR) is
considered as the main driver of polycystic ovary
syndrome (PCOS) pathogenesis. InPCOS condition,
IR is frequently related to glucose, anthropometric profile,

Insulin  resistance

lipid profile, and hormone profile parameters. However,
not all PCOS phenotype show IR. Therefore, this study
was conducted to determine the association the parameters
mentioned above in PCOS subjects with and without IR.

METHODS: Fifty PCOS women with IR and 26 PCOS
women without IR were recruited. All subjects underwent
physical examination for measurement of weight, waist
circumference (WC), and body mass index (BMI). Ferriman
Gallwey Score (FGS) was used to evaluate hirsutism. Blood
sample was taken from each subject for measurement of
fasting glucose, postprandial glucose, fasting insulin, low-
density lipoprotein (LDL), high-density lipoprotein (HDL),
total cholesterol, triglyceride (TG), sex hormone binding
globulin (SHBG), thyroid-stimulating hormone (TSH),

luteinizing hormone (LH), follicle stimulating hormone
(FSH), and prolactin. Homeostatic model assessment
for IR (HOMA-IR), TG-glucose index (TyGI), and free
testosterone index (FTI) were then calculated.

RESULTS: From all the parameters examined, only fasting
insulin (»<0.001), HOMA-IR (p<0.001), SHBG (p=0.012),
TG (p<0.001), and TyGI (p=0.008) that show significant
differences between PCOS subjects with and without IR.
After multivariate analysis, TyGI was found to have strong
association with IR occurrence in PCOS subjects (p=0.005)
with an odd ratio of 5.26 (1.65-16.74).

CONCLUSION: TyGI appears to have a significant
association with the IR occurrence in PCOS subjects.
Hence, it can be suggested that TyGI could be an important
marker for PCOS women with IR.

KEYWORDS:
polycystic ovary syndrome, triglyceride-glucose index

insulin resistance, lipid metabolism,

Indones Biomed J. 2024; 16(1): 88-93

Introduction

Polycystic ovarian syndrome (PCOS), also known as
metabolic-endocrine disorder syndrome, affects 5-10%
of reproductive women worldwide. PCOS was diagnosed
according to the Rotterdam criteria if 2 of the following 3
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criteria are present: hyperandrogenism, oligo-anovulation,
and findings of >12 follicles measuring 2-9 mm per
ovary or 12-20 antral follicles on high-frequency probe
ultrasound.(1) PCOS is frequently related to several
multiple disorders, specifically insulin resistance (IR) and
hyperandrogenism, which are accompanied by enduring
long-term consequences such as obesity, type 2 diabetes

Copyright © 2024 The Prodia Education and Research Institute.
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mellitus (T2DM), dyslipidemia, cardiovascular disease, and
endometrial cancer.(2-4)

IR is one of the most frequent characteristics of
PCOS, with a prevalence varying from 35-80%.(5,6) IR
is characterized by a reduced receptor response to insulin
stimulation, which prevents target tissues from delivering
glucose into cells, suppresses lipolysis, stimulates glycogen
synthesis, and inhibits hepatic glucose.(7) IR is quite
common in women with PCOS, although the prevalence of
IR is independent of body mass index (BMI), obesity has
been reported to be associated with an increased occurrence
of IR in PCOS. Approximately 55-70% of obese PCOS
patients experience IR, while non-obese PCOS patients
show an incidence of IR of around 38-40%. This condition
is in accordance with several publications which state that
in PCOS, homeostatic model assessment for IR (HOMA-
IR) is positively correlated with waist circumference
(WC), triglyceride (TG), chronic low-grade inflammation,
free testosterone, and free androgen index and negatively
correlated with high-density lipoprotein (HDL) and sex
hormone binding globulin (SHBG).(8-10) In addition,
genetic and epigenetic factors, as well as prenatal androgen
exposure are proven to play a significant role in the
occurrence of IR in PCOS women.(11,12) Therefore, early
recognition of IR, anthropometric profile, hormone profile,
glucose, and lipid profile in PCOS are crucial for optimal
screening, prevention, and intervention.(13) However, there
is a PCOS phenotype that does not show IR. This may be
influenced by other causes such as central gonadotropin
hormone dysregulation and hyperandrogenic state.(14,15)

In IR states, non-esterified fatty acids are mobilized
from muscle and adipose tissue to the liver, thereby
increasing the substrate for TG production. Fasting TG-
glucose index (TyGl) is closely associated with IR.(16) It
seems that TyGl is a reliable, inexpensive, and at the same
time useful marker for detecting changes in lipid profile and
glucose metabolism disorders associated with IR, especially
in PCOS.(17) Since BMI, luteinizing hormone (LH), follicle
stimulating hormone (FSH), testosterone, glucose, lipids,
and TyGI are associated with IR, therefore, it is crucial to
determine the association between these factors in PCOS
subjects with and without IR.

Methods

Study Design and Subjects Recruitment
An observational cross-sectional study was conducted.
Female subjects with PCOS, aged 20-35 years old, visiting

Indones Biomed ]. 2024; 16(1): 88-93

Yasmin Fertility Clinic, Cipto Mangunkusumo National
Central General Hospital, Jakarta, Indonesia in July to
December 2019, were recruited. PCOS condition was
diagnosed according to the Rotterdam criteria.(1) Pregnant
subjects or subjects with medical records of gynecological
disorders, adrenal gland disease, hypothalamic-pituitary
axis alterations, excessive prolactinemia, abnormal uterine
bleeding of unknown cause, and thromboembolic or
cerebrovascular disorders, were excluded. Subjects having
hormonal medication, smoking, and alcohol consuming
habits were also excluded. This study protocol was approved
by the Ethics Committee of the Faculty of Medicine,
Universitas Indonesia, and Cipto Mangunkusumo National
Central General Hospital (No. 929/UN2.F1/ETIK/IX/2017).
All subjects were provided with comprehensive information
of the study. Subjects signed informed consent prior to the
study enrollment.

Demographic and Anthropometric Profile Measurement
Anamnesis and physical examination were performed for
measurement of body weight, WC, and BMI. In addition,
subjects were ecvaluated for hirsutism as well with
Ferriman Gallwey Score (FGS). Subjects were scored on
a scale of 0-4 for terminal hair growth on eleven different
body areas.

Glucose Profiling

For each glucose profile, about 5 mL of venous blood was
collected from each subject. For fasting glucose, the blood
collection was performed after 8-12 hours of fasting,
while for the postprandial glucose, the blood collection
was performed at 2 hours after 75 g carbohydrate intake.
Despite fasting glucose and postprandial glucose, collected
blood was processed to measure plasma insulin using the
ARCHITECT Colorimetric Assay kit (Abbott Diagnostics,
Lake Forest, IL, USA). HOMA-IR was calculated by
multiplying fasting insulin and fasting glucose, and then
dividing it by 405. A high score of HOMA-IR defined IR.
The cut-off for HOMA-IR in this study was set at 2.69.
(18) Meanwhile, the TyGI value was determined using the
formula Ln [fasting TG (mg/dL) x fasting plasma glucose
(mg/dL)/*].

Lipid Profiling

Each subject fasted for 10 hours prior to the collection of
5 mL venous blood. The collected blood was processed
to measure low-density lipoprotein (LDL), HDL, total
cholesterol, and TG, using ADVIA Centaur Immunoassay
System (Siemens Healthineers, Erlangen, Germany).
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Hormone Profiling

About 5 mL of venous blood was collected from each subject.
The collected blood was processed to measure SHBG,
follicle stimulating hormone (TSH), LH, FSH, and prolactin
using the ADVIA Centaur XPT Immunoassay System.
Testosterone was measured using Elecsys Testosterone II
(Roche, Basel, Switzerland) with electrochemiluminescence
immunoassay method, using Cobas e 402/e 801 (Roche).
Free testosterone index (FTI) was defined by dividing total
testosterone level by SHBG level and then multiplying the
result by 100.

Statistical Analysis

Statistical analysis was performed using the SPSS version
17.0 (IBM Corporation, Armonk, NY, USA). The mean,
median, and standard deviation were obtained through
univariate analysis, which was then followed by bivariate
analysis to assess differences between the 2 groups, namely
PCOS with IR and PCOS without IR. A p-value of <0.05
was considered statistically significant.

Results

Seventy-six women with PCOS were recruited into this
study, which were then divided into 2 groups; 50 PCOS
subjects with IR and 26 PCOS subjects without IR. The
median age was 28 years old, the median BMI was 27.78
kg/m2, and the median of FGS was 3, meanwhile, the mean
weight was 71.87 kg, and the mean WC was 92.01 cm
(Table 1).

Glucose Profiles of PCOS Subjects

A normal range of fasting glucose level was observed
both in PCOS subjects with and without IR (Table 2). The
median postprandial glucose level of PCOS subjects with IR
was 127 (61-237) mg/dL, whereas 30% of the postprandial
glucose level of the PCOS subjects with IR was>140 mg/
dL. The fasting insulin level of PCOS subjects with IR was
confirmed significantly higher than PCOS subjects without
IR (p<0001).

Lipid Profiles of PCOS Subjects

There was no significant difference level of LDL, HDL, and
total cholesterol between PCOS subjects with and without
IR (Table 2). PCOS subjects with IR had significantly
higher TG level (p<0.001) than the ones without IR. PCOS
subjects with IR had significantly higher TyGI (p=0.008)
than the ones without IR as well.
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Hormone Profiles of PCOS Subjects

PCOS subjects with IR had significantly lower SHBG level
(p=0.012) than the ones without IR (Table 2). There was no
significant difference level of TSH, LH, FSH, and prolactin
between PCOS subjects with and without IR (Table 2).

Multivariate Analysis Results

Multivariate analysis was carried out using binary logistic
regression, involving variables with p<0.25. However,
variables which in principle, did not influence the incidence
of IR (TG to HDL ratio, prolactin and FSH) were excluded.
TyGI showed a strong relationship with the IR occurance
in PCOS women after multivariate analysis using logistic

Table 1. Baseline characteristics of the study subjects.

Characteristic Value

Demographic and Anthropometric Profile

LDL (mg/dL)

HDL (mg/dL)

Total cholesterol (mg/dL)
TG (mg/dL)

Age (year) 28 (23-35)
Weight (kg) 71.87+£13.15
WC (cm) 92.01+9.80
BMI (kg/m) 27.78 (20.75-39.77)
FGS 3(1-11)
Metabolic and Lipid Profile
Fasting glucose (mg/dL) 89.33+£7.77
Postprandial glucose (mg/dL) 112.5 (56-237)
Fasting insulin (uIU/mL) 14 (9-37)

128.5 (59-239)
42,51 (30-62)
204.72 (121.80-316.30)
109.5 (45-390)

TyGI 4925.5 (1680-17940)
TG to HDL ratio 2.59 (0.85-10)
LDL to HDL ratio 3.25+0.77

TG to BMI ratio 3.695 (1.49-16.53)
HOMA-IR 2.89 (2.05-8.99)

Hormone Profile

SHBG (nmol/L) 21.5 (7-66)
TSH (nIU/mL) 2(0-9)
LH (puIU/mL) 10.68+4.48
FSH (nIU/mL) 6 (2-10)
Prolactin (ng/mL) 9 (4-32)
FTI (ng/dL) 5(1-31)
LH to FSH ratio 1.76+0.84

Numerical variables with normal data distribution: mean+SD,
while numerical variables with non-normal data distribution:
median (min—max). WC: Waist Circumference; BMI: Body
Mass Index; FGS: Ferriman Gallwey Score; LDL: Low-Density
Lipoprotein; HDL: High-Density Lipoprotein; TG: Triglyceride;
TyGI: Triglyceride Glucose Index; SHBG: Sex Hormone-Binding
Globulin; TSH: Thyroid Stimulating Hormone; LH: Luteinizing
Hormone; FSH: Follicle Stimulating Hormone; FTI: Free
Testosterone Index.
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Table 2. Characteristic comparison of PCOS subjects with and without IR.

Characteristic Non-IR (n=26) IR (n=50) p-value
Demographic and Anthropometric Profile
Age (years) 28.05+2.86 28.28+3.46 0.708
Weight (kg) 68.05+13.23 73.23+£12.98 0.131
WC (cm) 89.08+8.67 93.54+10.07 0.731
BMI (kg/m) 26.95 (20.75-34.10) 29.49 (21.91-39.77) 0.204
FGS 2 (1-9) 3(1-11) 0.298
Metabolic and Lipid Profile
Fasting glucose (mg/dL) 87.3+6.7 90.348.1 0.198
Postprandial glucose (mg/dL) 109 (56-155) 127 (61-237) 0.128
Fasting insulin (W[U/mL) 10 (9-13) 18 (12-37) <0.001*
LDL (mg/dL) 136.23+£23.15 125.5 (101-239) 0.387
HDL (mg/dL) 43.03+5.87 43.61+£7.29 0.620
Total cholesterol (mg/dL) 206.79+£21.20 203.98+39.98 0.696
TG (mg/dL) 85 (45-236) 123 (65-390) <0.001*
TyGI 4248 (1680-9393) 6687 (2503-17940) 0.008*
TG to HDL ratio 2.4 (0.85-6.50) 3.6 (1.17-10) 0.078
LDL to HDL ratio 3.29+0.48 3.23+0.86 0.736
HOMA-IR 2.36+0.16 3.31 (2.69-8.62) <0.001*
Hormone Profile
SHBG (nmol/L) 29 (10-50) 21.8 (10-50) 0.012*
TSH (uIU/mL) 2.2 (1-9) 2.0 (1-6) 0.426
LH (uIU/mL) 10.10+4.48 10.89+4.50 0.500
FSH (nIU/mL) 6 (3-8) 7 (2-10) 0.078
Prolactin (ng/mL) 9 (5-26) 9.5 (4-32) 0.831
FTI (ng/dL) 4 (2-31) 6 (1-18) 0.108
LH to FSH ratio 1.90+1.13 1.71+0.72 0.489

Numerical variables with normal data distribution: mean+SD, were analyzed using an independent T-test.
Numerical variables with non-normal data distribution: median (min—max), were analyzed using the Mann-
Whitney test. WC: Waist Circumference; BMI: Body Mass Index; FGS: Ferriman Gallwey Score; LDL: Low-
Density Lipoprotein; HDL: High-Density Lipoprotein; TG: Triglyceride; TyGI: Triglyceride Glucose Index;
SHBG: Sex Hormone-Binding Globulin; TSH: Thyroid Stimulating Hormone; LH: Luteinizing Hormone; FSH:
Follicle Stimulating Hormone; FTI: Free Testosterone Index.

regression and the 5-stage backward Wald method. This
relationship was found to have a p-value of 0.005 and an
odds ratio of 5.26 with 95% CI (1.65-16.74). Based on
correlation analysis carried out with the Spearman test, we
observed a weak positive correlation between the TyGI and
HOMA-IR with p=0.003 and (r=0.117) (Figure 1).

Discussion

IR and hyperinsulinemia could be negative impacts of
accumulated adipose tissue metabolism, which were related
to decreased glycogen synthesis, decreased SHBG secretion,
and increased insulin-like growth factor-1 (IGF-1) in the
liver. High insulin levels in women with IR will increase

the production of LH by the anterior pituitary following
the increased pulsatile release frequency of gonadotropin-
releasing hormone (GnRH) in the hypothalamus.(12)
Hyperinsulinemia condition can also disrupt the balance
between the hypothalamic pituitary ovary (HPO) axis and
the hypothalamic pituitary adrenal (HPA), which is related
to the increase of adrenocorticotropic hormone (ACTH) by
the adrenal glands.(12)

In our study, PCOS subjects with IR had lower SHBG
levels than PCOS subjects without IR. This finding is
consistent with the findings of numerous studies addressing
the decreased production of SHBG in PCOS women with
IR. This condition correlates with IR which will lead to
the increase of monosaccharides delivery to the liver and
adipose tissue lipolysis, which later induce the production
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of non-esterified fatty acids (NEFA). This will stimulate
gluconeogenesis and lipogenesis; and increase the
proinflammatory cytokine tumor necrosis factor (TNF)-o as
well as de novo lipogenesis (DNL) followed by the decrease
of hepatocyte nuclear factor (HNF)-4a and SHBG.(19)

Dyslipidemia is a common metabolic complication
affecting up to 70% of women with PCOS. Multiple
factors are known to contribute to the disruption of lipid
metabolism and dyslipidemia. IR performs a crucial
role by predominantly stimulating lipolysis and altering
the expression of lipoprotein and hepatic lipases. Under
conditions of IR, NEFA is transported from muscle and
adipose tissue to the liver, thereby augmenting the substrate
for TG biosynthesis.(20,21)

We observed that the PCOS subjects with IR had
lesser LDL levels than the ones without IR, whereas
there was no difference in HDL levels between the PCOS
subjects with and without IR. Furthermore, PCOS subjects
with IR had higher TG level and TG to HDL ratio than
PCOS subjects without IR. Multivariate analysis showed
a significant association between TyGI and IR occurrence
in PCOS subjects. Compared to several studies conducted
in Iran, Iraq, and China, current study has shown that
the TyGI is a practical and inexpensive test with a high
degree of reliability for PCOS women with IR.(8,22,23) A
positive correlation between the TyGI and the prevalence of
metabolic syndrome in women with PCOS has been reported
as well. TyGI was found to be independently correlated with
hypertension, obesity, central obesity, hyperglycemia, and
dyslipidemia in women with PCOS.(24)

Print ISSN: 2085-3297, Online ISSN: 2355-9179

Figure 1. Positive correlation was
observed between HOMA-IR and
TyGI in PCOS subjects (r=0.117;
p=0.003).

but not glucose levels. In addition, TyGI appears to have a
significant association with the occurrence of IR in PCOS
subjects. Taken together, it can be suggested that TyGI could
be an important marker for PCOS women with IR.

Acknowledgments

We thank Naylah Munaf, Kresna Mutia, Ririn Rahmala
Febri, Pritta Ameilia, Oki Riayati for collecting, organising
laboratory samples and conducting statistical analysis at
the Human Reproduction, Infertility, and Family Planning
cluster of the Indonesian Medical Education and Research
Institute (IMERI), Faculty of Medicine, Universitas
Indonesia. The authors would like to thank the Prodia
Education and Research Institute (PERI) and Prodia Clinical
Laboratory Great Regional Jakarta for the support.

Authors Contribution

AH was involved in the conceptualisation of the study
and the data curation. DE, AK, RM, and FS were involved
in the investigation and analysis of the data. AK and RM
was responsible for the data validation. DE and GP were
responsible for the software and project administration. JS
designed the visualisation for the manuscript. AH, JS, and
GP wrote the original draft of the manuscript. JS and FS
substantially and edited the manuscript. AH was involved
in the funding acquisition and supervision.

Conclusion

References

In this study, fasting insulin and TG were found to be higher
in PCOS subjects with IR than PCOS subjects without IR,

92

1. Jonard S, Robert Y, Ardaens Y, Dewaily D. Ovarian histology,

morphology, and ultrasonography in the polycystic ovary



Triglyceride-glucose Index and Insulin Resistance in PCOS (Hestiantoro A, et al.)

DOI: 10.18585/inabj.v16i1.2639

10.

12.

syndrome. In: Azziz R, Nestler J, Dewaily D, editors. Contemporary
Endocrinology: Androgen Excess Disorders in Women: Polycystic
Ovary Syndrome and Other Disorders. 2nd ed. Totowa: Humana
Press Inc.; 2006.

Lewandowski KC, Plusajska J, Horzelski W, Lewinski A. Prevalence
of dyslipidaemia and pre-diabetes among women with polycystic
ovary syndrome (PCOS): Do we overestimate cardiovascular risk?
Horm Metab Res. 2019; 51(8): 539-45.

Kartika R, Wibowo H. Impaired function of regulatory T cells in type
2 diabetes mellitus. Mol Cell Biomed Sci. 2020; 4(1): 1-9.

Limantara E, Kartawidjajaputra F, Suwanto A. Evaluation of potential
gene expression as early markers of insulin resistance and non-
alcoholic fatty liver disease in the Indonesian population. Indones J
Biotechnol. 2018; 23(2): 84-90.

Anwar AA, Abdullah N, Padjalangi AN, Hamid F, Mappeware
NA, Lukas E. Serum leptin concentration is correlated to insulin
resistance in polycystic ovary syndrome (PCOS) patients. Mol Cell
Biomed Sci. 2021; 5(2): 93-7.

Amisi CA. Markers of insulin resistance in polycystic ovary syndrome
women: An update. World J Diabetes. 2022; 13(3): 129-49.

Marino L, Jornayvaz FR. Endocrine causes of nonalcoholic fatty liver
disease. World J Gastroenterol. 2015; 21(39): 11053-76.

Kheirollahi A, Teimouri M, Karimi M, Vatannejad A, Moradi
N, Borumandnia N, Sadeghi A. Evaluation of lipid ratios and
triglyceride-glucose index as risk markers of insulin resistance
in Iranian polycystic ovary syndrome women. Lipids Health Dis.
2020; 19(1): 235. doi: 10.1186/s12944-020-01410-8.

Bayuaji H, Nataprawira H, Sastramihardja H, Permadi W. The
correlation of serum total testosterone, sex hormone binding
globulin and free androgen index with athens insomnia scale score
in polycystic ovary syndrome. Indones Biomed J. 2018; 10(1): 46-
50.

Novianti ME, Bakri S, Arief M, Sandra F. Correlation between
homeostatic model assessment-estimated insulin resistance
(HOMA-IR) with asymmetric dimethylarginine (ADMA) in
prehypertension. Indones Biomed J. 2013; 5(3): 169-72.

Kim JJ, Choi YM, Cho YM, Hong MA, Chae SJ, Hwang KR, et al.
Polycystic ovary syndrome is not associated with polymorphisms
of the TCF7L2, CDKALI1, HHEX, KCNJ11, FTO and SLC30A8
genes. Clin Endocrinol. 2012; 77(3): 439-45.

Xing C, ZhangJ, Zhao H, He B. Effect of sex hormone-binding globulin
on polycystic ovary syndrome: Mechanisms, Manifestations,
genetics, and treatment. Int ] Womens Health. 2022; 14: 91-105.

Kruszewska J, Laudy-Wiaderny H, Kunicki M. Review of novel
potential insulin resistance biomarkers in pcos patients-the debate is

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Indones Biomed ]. 2024; 16(1): 88-93

still open. Int J Environ Res Public Health. 2022; 19(4): 2099. doi:
10.3390/ijerph19042099.

Jaime J, Moenter SM. GnRH neuron excitability and action potential
properties change with development but are not affected by prenatal
androgen exposure. eNeuro. 2022; 9(6): ENEURO.0362-22.2022.
doi: 10.1523/ENEURO.0362-22.2022.

Duan C, Pei T, Li Y, Cao Q, Chen H, Fu J. Androgen levels in the
fetal cord blood of children born to women with polycystic ovary
syndrome: a meta-analysis. Reprod Biol Endocrinol. 2020; 18(1):
81. doi: 10.1186/512958-020-00634-8.

Dilworth L, Facey A, Omoruyi F. Diabetes mellitus and its metabolic
complications: the role of adipose tissues. Int J Modul Sci. 2021;
22(4): 7644. doi: 10.3390/ijms22147644.

Park S, Cho Y, Lee S, Chung H, Jeong K. Triglyceride is a useful
surrogate marker for insulin resistance in korean women with
polycystic ovary syndrome. Yonsei Med J. 2015; 56(3): 785-92.

YinJ, Li M, Xu L, Wang Y, Cheng H, Zhao X, Mi J. Insulin resistance
determined by homeostasis model assessment (HOMA) and
associations with metabolic syndrome among Chinese children and
teenagers. Diabetol Metab Syndr. 2013; 5(1): 71. doi: 10.1186/1758-
5996-5-71.

Qu X, Donnelly R. Sex hormone-binding globulin (SHBG) as an early
biomarker and therapeutic target in polycystic ovary syndrome. Int J
Mol Sci. 2020; 21(21): 8191. doi: 10.3390/ijms21218191.

Liu Y, Du M, Gan Y, Bao S, Feng L, Zhang J. Triglyceride induced
metabolic inflammation: potential connection of insulin resistance
and recurrent pregnancy loss. Front Endocrinol. 2021; 12: 621845.
doi: 10.3389/fend0.2021.621845.

Dumesic DA, Padmanabhan V, Chazenbalk GD, Abbott DH.
Polycystic ovary syndrome as a plausible evolutionary outcome of
metabolic adaptation. Reprod Biol Endocrinol. 2022; 20(1): 12. doi:
10.1186/512958-021-00878-y.

Wen J, Wang A, Liu G, Wang M, Zuo Y, Li W, et al. Elevated
triglyceride-glucose (TyG) index predicts incidence of prediabetes:
a prospective cohort study in China. Lipids Health Dis. 2020; 19(1):
226. doi: 10.1186/512944-020-01401-9.

Altemimi M, Musa A, Mansour A. The performance of glycated
hemoglobin vs. oral glucose tolerance test in the diagnosis of
glycemic disorders among women with polycystic ovary syndrome
in Southern Iraq. Indones Biomed J. 2021; 13(2): 178-85.

Yang H, Chen Y, Liu C. Triglyceride-glucose index is associated
with metabolic syndrome in women with polycystic ovary
syndrome. Gynecol Endocrinol. 2023; 39(1): 2172154. doi:
10.1080/09513590.2023.2172154.

93



turnitingJ)
Digital Receipt

This receipt acknowledges that Turnitin received your paper. Below you will find the receipt
information regarding your submission.

The first page of your submissions is displayed below.

Submission author:

Assignment title:
Submission title:
File name:

File size:

Page count:
Word count:
Character count:
Submission date:
Submission ID:

Ferry Sandra
SIJALI 2

InaBJ VI6N1A10 - Triglyceride-Glucose Index as A Crucial Ma...

V16N1A10.pdf
488.58K

6

4,017

21,459

29-Feb-2024 03:39PM (UTC+0700)

2307770351

he Indonesian Biomedical Journal, Vol 16, No.1, February 2024, p.1.93

Print ISSN: 2085-3297, Online ISSN: 23559179

RESEARCH ARTICLE

Triglyceride-Glucose Index as A Crucial Marker for
Polycystic Ovary Syndrome Women with Insulin Resistance

Andon Hestiantoro'?, Jaya Saraswati’, David Eka Prasetya', Ferry Sandra™*,
Raden Muharam'?, Gita Pratama', Achmad Kemal Harzif'>

Division,

ci Hospital, I,

Jemba Raya No.6, Jak

Universitas Indoncsia
10430, Indonesia

“Human Reproduction, Infertiliy, Family Planing Rescarch Center, Indonesia Medical Education and Rescarch Insitute (IMERI), Faculty of Modicine,
Jniversitas Indonesia, J1. Salemba Raya No.6, Jakarta 10430, Indopesia

“Department of

¥
Jakarta 11440, Indonesia

ly of Denisty, Universitas Trisake, L. Kyai Tapa No. 260

*Corresponding author. Email: femy@ risakiiac.id

Roceived date: Sep 4, 2023; Revised dat: Feb 13, 2024; Accepted date: Feb 15, 2024

Abstract

ACKGROUND: Insulin ~resistance  (IR)  is
B it s i e

syndrome (PCOS) pathogenesis. InPCOS condition,
IR is frequently related to glucose, anthropometric profile.
lipid profile, and hormone profile parameters. However,
not all PCOS phenotype show IR. Therefore, this study

was conducted to determine the association the parameters
mentioned above in PCOS subjects with and without IR.

METHODS: Fifly PCOS women with IR and 26 PCOS
women without IR were recruited. All subjeets underwent

physical examination for measurement of weight, waist

circumference (WC), and body mass index (BMI). Ferriman
Gallwey Score (FGS)
sample was taken from each subject for measurement of

fasting glucose, postprandial glucose, fasting insulin, low-

density lipoprotein (LDL), high-density lipoprotein (HDL),
total cholesterol, triglyceride (TG), sex hormone binding
globulin (SHBG). thyroid-stimulating hormone (TSH).

luteinizing hormone (LH), follicle stimulating hormone
(FSH), and prolactin. Homeostatic model assessment
for IR (HOMA-IR), TG-glucose index (T
testosterone index (FTI) were then calculated.

), and free

RESULTS: From all the parameters examined. only fasting
insulin (p<0.001). HOMA-IR (»<0.001), SHBG (p=0.012),
TG (p<0.001), and TyGI (p=0.008) that show significant
differences between PCOS subjects with and without IR,

After multivariate analysis, TyGI was found to have strong
association with IR oceurrence in PCOS subjects (p=0.005)

with an odd ratio of 5.26 (1.65-16.74).

CONCLUSION: TyGI appears to have a significant
association with the IR occurrence in PCOS. subjects.
Hence, it can be suggested that TyGI could be an important
marker for PCOS women with IR.
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of reproductive women worldwide. PC(
according to the Rotterdam criteria if 2 of the following 3

criteria are present: hyperandrogenism, oligo-anovulation,
and findings of 12 follicles measuring 2-9 mm per
ovary or 12-20 antral follicles on high-frequency probe
ultrasound (1) PCOS s frequently related to several
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h are accompanied by enduring
long-term consequences such as obesity, type 2 diabetes

multiple disorders, sp

hyperandrogenism, w

DOIEN

Copyright 2024 Turnitin. All rights reserved.




InaBJ V1I6N1A10 - Triglyceride-
Glucose Index as A Crucial
Marker for Polycystic Ovary

Syndrome Women with Insulin

Resistance

by Ferry Sandra

Submission date: 29-Feb-2024 03:39PM (UTC+0700)
Submission ID: 2307770351

File name: V16N 1A10.pdf (488.58K)

Word count: 4017

Character count: 21459



The Indonesian Biomedical Journal, Vol.16, No.1, February 2024, p.1-93

RESEARCH ARTICLE

Print [SSN: 2085-3297, Online [SSN: 2355-9179

Triglyceride-Glucose Index as A Crucial Marker for
Polycystic Ovary Syndrome Women with Insulin Resistance

Andon Hestiantoro'?, Jaya Saraswati’, David Eka Prasetya', Ferry Sandra®*,
Raden Muharam'?, Gita Pratama'>, Achmad Kemal Harzif'?

'Reproductive Immunoendocrinology Division, Department of Obstetrics and Gynecology, Faculty of Medicine, Universitas Indonesia/
Cipto Mangunkusumo General Hospital, 1, Salemba Raya No.b. Jakarta 10430, Indonesia
*Human Reproduction, Infertility, Family Planning Research Center, Indonesia Medical Education and Research Institute (IMERI), Faculty of Medicine,
Universitas Indonesia, JI. Salemba Raya No.6, Jakarta 10430, Indonesia
‘Department of Biochemistry and Molecular Biology, Division of Oral Biology, Faculty of Dentistry, Universitas Trisakti, JI. Kyai Tapa No. 260,
Jakarta 11440, Indonesia

*Corresponding author. Email: fery@trisaktiac.id

Received date: Sep 4, 2023 ; Revised date: Feb 13, 2024, Accepted date: Feb 15, 2024

Abstract

ACKGROUND:
considered as the main driver of polycystic ovary
syndrome (PCOS) pathogenesis. InPCOS condition,
IR is frequently related to glucose, anthropometric profile,

Insulin  resistance (IR) is

lipid profile, and hormone profile parameters. However,
not all PCOS phenotype show IR. Therefore, this study
was conducted to determine the association the parameters

mentioned above in PCOS subjects with and without IR.

METHODS: Fifty PCOS women with IR and 26 PCOS
women without IR were recruited. All subjects underwent
physical examination for measurement of weight, waist
circumference (WC), and body mass index (BMI). Ferriman
Gallwey Score (FGS) was used to evaluate hirsutism. Blood

sample was taken from each subject for measurement of

fasting glucose, postprandial glucose, fasting insulin, low-
density lipoprotein (LDL). high-density lipoprotein (HDL),
total cholesterol, triglyceride (TG), sex hormone binding

globulin (SHBG), thyroid-stimulating hormone (TSH),

luteinizing hormone (LH), follicle stimulating hormone
(FSH), and prolactin.
for IR (HOMA-IR), TG-glucose index (TyGI), and free
testosterone index (FTI) were then calculated.

Homeostatic model assessment

RESULTS: From all the parameters examined, only fasting
insulin (p=<0.001), HOMA-IR (p<0.001), SHBG (p=0.012),
TG (p=0.001), and TyGI (p=0.008) that show significant
differences between PCOS subjects with and without IR.
After multivariate analysis, TyGl was found to have strong
association with IR occurrence in PCOS subjects (p=0.005)
with an odd ratio of' 5.26 (1.65-16.74).

CONCLUSION: TyGI appears to have a significant
association with the IR occurrence in PCOS subjects.
Hence, it can be suggested that TyGI could be an important
marker for PCOS women with IR.
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Introduction

also known as
affects 5-10%

of reproductive women worldwide. PCOS was diagnosed

Polycystic ovarian syndrome (PCOS),
metabolic-endocrine  disorder syndrome,

according to the Rotterdam criteria if 2 of the following 3
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criteria are present: hyperandrogenism, oligo-anovulation,
and findings of >12 follicles measuring 2-9 mm per
ovary or 12-20 antral follicles on high-frequency probe
ultrasound.(1) PCOS is frequently related to several
multiple disorders, specifically insulin resistance (IR) and
hyperandrogenism, which are accompanied by enduring

long-term consequences such as obesity, type 2 diabetes
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mellitus (T2DM), dyslipidemia, cardiovascular disease, and
endometrial cancer,(2-4)

IR is one of the most frequent characteristics of
PCOS, with a prevalence varying from 35-80%.(5.6) IR
is characterized by a reduced receptor response to insulin
stimulation, which prevents target tissues from delivering
glucose into cells, suppresses lipolysis, stimulates glycogen
synthesis, and inhibits hepatic glucose.(7) IR is quite
common in women with PCOS, although the prevalence of
IR is independent of body mass index (BMI), obesity has
been reported to be associated with an increased occurrence
of IR in PCOS. Approximately 55-70% of obese PCOS
patients experience IR, while non-obese PCOS patients
show an incidence of IR of around 38-40%. This condition
is in accordance with several publications which state that
in PCOS, homeostatic model assessment for IR (HOMA-
IR) is positively correlated with waist circumference
(WCQ), triglyceride (TG). chronic low-grade inflammation,
free testosterone, and free androgen index and negatively
correlated with high-density lipoprotein (HDL) and sex
hormone binding globulin (SHBG).(8-10) In addition,
genetic and epigenetic factors, as well as prenatal androgen
exposure are proven to play a significant role in the
occurrence of IR in PCOS women.(11,12) Therefore, early
recognition of IR, anthropometric profile, hormone profile,
glucose, and lipid profile in PCOS are crucial for optimal
screening, prevention, and intervention.(13) However, there
is a PCOS phenotype that does not show IR. This may be
influenced by other causes such as central gonadotropin
hormone dysregulation and hyperandrogenic state.(14,15)

In IR states, non-esterified fatty acids are mobilized
from muscle and adipose tissue to the liver, thereby
increasing the substrate for TG production. Fasting TG-
glucose index (TyGl) is closely associated with IR.(16) It
seems that TyGI is a reliable, inexpensive, and at the same
time useful marker for detecting changes in lipid profile and
glucose metabolism disorders associated with IR, especially
in PCOS.(17) Since BMLI, luteinizing hormone (LH), follicle
stimulating hormone (FSH), testosterone, glucose, lipids,
and TyGI are associated with IR, therefore, it is crucial to
determine the association between these factors in PCOS

subjects with and without IR.

Methods

Study Design and Subjects Recruitment
An observational cross-sectional study was conducted.

Female subjects with PCOS, aged 20-35 years old, visiting

Indones Biomed ). 2024; 16(1): 88-93

Yasmin Fertility Clinic, Cipto Mangunkusumo National
Central General Hospital, Jakarta, Indonesia in July to
December 2019, were recruited. PCOS condition was
diagnosed according to the Rotterdam criteria.(1) Pregnant
subjects or subjects with medical records of gynecological
disorders. adrenal gland disease. hypothalamic-pituitary
axis alterations, excessive prolactinemia, abnormal uterine
bleeding of unknown cause, and thromboembolic or
cerebrovascular disorders, were excluded. Subjects having
hormonal medication, smoking, and alcohol consuming
habits were also excluded. This study protocol was approved
by the Ethics Committee of the Faculty of Medicine,
Universitas Indonesia, and Cipto Mangunkusumo National
Central General Hospital (No. 929/UN2.F1/ETIK/IX/2017).
All subjects were provided with comprehensive information
of the study. Subjects signed informed consent prior to the
study enrollment.

Demographic and Anthropometric Profile Measurement
Anamnesis and physical examination were performed for
measurement of body weight, WC, and BML In addition,
subjects were evaluated for hirsutism as well with
Ferriman Gallwey Score (FGS). Subjects were scored on
a scale of 0-4 for terminal hair growth on eleven different

body areas.

Glucose Profiling

For each glucose profile, about 5 mL of venous blood was
collected from each subject. For fasting glucose, the blood
collection was performed after 8-12 hours of fasting,
while for the postprandial glucose. the blood collection
was performed at 2 hours after 75 g carbohydrate intake.
Despite fasting glucose and postprandial glucose, collected
blood was processed to measure plasma insulin using the
ARCHITECT Colorimetric Assay kit (Abbott Diagnostics,
Lake Forest, IL, USA). HOMA-IR was calculated by
multiplying fasting insulin and fasting glucose, and then
dividing it by 405. A high score of HOMA-IR defined IR.
The cut-off for HOMA-IR in this study was set at 2.69.
(18) Meanwhile, the TyGI value was determined using the
formula Ln [fasting TG (mg/dL) = fasting plasma glucose
(mg/dL)/].

Lipid Profiling

Each subject fasted for 10 hours prior to the collection of
5 mL venous blood. The collected blood was processed
to measure low-density lipoprotein (LDL), HDL, total
cholesterol, and TG, using ADVIA Centaur Immunoassay
System (Siemens Healthineers, Erlangen, Germany).
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Hormone Profiling

About 5mL of venous blood was collected from each subject.
The collected blood was processed to measure SHBG,
follicle stimulating hormone (TSH), LH. FSH, and prolactin
using the ADVIA Centaur XPT Immunoassay System.
Testosterone was measured using Elecsys Testosterone 11
(Roche, Basel, Switzerland) with electrochemiluminescence
immunoassay method, using Cobas ¢ 402/e 801 (Roche).
Free testosterone index (FTI) was defined by dividing total
testosterone level by SHBG level and then multiplying the
result by 100.

Statistical Analysis

Statistical analysis was performed using the SPSS version
17.0 (IBM Corporation, Armonk, NY, USA). The mean,
median, and standard deviation were obtained through
univariate analysis, which was then followed by bivariate
analysis to assess differences between the 2 groups, namely
PCOS with IR and PCOS without IR. A p-value of <0.05

was considered statistically significant.

Results

Seventy-six women with PCOS were recruited into this
study, which were then divided into 2 groups; 50 PCOS
subjects with IR and 26 PCOS subjects without IR. The
median age was 28 years old, the median BMI was 27.78
kg/m2, and the median of FGS was 3, meanwhile, the mean
weight was 71.87 kg, and the mean WC was 92.01 cm
(Table 1).

Glucose Profiles of PCOS Subjects

A normal range of fasting glucose level was observed
both in PCOS subjects with and without IR (Table 2). The
median postprandial glucose level of PCOS subjects with IR
was 127 (61-237) mg/dL, whereas 30% of the postprandial
glucose level of the PCOS subjects with IR was>140 mg/
dL. The fasting insulin level of PCOS subjects with IR was
confirmed significantly higher than PCOS subjects without
IR (p=0001).

Lipid Profiles of PCOS Subjects

There was no significant difference level of LDL, HDL, and
total cholesterol between PCOS subjects with and without
IR (Table 2). PCOS subjects with IR had significantly
higher TG level (p<0.001) than the ones without IR. PCOS
subjects with IR had significantly higher TyGI (p=0.008)
than the ones without IR as well.
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Hormone Profiles of PCOS Subjects

PCOS subjects with IR had significantly lower SHBG level
(p=0.012) than the ones without IR (Table 2). There was no
significant difference level of TSH, LH, FSH, and prolactin
between PCOS subjects with and without IR (Table 2).

Multivariate Analysis Results

Multivariate analysis was carried out using binary logistic
regression, involving variables with p<0.25. However,
variables which in principle, did not influence the incidence
of IR (TG to HDL ratio, prolactin and FSH) were excluded.
TyGI showed a strong relationship with the IR occurance
in PCOS women after multivariate analysis using logistic

Table 1. Baseline characteristics of the study subjects.

Characteristic Value

Demographic and Anthropometric Profile

Agpe (year) 28 (23-35)

Weight (kg) 71.87£13.15

WC (cm) 92014980

BMI (kg/m’) 27.78 (20.75-39.77)

FGS 3{1-11)
Metabolic and Lipid Profile

Fasting glucose (mg/dL) 89.33+7.77

Postprandial glucose (mg/dL) 112.5 (56-237)

Fasting insulin (p1U/mL) 14 (9-37)

LDL (mg/dL)

HDL (mg/dL)

Total cholesterol (mg/dL)
TG (me/dL)

TyGl

TG to HDL ratio

LDL to HDL ratio

TG to BMI ratio
HOMA-IR

128.5 (59-239)
42.51 (30-62)
204.72 (121.80-316.30)
109.5 (45-390)
4925.5 (1680-17940)
2.59 (0.85-10)
3.2540.77
3.695 (1.49-16.53)
2.89 (2.05-8.99)

Hormone Profile
SHBG (nmol/L)
TSH (ulU/miL)
LH (uIU/mL)
FSH (ulU/mL)
Prolactin (ng/mL)
FTI (ng/dL)

LH to FSH ratio

21.5(7-66)
2 (0-9)
10.68+4.48
6 (2-10)
9 (4-32)
5(1-31)
1.760.84

MNumerical variables with normal data distribution: meantSD,
while numerical variables with non-normal data distribution:
median (min-max). WC: Waist Circumference; BMIL: Body
Mass Index; FGS: Ferriman Gallwey Score; LDL: Low-Density
Lipoprotein; HDL: High-Density Lipoprotein; TG: Triglyceride:
TyGI: Triglyceride Glucose Index: SHBG: Sex Hormone-Binding
Globulin: TSH: Thyroid Stimulating Hormone; LH: Luteinizing
Hormone; FSH: Follicle Stimulating Hormone: FTI: Free
Testosterone Index.
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Table 2. Characteristic comparison of PCOS subjects with and without IR.

Characteristic Non-1R (n=26) IR (0=50) p-value
Demographic and Anthropometric Profile
Age (years) 28.05+2.86 28.28+3.46 0.708
Weight (kg) 68.05£13.23 73.23£12.98 0.131
WC (cm) 89.08+8.67 93.54+10.07 0.731
BMI (ke/nt') 26.95(20.75-34.10) 29.49 (21.91-39.77) 0.204
FGS 2(1-9) 3(1-11) 0.298
Metabolic and Lipid Profile
Fasting glucose (mg/dL) 87.3%6.7 90.3£8.1 0.198
Postprandial glucose (mg/dL) 109 (56-155) 127 (61-237) 0.128
Fasting insulin (pIU/mL) 10 (9-13) 18 (12-37) <0.001*
LDL (mg/dL) 136.23£23.15 125.5 (101-239) 0.387
HDL (mg/dL) 43.03+5.87 43.61£7.29 0.620
Total cholesterol (mg/dL) 206.79+21.20 203.98+39.98 0.696
TG (mg/dL) 85 (45-2306) 123 (65-390) <0.001*
TyGl 4248 (1680-9393) 6687 (2503-17940) 0.008*
TG to HDL ratio 2.4 (0.85-6.50) 36 (1.17-10) 0.078
LDL to HDL ratio 3.29+0.48 3.23£0.86 0.736
HOMA-IR 2.36+0.16 3.31 (2.69-8.62) <0.001*
Hormone Profile
SHBG (nmol/L) 29 (10-50) 21.8 (10-50) 0.012*
TSH (plUmmL) 22(1-9) 2.0(1-6) 0.426
LH (puIU/mL) 10.10+4.48 10.89+4.50 0.500
FSH (plU/mL) 6 (3-8) T(2-10) 0.078
Prolactin (ng/mL) 9 (5-26) 9.5 (4-32) 0.831
FTI (ng/dL) 4(2-31) 6 (1-18) 0.108
LH to FSH ratio 1.90+1.13 1.71+0.72 0.489

Numerical variables with normal data distribution: mean+SD, were analyzed using an independent T-test.
Numerical variables with non-normal data distribution: median (min-max), were analyzed using the Mann-
Whitney test. WC: Waist Circumference; BMI: Body Mass Index: FGS: Ferriman Gallwey Score; LDL: Low-
Density Lipoprotein; HDL: High-Density Lipoprotein: TG: Triglyceride: TyGl: Triglyceride Glucose Index:
SHBG: Sex Hormone-Binding Globulin: TSH: Thyroid Stimulating Hormone; LH: Luteinizing Hormone: FSH:
Follicle Stimulating Hormone: FTI: Free Testosterone Index.

regression and the 5-stage backward Wald method. This
relationship was found to have a p-value of 0.005 and an
odds ratio of 5.26 with 95% CI (1.65-16.74). Based on
correlation analysis carried out with the Spearman test, we
observed a weak positive correlation between the TyGI and
HOMA-IR with p=0.003 and (r=0.117) (Figure 1).

Discussion

IR and hyperinsulinemia could be negative impacts of
accumulated adipose tissue metabolism, which were related
to decreased glycogen synthesis, decreased SHBG secretion,
and increased insulin-like growth factor-1 (IGF-1) in the

liver. High insulin levels in women with IR will increase

the production of LH by the anterior pituitary following
the mcreased pulsatile release frequency of gonadotropin-
releasing hormone (GnRH) in the hypothalamus.(12)
Hyperinsulinemia condition can also disrupt the balance
between the hypothalamic pituitary ovary (HPO) axis and
the hypothalamic pituitary adrenal (HPA), which is related
to the increase of adrenocorticotropic hormone (ACTH) by
the adrenal glands.(12)

In our study, PCOS subjects with IR had lower SHBG
levels than PCOS subjects without IR. This finding is
consistent with the findings of numerous studies addressing
the decreased production of SHBG in PCOS women with
IR. This condition correlates with IR which will lead to
the increase of monosaccharides delivery to the liver and

adipose tissue lipolysis, which later induce the production
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of non-esterified fatty acids (NEFA). This will stimulate
gluconeogenesis  and  lipogenesis; and increase the
proinflammatory cytokine tumor necrosis factor (TNF)-a as
well as de novo lipogenesis (DNL) followed by the decrease
of hepatocyte nuclear factor (HNF)-4o and SHBG.(19)

Dyslipidemia is a common metabolic complication
affecting up to 70% of women with PCOS. Multiple
factors are known to contribute to the disruption of lipid
metabolism and dyslipidemia. IR performs a crucial
role by predominantly stimulating lipolysis and altering
the expression of lipoprotein and hepatic lipases. Under
conditions of IR, NEFA is transported from muscle and
adipose tissue to the liver, thereby augmenting the substrate
for TG biosynthesis.(20,21)

We observed that the PCOS subjects with IR had
lesser LDL levels than the ones without IR, whereas
there was no difference in HDL levels between the PCOS
subjects with and without IR. Furthermore, PCOS subjects
with IR had higher TG level and TG to HDL ratio than
PCOS subjects without IR. Multivariate analysis showed
a significant association between TyGI and IR occurrence
in PCOS subjects. Compared to several studies conducted
in Iran, Irag, and China, current study has shown that
the TyGI is a practical and inexpensive test with a high
degree of reliability for PCOS women with IR.(8,22,.23) A
positive correlation between the TyGI and the prevalence of
metabolic syndrome in women with PCOS has been reported
as well. TyGI was found to be independently correlated with
hypertension, obesity, central obesity, hyperglycemia, and
dyslipidemia in women with PCOS.(24)

Print [SSN: 2085-3297, Online [SSN: 2355-9179

Figure 1. Positive correlation was
observed between HOMA-IR and
TyGl in PCOS subjects (r=0.117;
p=0.003).

but not glucose levels. In addition, TyGI appears to have a
significant association with the occurrence of IR in PCOS
subjects. Taken together. it can be suggested that TyGI could

be an important marker for PCOS women with IR.
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Triglyceride-glucose Index as A Main Determinant Factor of Insulin Resistance in

PCOS Women

Abstract

Background: The metabolic endocrine disorder Polycystic Ovary Syndrome, also known as
PCOS affects 5-10% of women of childbearing age worldwide. PCOS involves various
potential comorbidities, implicating reproductive and metabolic dysregulation. Insulin
Resistance (IR) is one of the metabolic dysregulation in PCOS with a prevalence of 35%-
80%. Thus, this study aims to correlate the most significant factor between hormone profile,
metabolic-lipid profile, and anthropometric profile with IR in PCOS. Therefore, it is crucial to
determine the association between these factors and insulin resistance occurrence in PCOS.
Researchers aim to identify one of the factors most strongly associated with the incidence of
insulin resistance in PCOS.

Methods: This study was conducted involving 76 PCOS women ranging from 20-35 years old
defined by Rotterdam criteria at Yasmin Fertility Clinic, Cipto Mangunkusumo Hospital,
Jakarta, Indonesia from July-December 2019. Participants were divided into 2 subgroups: 50
subjects of IR and 26 subjects of non-IR. Physical examination, gynaecological ultrasound
examination and blood sampling were carried out on each participant.

FG, fasting glucose,

Results: Age, weight, waist circumference, BMI, post-prandial glucose,
prolactin, LDL, HDL, LH, FSH, TSH, FTI, TG-HDL ratio, LH-FSH ratio, and cholesterol level
showed no significant differences. Contrary to fasting insulin (p = <0.001), SHBG (p = 0.012),
and TG (p = <0.001) showed significant differences among non-IR and IR in PCOS subjects.\

Multivariate analysis showed significant differences in the TG-Glucose Index (p = 0.023).

Conclusion: TG-Glucose index is the most significant factor of IR occurrences in PCOS.

{Commented [1]: FG : Fasting Glucose?

Commented [2]: Please Completed with the data (Mean
+SD), How Abount the correaltion, the Aims of this study
is To correlate the most significant factors?




26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

M2023276 — Triglyceride-glucose Index and Insulin Resistance in PCOS

Keywords: Insulin Resistance, Lipid Metabolism, Polycystic Ovary Syndrome, Triglyceride-

Glucose Index

Introduction

Polycystic Ovarian Syndrome, also known as metabolic-endocrine disorder syndrome, affects
5-10% of reproductive women worldwide. PCOS was diagnosed according to the Rotterdam
criteria, if 2 of the following 3 criteria were present: hyperandrogenism, oligo-anovulation, and
findings of >12 follicles measuring 2-9 mm per ovary or 12-20 antral follicles on high-

frequency probe ultrasound.(1)

Polycystic ovary syndrome (PCOS) is frequently related to several significant multiple

disorders, specifically insulin resistance and hyperandrogenism, which are accompanied by

enduring long-term consequences such as obesity, |Type 2 diabetes mellitus, dyslipidemia,

cardiovascular disease, and endometrial cancer.(2)

Insulin Resistance (IR) is one of the most frequent characteristics of PCOS, with a
prevalence varying from 35 and 80 percent.(3) IR is characterized by a reduced receptors
response to insulin stimulation, which prevents target tissues from delivering glucose into cells,
suppresses lipolysis, stimulates glycogen synthesis, and inhibits hepatic glucose.(4) Insulin
resistance is quite common in women with PCOS. Although the prevalence of insulin
resistance is independent of body mass index, obesity has been reported to be associated with
an increased prevalence of insulin resistance in PCOS. Approximately 55-70% of obese PCOS
experience insulin resistance, while non-obese PCOS show an incidence of insulin resistance
of around 38-40%. This condition is in accordance with several publications which state that
in PCOS, HOMA-IR is positively correlated with waist circumference, triglycerides, chronic

low-grade inflammation, free testosterone, and free androgen index (FAI) and negatively

Commented [3]: Ensuring this state, because type 2
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correlated with HDL cholesterol and steroid hormone binding globulin (SHBG).(5, 6) In
addition, genetic, epigenetic factors, and prenatal androgen exposure are proven to play a
significant role in the incidence of insulin resistance in PCOS women.(7, 8)

As a result, early recognition oflIR, anthropometric profile, hormone profile, metabolic
and lipid profile, in PCOS are crucial for optimal screening, prevention, and intervention. (9)
However, there is a PCOS phenotype that does not show insulin resistance. This may be
influenced by other causes such as central gonadotropin hormone dysregulation and
hyperandrogenic state. (10, 11) |

Compared to healthy women, with the same body mass index (BMI), women with
polycystic ovary syndrome (PCOS) more often experience lipid metabolism disorders, which
are characterized by increased total cholesterol, low-density lipoprotein (LDL), triglycerides,
accompanied by low high-density lipoprotein (HDL) levels. In general, women with PCOS
have a higher average BMI and waist circumference than those women without PCOS. (12)
LH baseline tone and kisspeptin production were shown to be elevated in PCOS compared to
the control group, despite the dynamic expression of the LH to FSH ratio. (13)

It has been widely reported that there are discrepancies in the lipid profile, hormone
profile, anthropometric profile, and metabolic profile between women with PCOS and the
control group concerning the occurrence of hyperandrogenism and insulin resistance.
However, few studies of comparable characters have examined the association between the
mentioned variables and the incidence of insulin resistance among PCOS subjects. (14)

Therefore, it is crucial to determine the association between these factors and insulin
resistance occurrence in PCOS. Researchers aim to identify one of the factors most strongly

associated with the incidence of insulin resistance in PCOS.
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Methods

Study Design

An observational cross-sectional study was conducted on 76 women aged 20-35 years old at
Yasmin Fertility Clinic, Cipto Mangunkusumo Hospital, Jakarta, Indonesia from July to
December 2019. Approval from the Ethics Committee of the Faculty of Medicine, University
of Indonesia and Cipto Mangunkusumo General Hospital, indicated through reference number
929/UN2.F1/ETIK/IX/2017. Participants were then asked to complete an informed consent
form.

Inclusion and Exclusion Criteria

PCOS condition was diagnosed according to the Rotterdam criteria, if 2 of the following 3
criteria were present: hyperandrogenism, oligo-anovulation, and findings of >12 follicles
measuring 2-9 mm per ovary or 12-20 antral follicles on high-frequency probe ultrasound.(1)
This study excludes other following etiologies such as gynecological disorders, adrenal gland
disease, hypothalamic-pituitary axis alterations, excessive prolactinemia, abnormal uterine
bleeding of unknown cause, thromboembolic or cerebrovascular disorders and pregnancy. In
addition, participants who are habitual smoker, consume alcohol, or have taken any hormonal
prescription are not included in this study.

Research Process

This study included 76 reproductive aged women with PCOS were divided into 2 groups,
consisting of 50 PCOS women with insulin resistance and 26 PCOS women without insulin
resistance. Prior to this research, all participants were provided with comprehensive
information of the study and had provided their informed permission. Anamnesis and physical
examination including measurement of waist circumference, body weight, height, and
assessment of hirsutism according to the Ferriman-Gallwey Score (FGS) were carried out on

participants who met the inclusion criteria.
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Each participant fasted for around 8-12 hours beforehand and then collected
approximately 10 ml of their venous blood to be stored in several Vacutainers. Two hours after
consuming a high-calorie intake, or a carbohydrate intake of 75 g, venous blood was collected
to assess 2-hour postprandial glucose status. Samples from venous blood are needed to measure
blood glucose, insulin, Homeostatic Model Assessment for Insulin Resistance (HOMA-IR),
Prolactin levels, total cholesterol, HDL, LDL, Triglycerides, SHBG, FSH, LH, TSH,
testosterone, and Free Testosterone Index (FTI).

Fasting and two hours post-prandial blood glucose were assessed using the
ARCHITECT glucose reagent kit (Abbott Diagnostics, Illinois, USA). Plasma insulin was
measured using the ARCHITECT insulin reagent kit (Abbott Diagnostics, Illinois, USA).
Fasting insulin (IU/ml) multiply by fasting plasma glucose (mg/dL) and divided by 405 was
used to calculate HOMA-IR.

ADVIA Centaur Prolactin Kit (Siemens Healthineers Global, New York, United
States), Sekisui cholesterol (Siemens Healthineers Global, New York, United States), ADVIA
Triglyceride reagent kit (Siemens Healthineers Global, New York, United States) and ADVIA
Centaur Immunoassay SHBG Kit (Siemens Healthineers Global, New York, USA) were used
to assess cholesterol prolactin total, HDL-C, LDL-C, Triglycerides and SHBG respectively.

ADVIA Chemical TSH Reagent Kit (Siemens Healthineers Global, New York, USA),
ADVIA Centaur LH Kit (Siemens Healthineers Global, New York, United States), and ADVIA
Centaur FSH Kit (Siemens Healthineers Global, New York, United States) were used for
determine the concentrations of TSH, LH and FSH respectively.

Testosterone levels were measured using the Testosterone kit (Roche Diagnostics,
Risch-Rotkreuz, Switzerland), and total testosterone (nmol/L) divided by SHBG (nmol/L)

multiplied by 100 is the formula used to calculate the Free Testosterone Index (FT1). Excessive
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terminal hair growth in certain areas of the female body that is specific to males, called
hirsutism, is measured by the visual instrument Ferriman Gallwey score (FGS).

During the FGS examination, nine androgen sensitive areas were assessed, and each
area was assigned a score between 1 and 4 based on the density of hair growth. Areas studied
include upper lip, mandible, chest, upper abdomen, lower abdomen, upper arms, upper back
and lower back. Hirsutism diagnosis rates vary depending on race and ethnicity. As a final
result of FGS, the equal cumulative score of 8 or higher is consistent with hirsutism.

The subjects were classified into 2 groups based on the presence of insulin resistance.
Insulin resistance was defined by a high score of HOMA-IR. \The cut-off for HOMA-IR in this
study was set at 2.69.\ The primary outcome of this study was the association between
anthropometric and lipid profiles with insulin resistance and also factors that contribute to the
insulin resistance condition in PCOS women.

Data analysis was performed using the Statistical Package for the Social Sciences
(SPSS), version 17.0, SPSS Inc., Chicago, Illinois, USA. The mean, median, and standard
deviation were obtained through univariate analysis, which was then followed by bivariate
analysis to assess differences between the 2 groups, namely PCOS with insulin resistance and
PCOS without insulin resistance, using an independent T test, and the Mann-Whitney U test
involving independent variables include age, body mass index (BMI), weight, height, waist
circumference, fasting glucose, 2 hours postprandial glucose, fasting insulin, HOMA-IR, LDL,
HDL, triglycerides, SHBG, TSH, LH, FSH, and testosterone. A p value of less than or equal to
0.05 is considered statistically significant and logistic regression analysis is applied to several

independent variables that have a p-value of less than 0.25.

Results
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Seventy-six women with PCOS were recruited into this study, which were then divided into 2
groups; 24 PCOS with insulin resistance and 52 PCOS without insulin resistance. The median
age of the subjects was 28 (23-35) years, with the BMI mostly classified as overweight
(according to the Asia Pacific World Health Organization classification), and indicating central
obesity (81.57%). Average fasting glucose level of subjects was 89.33 + 7.77 mg/dL, while
average postprandial glucose level was 112.5 (56-237) mg/dL. As for the lipid profile of
subjects, the median LDL was 128.5 (59-239) mg/dL, the average HDL was 42.51+6.59
mg/dL, and the median triglyceride was 109.5 (45-390) mg/dL. A total of 65.8% of participants
had insulin resistance in this study. Participant characteristics are shown in Table I.

Using bivariate analysis, significant differences between insulin resistance and some
variables such as fasting insulin level (p < 0.001), triglyceride level (p = 0.001), SHBG level
(p =0.032), TSHs level (p = 0.041), and triglyceride/HDL level (p = 0.003). The result of the
bivariate analysis in this study can be found in Table II.

Multivariate analysis was carried out using logistic regression, involving 13 variables
with a p-value of less than 0.25. Among these variables, body mass index and triglyceride were
found to be important determinants of insulin resistance conditions in PCOS participants. The
result of the multivariate analysis in this study can be found in Table I1I.

Based on correlation analysis, there was no association between insulin levels and
SHBG production in PCOS women with and without insulin resistance. The result of the
correlation analysis in this study can be found in Table IV.

Based on correlation analysis we observed a weak positive correlation between the TG-
glucose index and HOMA-IR with (p = 0.003) and (r = 0.117). The result of the correlation

analysis in this study can be found in Figure 1.

Discussion|
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This research was conducted to determine the various factors impacting insulin resistance
conditions in PCOS subjects. Insulin resistance is characterized by a decrease in insulin
sensitivity and an increase in insulin necessity for metabolism. Indirectly, insulin resistance
was determined by multiplying fasting insulin by fasting glucose and dividing the result by
405. This study applied a cut-off of 2.69 for insulin resistance, which matches studies
conducted on Chinese PCOS subjects (15). In this study, the insulin resistance of 76 PCOS
participants was evaluated. Fifty (65.8%) of the individuals were determined to have insulin
resistance with Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) values of
2.69 or greater (15).

Attributing to insulin resistance, the HOMA-IR cut-off value determined in this study
is consistent with the HOMA-IR results obtained from the Asian PCOS subjects (7). HOMA-
IR appears to be equally prevalent in European populations. This is likely due to the similarity
between HOMA-IR examination methods. However, the Croatian PCOS population was
reported to have a higher HOMA-IR value, which may correlate with the participant’s Body
Mass Index (BMI). (16)

Insulin resistance and hyperinsulinemia are known to have a negative impact on
metabolic effects of the adipose tissue i.e. decreased glucose uptake, increased lipid
accumulation, and decreased lipid decomposition; decreased insulin sensitivity in skeletal
muscle; decreased glycogen synthesis, decreased Sex Hormone-Binding Globulin (SHBG)
secretion, and increased Insulin-Like Growth Factor-1 (IGF-1) in the liver. In addition, high
insulin levels in women with insulin resistance have a negative impact on reproductive
function, specifically an increased Luteinizing Hormone (LH) production by the Anterior
Pituitary as a result of an increased Gonadotropin-Releasing Hormone (GnRH) pulsatile
release in the Hypothalamus. (8) Hyperinsulinemia condition can also disrupt the balance

between the Hypothalamic Pituitary Ovary (HPO) Axis and the Hypothalamic Pituitary
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Adrenal (HPA), this is due to an increased Adrenocorticotropic Hormone (ACTH) by the
adrenal glands. (8)

In our study, PCOS subjects with insulin resistance had lower SHBG levels than PCOS
subjects without insulin resistance. This finding is consistent with findings from numerous
studies addressing the decreased production of SHBG in PCOS women with insulin resistance.
This condition correlates with insulin resistance which will lead to increased delivery of
monosaccharides to the liver; increased lipolysis of adipose tissue, which produces non-
esterified fatty acids (NEFA), which stimulate gluconeogenesis and lipogenesis; increase in the
proinflammatory cytokine TNF-alpha; as well as an increase in De Novo Lipogenesis (DNL)
followed by a decrease in HNF-4 alpha production and ends with a decrease in SHBG
production. (17)

In this study, the PCOS group with insulin resistance had lesser LDL levels, whereas
there was no difference in HDL levels between the two groups. Furthermore, the PCOS group
with insulin resistance had higher triglycerides (TG) levels, and TG to HDL ratios compared
to PCOS groups without insulin resistance. (18) [Multivariate analysis showed a significant
association between the TG-Glucose index and insulin resistance in PCOS.

Dyslipidemia is a common metabolic complication affecting up to 70% of PCOS-
affected women. Multiple factors are known to contribute to the disruption of lipid metabolism
and dyslipidemia. Insulin Resistance performs a crucial role by predominantly stimulating
lipolysis and altering the expression of lipoprotein lipase and hepatic lipase. Under conditions
of insulin resistance, non-esterified fatty acids are transported from muscle and adipose tissue
to the liver, thereby augmenting the substrate for TG biosynthesis. (18, 19)

In this study, the PCOS group with insulin resistance had higher triglyceride levels than
the PCOS group without insulin resistance, but the ratio of triglyceride to HDL and fasting

triglyceride-glucose index did not differ between the two groups. In contrast, multivariate
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analysis revealed a substantial association between the fasting triglyceride-glucose index and
the occurrence of IR in PCOS.

In China, Peru, India, and Taiwan, researchers found a significant correlation between
TG/HDL and the incidence of insulin resistance in polycystic ovary syndrome (PCOS). (5, 20)
However, our findings are consistent with the study conducted on African-American
populations (21, 22), which indicates that the Triglyceride to HDL ratio is unreliable for
determining insulin resistance.

In addition, as an IR marker for PCOS, the fasting triglyceride-glucose index is a
practical and inexpensive test with a high degree of reliability, in accordance with the findings
of our study which are validated by studies conducted in Iran, Iraq and China. (5, 23, 24)

Weight reduction of about 5-10% is recommended for overweight and obese women,
in an energy deficit of 30% or 500-750 kcal/day (1200-1500 kcal/day) applied. Weight loss
will result in a significant reduction in total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), and fasting insulin. (25, 26) This has shown a significant improvement
in secondary reproductive outcomes such as a decrease in free androgen index (FAl),
testosterone (T), hirsutism (Ferriman-Gallwey score), and increasement in sex hormone-
binding globulin (SHBG). In addition, a weight reduction of more than five percent can
significantly improve menstrual periods, increase fertilization, increase live births, follicular
development and reduce ovarian volume. (25, 26)

Research has shown that dietary patterns have a significant role in the management of
polycystic ovary syndrome (PCOS). It is recommended that subjects with PCOS uphold
specific diet namely low-fat, high-protein, low-glycemic index (GI) to glycemic load (GL)
ratio, and enriched with monounsaturated fatty acid (MUFA). (25). A study revealed that
adopting a nutritious diet that includes adequate amounts of fruits, vegetables, whole grains,

seeds, nuts, legumes, and low-fat dairy, whereas mostly consisting of carbohydrates with a low
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glycemic index, is the optimal approach for decreasing insulin resistance. In addition, a
vegetarian diet showed a decrease in inflammatory markers (CRP, resistin, and adiponectin)
when compared with a meat-based diet. According to the international evidence-based
guideline for the assessment and management of PCOS (2018), individuals are recommended
to engage in 150 minutes of moderate physical activity or 75 minutes of vigorous physical
activity each week to avoid weight gain. For weight reduction and prevention of weight regain,
a higher level of physical activity is advised, particularly 250 minutes of moderate physical
activity or 150 minutes of vigorous physical activity exercise per week. (27) In addition, there
were significant negative correlations between the suggested intake of several micronutrients
(vitamin C, B6, niacin, and iron) and the FAI development in PCOS women. (28)

The study's sample size is constrained and certain exclusion criteria obtained solely
from anamnesis and physical examination such as moderate adrenal gland disease,
thromboembolic disorder, alcohol intake, and frequent smoking, all of which may impact the

statistical power of this study.

Conclusion

This study is conducted to determine the association of lipid profile, hormone profile,
anthropometric profile, and metabolic profile among PCOS subjects with insulin resistance. In
this study, triglyceride was found higher in PCOS with insulin resistance compared to PCOS
without insulin resistance. The results of the bivariate analysis showed no difference in the
triglyceride-glucose index between PCOS with insulin resistance and PCOS without insulin
resistance. IThe triglyceride-glucose index appears to have a significant association with the
recommended to continue the study by expanding the PCOS subjects with varying BMI and

matched controls.
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Figures/Tables

Table I. Characteristics of the Study Population

Characteristic Value (n =76)
Demographic and Anthropometric Profile

Age 28 (23 — 35) years
Weight 71.87 £13.15kg

Waist Circumference 92.01+£9.80cm

Body Mass Index 27.78 (20.75 — 39.77) kg/m?
Ferriman-Gallwey Score 3(1-11)

Metabolic and Lipid Profile

Fasting Glucose 89.33 £ 7.77 mg/dL
Postprandial Glucose 112.5 (56 — 237) mg/dL
Fasting Insulin 14 (9 — 37) pIU/mL
LDL 128.5 (59 — 239) mg/dL
HDL 42.51 + 6.59 mg/dL
Triglyceride 109.5 (45 — 390) mg/dL
TG to HDL Ratio 2.59 (0.85-10)

LDL to HDL Ratio 3.25+0.77

TG to BMI Ratio 3.695 (1.49 — 16.53)
Hormone Profile

LH to FSH Ratio 1.76 + 0.84 uIU/mL
SHBG 21.5 (7 —66) nmol/l
TSH 2 (0-9) WlU/mL

LH 10.68 + 4.48 uIU/mL
FSH 6 (2 — 10) pIU/mL
Prolactin 9 (4 - 32) ng/mL

FTI 5(1-31) ng/dL

Note: Numerical variables with normal data distribution are presented as mean * standard
deviation, while numerical variables with abnormal data distribution are presented as median
(minimum-maximum value).

Abbreviations: HDL = High-Density Lipoprotein, LDL = Low-Density Lipoprotein, TG =
Triglyceride, BMI = Body Mass Index, LH = Luteinizing Hormone, FSH = Follicle Stimulating
Hormone, SHBG = Sex Hormone-Binding Globulin, TSH = Thyroid Stimulating Hormone,
FTI = Free Testosterone Index.
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Table Il. Characteristic Comparison of Insulin Resistance and Non-Insulin Resistance

among PCOS Women

Characteristic Group p value
Non-Insulin Insulin Resistance
Resistance
Demographic and Anthropometric Profile
Age (years) 28.05 +2.86 28.28 +3.46 0.708
Weight (kg) 68.05 + 13.23 73.23+12.98 0.131
Waist Circumference (cm) 89.08 + 8.67 93.54 + 10.07 0.731
Body Mass Index (kg/m?)  26.95 (20.75 — 29.49 (21.91 - 0.204
34.10) 39.77)
Ferriman-Gallwey Score 2(1-9) 3(1-11) 0.298
Metabolic and Lipid Profile
Fasting Glucose (mg/dL) 87.3+£6.7 90.3+8.1 0.198
Postprandial Glucose109 (56 — 155) 127 (61 —237) 0.128
(mg/dL)
Fasting Insulin (uIU/ml) 10 (9-13) 18 (12 -37) <0.001
Triglyceride (mg/dL) 85 (45 — 236) 123 (65 — 390) <0,001
TG to HDL Ratio 2.4 (0.85 — 6.50) 3.6 (1.17 - 10) 0.078
LDL to HDL Ratio 3.29+0.48 3.23+0.86 0.736
TG Glucose Index 4248 (1680 —9393) 6687 (2503 —17.940)  0.238
Total Cholesterol (mg/dL) 206.79 +21.20 203.98 + 39.98 0.696
Hormone Profile
Prolactin (ng/ml) 9 (5-26) 9.5(4-32) 0.831
SHBG (nmol/l) 29 (10 - 50) 21.8 (10 — 50) 0.012
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TSH (uIU/ml) 2.2(1-9) 2.0 (1-6) 0.426
LH (uIU/ml) 10.10 + 4.48 10.89 + 4.50 0.500
FSH (uIU/ml) 6(3-8) 7 (2-10) 0.078
FTI 4(2-31) 6(1-18) 0.108
LH to FSH Ratio 1.90 + 1.13 1.71+0.72 0.489

Note: Numerical variables with normal data distribution were analyzed using an independent
T-test and are presented as mean + standard deviation, while numerical variables with abnormal
data distribution were analyzed using the Mann-Whitney test and are presented as median

(minimum-maximum value).

Abbreviations: HDL = High-Density Lipoprotein, LDL = Low-Density Lipoprotein, TG =
Triglyceride, BMI = Body Mass Index, LH = Luteinizing Hormone, FSH = Follicle Stimulating
Hormone, SHBG = Sex Hormone-Binding Globulin, TSH = Thyroid Stimulating Hormone,

FTI = Free Testosterone Index.

Table I11. Multivariate Regression Analysis.

Biochemical Odds Ratio 95% Confidence p Value
Parameter Interval
Triglyceride 5.625 1.668 — 18.971 0.005

Glucose Index

Abbreviations: OR = Odds Ratio, Cl = Confidence Interval.
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401  Table IV. Correlation between SHBG and Insulin among PCOS Subjects with Insulin

402  Resistance and without Insulin Resistance.

Variables SHBG PCOS Non-IR SHBG PCOS IR

Insulin PCOS Non-IR  r: -0.278

p: 0.169

r:-0.168
Insulin PCOS IR
p: 0.239

403
404  Abbreviations: IR = Insulin Resistance, p = p value, PCOS = Polycystic Ovary Syndrome, r =

405  Coefficient Correlation, SHBG = Sex Hormone-Binding Globulin.
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416  Figure 1. Triglyceride-Glucose Index
417  Note: The Correlation Curve between HOMA-IR and Triglyceride Glucose Index (r = 0.117;
418  p=0.003)
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Triglyceride-glucose Index as A Main Determinant Factor of Insulin Resistance in

PCOS Women

Abstract

Background: The metabolic endocrine disorder Polycystic Ovary Syndrome, also known as
PCOS affects 5-10% of women of childbearing age worldwide. PCOS involves various
potential comorbidities, implicating reproductive and metabolic dysregulation. Insulin

Resistance (IR) is one of the metabolic dysregulation in PCOS with a prevalence of 35%-

80%. Thus, this study aims to correlate the most significant factor between |hormone profile,
metabolic-lipid profile, and anthropometric profile with IR in PCOS. Therefore, it is crucial to
determine the association between these factors and insulin resistance occurrence in PCOS.
Researchers aim to identify one of the factors most strongly associated with the incidence of
insulin resistance in PCOS.

\Methods]: This study was conducted involving 76 PCOS women ranging from 20-35 years old
defined by Rotterdam criteria at Yasmin Fertility Clinic, Cipto Mangunkusumo Hospital,
Jakarta, Indonesia from July-December 2019. Participants were divided into 2 subgroups: 50
subjects of IR and 26 subjects of non-IR. Physical examination, gynaecological ultrasound
examination and blood sampling were carried out on each participant.

Results: Age, weight, waist circumference, BMI, FG, fasting glucose, post-prandial glucose,
prolactin, LDL, HDL, LH, FSH, TSH, FTI, TG-HDL ratio, LH-FSH ratio, and cholesterol level
showed no significant differences. Contrary to fasting insulin (p = <0.001), SHBG (p = 0.012),
and TG (p = <0.001) showed significant differences among non-IR and IR in PCOS subjects.
Multivariate analysis showed significant differences in the TG-Glucose Index (p = 0.023).

Conclusion: TG-Glucose index is the most significant factor of IR occurrences in PCOS.

[Commented [YL1]: Which hormone?
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index?
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Keywords: Insulin Resistance, Lipid Metabolism, Polycystic Ovary Syndrome, Triglyceride-

Glucose Index

Introduction

Polycystic Ovarian Syndrome, also known as metabolic-endocrine disorder syndrome, affects
5-10% of reproductive women worldwide. PCOS was diagnosed according to the Rotterdam
criteria, if 2 of the following 3 criteria were present: hyperandrogenism, oligo-anovulation, and
findings of >12 follicles measuring 2-9 mm per ovary or 12-20 antral follicles on high-

frequency probe ultrasound.(1)

Polycystic ovary syndrome (PCOS) is frequently related to several significant multiple
disorders, specifically insulin resistance and hyperandrogenism, which are accompanied by
enduring long-term consequences such as obesity, Type 2 diabetes mellitus, dyslipidemia,

cardiovascular disease, and endometrial cancer.(2)

Insulin Resistance (IR) is one of the most frequent characteristics of PCOS, with a
prevalence varying from 35 and 80 percent.(3) IR is characterized by a reduced receptors
response to insulin stimulation, which prevents target tissues from delivering glucose into cells,
suppresses lipolysis, stimulates glycogen synthesis, and inhibits hepatic glucose.(4) Insulin
resistance is quite common in women with PCOS. Although the prevalence of insulin
resistance is independent of body mass index, obesity has been reported to be associated with
an increased prevalence of insulin resistance in PCOS. Approximately 55-70% of obese PCOS
experience insulin resistance, while non-obese PCOS show an incidence of insulin resistance
of around 38-40%. This condition is in accordance with several publications which state that
in PCOS, HOMA-IR is positively correlated with waist circumference, triglycerides, chronic

low-grade inflammation, free testosterone, and free androgen index (FAI) and negatively
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correlated with HDL cholesterol and steroid hormone binding globulin (SHBG).(5, 6) In
addition, genetic, epigenetic factors, and prenatal androgen exposure are proven to play a
significant role in the incidence of insulin resistance in PCOS women.(7, 8)

As aresult, early recognition of IR, anthropometric profile, hormone profile, metabolic
and lipid profile, in PCOS are crucial for optimal screening, prevention, and intervention. (9)
However, there is a PCOS phenotype that does not show insulin resistance. This may be
influenced by other causes such as central gonadotropin hormone dysregulation and
hyperandrogenic state. (10, 11)

Compared to healthy women, with the same body mass index (BMI), women with
polycystic ovary syndrome (PCOS) more often experience lipid metabolism disorders, which
are characterized by increased total cholesterol, low-density lipoprotein (LDL), triglycerides,
accompanied by low high-density lipoprotein (HDL) levels. In general, women with PCOS
have a higher average BMI and waist circumference than those women without PCOS. (12)
LH baseline tone and kisspeptin production were shown to be elevated in PCOS compared to
the control group, despite the dynamic expression of the LH to FSH ratio. (13)

It has been widely reported that there are discrepancies in the lipid profile, hormone
profile, anthropometric profile, and metabolic profile between women with PCOS and the
control group concerning the occurrence of hyperandrogenism and insulin resistance.
However, few studies of comparable characters have examined the association between the
mentioned variables and the incidence of insulin resistance among PCOS subjects. (14)

Therefore, it is crucial to determine the association between these factors and insulin
resistance occurrence in PCOS. \Researchers aim to identify one of the factors most strongly

associated with the incidence of insulin resistance in PCOS.

Commented [YL3]: There is a need for a sharper
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Methods

Study Design

An observational cross-sectional study was conducted on 76 women aged 20-35 years old at
Yasmin Fertility Clinic, Cipto Mangunkusumo Hospital, Jakarta, Indonesia from July to
December 2019. Approval from the Ethics Committee of the Faculty of Medicine, University
of Indonesia and Cipto Mangunkusumo General Hospital, indicated through reference number
929/UN2.F1/ETIK/IX/2017. Participants were then asked to complete an informed consent
form.

Inclusion and Exclusion Criteria

PCOS condition was diagnosed according to the Rotterdam criteria, if 2 of the following 3
criteria were present: hyperandrogenism, oligo-anovulation, and findings of >12 follicles
measuring 2-9 mm per ovary or 12-20 antral follicles on high-frequency probe ultrasound.(1)
This study excludes other following etiologies such as gynecological disorders, ladrenal gland
disease, hypothalamic-pituitary axis alterations,l excessive prolactinemia, abnormal uterine
bleeding of unknown cause, thromboembolic or cerebrovascular disorders and pregnancy. In
addition, participants who are habitual smoker, consume alcohol, or have taken any hormonal
prescription are not included in this study.

Research Process

This study included 76 reproductive aged women with PCOS were divided into 2 groups,
consisting of 50 PCOS women with insulin resistance and 26 PCOS women without insulin
resistance. Prior to this research, all participants were provided with comprehensive
information of the study and had provided their informed permission. Anamnesis and physical
examination including measurement of waist circumference, body weight, height, and
assessment of hirsutism according to the Ferriman-Gallwey Score (FGS) were carried out on

participants who met the inclusion criteria.
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Each participant fasted for around 8-12 hours beforehand and then collected
approximately 10 ml of their venous blood to be stored in several Vacutainers. [Two hours after
consuming a high-calorie intake, or a carbohydrate intake of 75 g, venous blood was collected
to assess 2-hour postprandial glucose status. $amples from venous blood are needed to measure
blood glucose, insulin, Homeostatic Model Assessment for Insulin Resistance (HOMA-IR),
Prolactin levels, total cholesterol, HDL, LDL, Triglycerides, SHBG, FSH, LH, TSH,
testosterone, and Free Testosterone Index (FTI).

Fasting and two hours post-prandial blood glucose were assessed using the
ARCHITECT glucose reagent kit (Abbott Diagnostics, Illinois, USA). Plasma insulin was
measured using the ARCHITECT insulin reagent kit (Abbott Diagnostics, Illinois, USA).
Fasting insulin (IU/ml) multiply by fasting plasma glucose (mg/dL) and divided by 405 was
used to calculate HOMA-IR.

ADVIA Centaur Prolactin Kit (Siemens Healthineers Global, New York, United
States), Sekisui cholesterol (Siemens Healthineers Global, New York, United States), ADVIA
Triglyceride reagent kit (Siemens Healthineers Global, New York, United States) and ADVIA
Centaur Immunoassay SHBG Kit (Siemens Healthineers Global, New York, USA) were used
to assess cholesterol prolactin total, HDL-C, LDL-C, Triglycerides and SHBG respectively.

ADVIA Chemical TSH Reagent Kit (Siemens Healthineers Global, New York, USA),
ADVIA Centaur LH Kit (Siemens Healthineers Global, New York, United States), and ADVIA
Centaur FSH Kit (Siemens Healthineers Global, New York, United States) were used for
determine the concentrations of TSH, LH and FSH respectively.

Testosterone levels were measured using the Testosterone kit (Roche Diagnostics,
Risch-Rotkreuz, Switzerland), and total testosterone (nmol/L) divided by SHBG (nmol/L)

multiplied by 100 is the formula used to calculate the Free Testosterone Index (FTI). Excessive

Commented [YL7]: For what purposed in this current
study?
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terminal hair growth in certain areas of the female body that is specific to males, called
hirsutism, is measured by the visual instrument Ferriman Gallwey score (FGS).

During the FGS examination, nine androgen sensitive areas were assessed, and each
area was assigned a score between 1 and 4 based on the density of hair growth. Areas studied
include upper lip, mandible, chest, upper abdomen, lower abdomen, upper arms, upper back
and lower back. Hirsutism diagnosis rates vary depending on race and ethnicity. As a final
result of FGS, the equal cumulative score of 8 or higher is consistent with hirsutism.

The subjects were classified into 2 groups based on the presence of insulin resistance.
Insulin resistance was defined by a high score of HOMA-IR. The cut-off for HOMA-IR in this
study was set at 2.69. The primary outcome of this study was the association between
anthropometric and lipid profiles with insulin resistance and also factors that contribute to the
insulin resistance condition in PCOS women.

Data analysis was performed using the Statistical Package for the Social Sciences
(SPSS), version 17.0, SPSS Inc., Chicago, Illinois, USA. The mean, median, and standard
deviation were obtained through univariate analysis, which was then followed by bivariate
analysis to assess differences between the 2 groups, namely PCOS with insulin resistance and
PCOS without insulin resistance, using an independent T test, and the Mann-Whitney U test
involving independent variables include age, body mass index (BMI), weight, height, waist
circumference, fasting glucose, 2 hours postprandial glucose, fasting insulin, HOMA-IR, LDL,
HDL, triglycerides, SHBG, TSH, LH, FSH, and testosterone. A p value of less than or equal to
0.05 is considered statistically significant and logistic regression analysis is applied to several

independent variables that have a p-value of less than 0.25.

Results
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Seventy-six women with PCOS were recruited into this study, which were then divided into 2

groups; 24 PCOS with insulin resistance and 52 PCOS without insulin resistance\. The median
age of the subjects was 28 (23-35) years, with the BMI mostly classified as overweight
(according to the Asia Pacific World Health Organization classification), and indicating central
obesity (81.57%). Average fasting glucose level of subjects was 89.33 + 7.77 mg/dL, while
average postprandial glucose level was 112.5 (56-237) mg/dL. As for the lipid profile of
subjects, the median LDL was 128.5 (59-239) mg/dL, the average HDL was 42.51+6.59
mg/dL, and the median triglyceride was 109.5 (45-390) mg/dL. A total of 65.8% of participants
had insulin resistance in this study. Participant characteristics are shown in Table I.

Using bivariate analysis, significant differences between insulin resistance and some
variables such as fasting insulin level (p < 0.001), triglyceride level (p = 0.001), SHBG level
(p =0.032), TSHs level (p = 0.041), and triglyceride/HDL level (p = 0.003). The result of the
bivariate analysis in this study can be found in Table II.

Multivariate analysis was carried out using logistic regression, involving 13 variables
with a p-value of less than 0.25. Among these variables, body mass index and triglyceride were
found to be important determinants of insulin resistance conditions in PCOS participants. The
result of the multivariate analysis in this study can be found in Table I1I.

Based on correlation analysis, there was no association between insulin levels and
SHBG production in PCOS women with and without insulin resistance. The result of the
correlation analysis in this study can be found in Table IV.

Based on correlation analysis we observed a weak positive correlation between the TG-
glucose index and HOMA-IR with (p = 0.003) and (r = 0.117). The result of the correlation

analysis in this study can be found in Figure 1.

Discussion
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This research was conducted to determine the various factors impacting insulin resistance
conditions in PCOS subjects. Insulin resistance is characterized by a decrease in insulin
sensitivity and an increase in insulin necessity for metabolism. Indirectly, insulin resistance
was determined by multiplying fasting insulin by fasting glucose and dividing the result by
405. This study applied a cut-off of 2.69 for insulin resistance, which matches studies
conducted on Chinese PCOS subjects (15). In this study, the insulin resistance of 76 PCOS
participants was evaluated. Fifty (65.8%) of the individuals were determined to have insulin
resistance with Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) values of
2.69 or greater (15).

Attributing to insulin resistance, the HOMA-IR cut-off value determined in this study
is consistent with the HOMA-IR results obtained from the Asian PCOS subjects (7). HOMA-
IR appears to be equally prevalent in European populations. This is likely due to the similarity
between HOMA-IR examination methods. However, the Croatian PCOS population was
reported to have a higher HOMA-IR value, which may correlate with the participant’s Body
Mass Index (BMI). (16)

Insulin resistance and hyperinsulinemia are known to have a negative impact on
metabolic effects of the adipose tissue i.e. decreased glucose uptake, increased lipid
accumulation, and decreased lipid decomposition; decreased insulin sensitivity in skeletal
muscle; decreased glycogen synthesis, decreased Sex Hormone-Binding Globulin (SHBG)
secretion, and increased Insulin-Like Growth Factor-1 (IGF-1) in the liver. In addition, high
insulin levels in women with insulin resistance have a negative impact on reproductive
function, specifically an increased Luteinizing Hormone (LH) production by the Anterior
Pituitary as a result of an increased Gonadotropin-Releasing Hormone (GnRH) pulsatile
release in the Hypothalamus. (8) Hyperinsulinemia condition can also disrupt the balance

between the Hypothalamic Pituitary Ovary (HPO) Axis and the Hypothalamic Pituitary
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Adrenal (HPA), this is due to an increased Adrenocorticotropic Hormone (ACTH) by the
adrenal glands. (8)

In our study, PCOS subjects with insulin resistance had lower SHBG levels than PCOS
subjects without insulin resistance. This finding is consistent with findings from numerous
studies addressing the decreased production of SHBG in PCOS women with insulin resistance.
This condition correlates with insulin resistance which will lead to increased delivery of
monosaccharides to the liver; increased lipolysis of adipose tissue, which produces non-
esterified fatty acids (NEFA), which stimulate gluconeogenesis and lipogenesis; increase in the
proinflammatory cytokine TNF-alpha; as well as an increase in De Novo Lipogenesis (DNL)
followed by a decrease in HNF-4 alpha production and ends with a decrease in SHBG
production. (17)

In this study, the PCOS group with insulin resistance had lesser LDL levels, whereas
there was no difference in HDL levels between the two groups. Furthermore, the PCOS group
with insulin resistance had higher triglycerides (TG) levels, and TG to HDL ratios compared
to PCOS groups without insulin resistance. (18) Multivariate analysis showed a significant
association between the TG-Glucose index and insulin resistance in PCOS.

Dyslipidemia is a common metabolic complication affecting up to 70% of PCOS-
affected women. Multiple factors are known to contribute to the disruption of lipid metabolism
and dyslipidemia. Insulin Resistance performs a crucial role by predominantly stimulating
lipolysis and altering the expression of lipoprotein lipase and hepatic lipase. Under conditions
of insulin resistance, non-esterified fatty acids are transported from muscle and adipose tissue
to the liver, thereby augmenting the substrate for TG biosynthesis. (18, 19)

In this study, the PCOS group with insulin resistance had higher triglyceride levels than
the PCOS group without insulin resistance, but the ratio of triglyceride to HDL and fasting

triglyceride-glucose index did not differ between the two groups. In contrast, multivariate
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analysis revealed a substantial association between the fasting triglyceride-glucose index and
the occurrence of IR in PCOS.

In China, Peru, India, and Taiwan, researchers found a significant correlation between
TG/HDL and the incidence of insulin resistance in polycystic ovary syndrome (PCOS). (5, 20)
However, our findings are consistent with the study conducted on African-American
populations (21, 22), which indicates that the Triglyceride to HDL ratio is unreliable for
determining insulin resistance.

In addition, as an IR marker for PCOS, the fasting triglyceride-glucose index is a
practical and inexpensive test with a high degree of reliability, in accordance with the findings
of our study which are validated by studies conducted in Iran, Iraq and China. (5, 23, 24)

Weight reduction of about 5-10% is recommended for overweight and obese women,
in an energy deficit of 30% or 500-750 kcal/day (1200-1500 kcal/day) applied. Weight loss
will result in a significant reduction in total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), and fasting insulin. (25, 26) This has shown a significant improvement
in secondary reproductive outcomes such as a decrease in free androgen index (FAl),
testosterone (T), hirsutism (Ferriman-Gallwey score), and increasement in sex hormone-
binding globulin (SHBG). In addition, a weight reduction of more than five percent can
significantly improve menstrual periods, increase fertilization, increase live births, follicular
development and reduce ovarian volume. (25, 26)

Research has shown that dietary patterns have a significant role in the management of
polycystic ovary syndrome (PCOS). It is recommended that subjects with PCOS uphold
specific diet namely low-fat, high-protein, low-glycemic index (GI) to glycemic load (GL)
ratio, and enriched with monounsaturated fatty acid (MUFA). (25). A study revealed that
adopting a nutritious diet that includes adequate amounts of fruits, vegetables, whole grains,

seeds, nuts, legumes, and low-fat dairy, whereas mostly consisting of carbohydrates with a low
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glycemic index, is the optimal approach for decreasing insulin resistance. In addition, a
vegetarian diet showed a decrease in inflammatory markers (CRP, resistin, and adiponectin)
when compared with a meat-based diet. According to the international evidence-based
guideline for the assessment and management of PCOS (2018), individuals are recommended
to engage in 150 minutes of moderate physical activity or 75 minutes of vigorous physical
activity each week to avoid weight gain. For weight reduction and prevention of weight regain,
a higher level of physical activity is advised, particularly 250 minutes of moderate physical
activity or 150 minutes of vigorous physical activity exercise per week. (27) In addition, there
were significant negative correlations between the suggested intake of several micronutrients
(vitamin C, B6, niacin, and iron) and the FAI development in PCOS women. (28)

The study's sample size is constrained and certain exclusion criteria obtained solely
from anamnesis and physical examination such as moderate adrenal gland disease,
thromboembolic disorder, alcohol intake, and frequent smoking, all of which may impact the

statistical power of this study.

Conclusion

This study is conducted to determine the association of lipid profile, hormone profile,
anthropometric profile, and metabolic profile among PCOS subjects with insulin resistance. In
this study, triglyceride was found higher in PCOS with insulin resistance compared to PCOS
without insulin resistance. The results of the bivariate analysis showed no difference in the
triglyceride-glucose index between PCOS with insulin resistance and PCOS without insulin
resistance. The triglyceride-glucose index appears to have a significant association with the
occurrence of insulin resistance in PCOS, based on the results of the multivariate analysis. It is
recommended to continue the study by expanding the PCOS subjects with varying BMI and

matched controls.
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Figures/Tables

Table I. Characteristics of the Study Population

Characteristic Value (n =76)
Demographic and Anthropometric Profile

Age 28 (23 — 35) years
Weight 71.87 £13.15kg

Waist Circumference 92.01+£9.80cm

Body Mass Index 27.78 (20.75 — 39.77) kg/m?
Ferriman-Gallwey Score 3(1-11)

Metabolic and Lipid Profile

Fasting Glucose 89.33 £ 7.77 mg/dL
Postprandial Glucose 112.5 (56 — 237) mg/dL
Fasting Insulin 14 (9 — 37) pIU/mL
LDL 128.5 (59 — 239) mg/dL
HDL 42.51 + 6.59 mg/dL
Triglyceride 109.5 (45 — 390) mg/dL
TG to HDL Ratio 2.59 (0.85-10)

LDL to HDL Ratio 3.25+0.77

TG to BMI Ratio 3.695 (1.49 — 16.53)
Hormone Profile

LH to FSH Ratio 1.76 + 0.84 uIU/mL
SHBG 21.5 (7 —66) nmol/l
TSH 2 (0-9) WlU/mL

LH 10.68 + 4.48 uIU/mL
FSH 6 (2 — 10) pIU/mL
Prolactin 9 (4 - 32) ng/mL

FTI 5(1-31) ng/dL

Note: Numerical variables with normal data distribution are presented as mean + standard
deviation, while numerical variables with abnormal data distribution are presented as median
(minimum-maximum value).

Abbreviations: HDL = High-Density Lipoprotein, LDL = Low-Density Lipoprotein, TG =
Triglyceride, BMI = Body Mass Index, LH = Luteinizing Hormone, FSH = Follicle Stimulating
Hormone, SHBG = Sex Hormone-Binding Globulin, TSH = Thyroid Stimulating Hormone,
FTI = Free Testosterone Index.
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Table Il. Characteristic Comparison of Insulin Resistance and Non-Insulin Resistance

among PCOS Women

Characteristic Group p value
Non-Insulin Insulin Resistance
Resistance
Demographic and Anthropometric Profile
Age (years) 28.05 +2.86 28.28 +3.46 0.708
Weight (kg) 68.05 + 13.23 73.23+12.98 0.131
Waist Circumference (cm) 89.08 + 8.67 93.54 + 10.07 0.731
Body Mass Index (kg/m?)  26.95 (20.75 — 29.49 (21.91 - 0.204
34.10) 39.77)
Ferriman-Gallwey Score 2(1-9) 3(1-11) 0.298
Metabolic and Lipid Profile
Fasting Glucose (mg/dL) 87.3+£6.7 90.3+8.1 0.198
Postprandial Glucose109 (56 — 155) 127 (61 —237) 0.128
(mg/dL)
Fasting Insulin (uIU/ml) 10 (9-13) 18 (12 -37) <0.001
Triglyceride (mg/dL) 85 (45 — 236) 123 (65 — 390) <0,001
TG to HDL Ratio 2.4 (0.85 — 6.50) 3.6 (1.17 - 10) 0.078
LDL to HDL Ratio 3.29+0.48 3.23+0.86 0.736
TG Glucose Index 4248 (1680 —9393) 6687 (2503 —17.940)  0.238
Total Cholesterol (mg/dL) 206.79 +21.20 203.98 + 39.98 0.696
Hormone Profile
Prolactin (ng/ml) 9 (5-26) 9.5(4-32) 0.831
SHBG (nmol/l) 29 (10 - 50) 21.8 (10 — 50) 0.012
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TSH (uIU/ml) 2.2(1-9) 2.0 (1-6) 0.426
LH (uIU/ml) 10.10 + 4.48 10.89 + 4.50 0.500
FSH (uIU/ml) 6(3-8) 7 (2-10) 0.078
FTI 4(2-31) 6(1-18) 0.108
LH to FSH Ratio 1.90 + 1.13 1.71+0.72 0.489

Note: Numerical variables with normal data distribution were analyzed using an independent
T-test and are presented as mean + standard deviation, while numerical variables with abnormal
data distribution were analyzed using the Mann-Whitney test and are presented as median

(minimum-maximum value).

Abbreviations: HDL = High-Density Lipoprotein, LDL = Low-Density Lipoprotein, TG =
Triglyceride, BMI = Body Mass Index, LH = Luteinizing Hormone, FSH = Follicle Stimulating
Hormone, SHBG = Sex Hormone-Binding Globulin, TSH = Thyroid Stimulating Hormone,

FTI = Free Testosterone Index.

Table I11. Multivariate Regression Analysis.

Biochemical Odds Ratio 95% Confidence p Value
Parameter Interval
Triglyceride 5.625 1.668 — 18.971 0.005

Glucose Index

Abbreviations: OR = Odds Ratio, Cl = Confidence Interval.

18



M2023276 — Triglyceride-glucose Index and Insulin Resistance in PCOS

401 Table IV. Correlation between SHBG and Insulin among PCOS Subjects with Insulin

402 Resistance and without Insulin Resistance.

Variables SHBG PCOS Non-IR SHBG PCOS IR

Insulin PCOS Non-IR  r: -0.278

p: 0.169

r:-0.168
Insulin PCOS IR
p: 0.239

403
404  Abbreviations: IR = Insulin Resistance, p = p value, PCOS = Polycystic Ovary Syndrome, r =

405  Coefficient Correlation, SHBG = Sex Hormone-Binding Globulin.
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416  Figure 1. Triglyceride-Glucose Index
417  Note: The Correlation Curve between HOMA-IR and Triglyceride Glucose Index (r = 0.117;
418  p=0.003)
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Triglyceride-Glucose Index as A Crucial Marker for

Polycystic Ovary Syndrome Women with Insulin Resistance

Abstract

Background: Insulin resistance (IR) is considered as the main driver of polycystic ovary
syndrome (PCOS) pathogenesis. In PCOS condition, IR is frequently related to glucose,
anthropometric profile, lipid profile, and hormone profile parameters. However, not all PCOS
phenotype show IR. Therefore, this study was conducted to determine the association the
parameters mentioned above in PCOS subjects with and without IR.

Methods: Fifty PCOS women with IR and 26 PCOS women without IR were recruited. All
subjects underwent physical examination for measurement of weight, waist circumference
(WC), and body mass index (BMI). Ferriman Gallwey Score (FGS) was used to evaluate
hirsutism. Blood sample was taken from each subject for measurement of fasting glucose,
postprandial glucose, fasting insulin, low-density lipoprotein (LDL), high-density lipoprotein
(HDL), total cholesterol, triglyceride (TG), sex hormone binding globulin (SHBG), thyroid-
stimulating hormone (TSH), luteinizing hormone (LH), follicle stimulating hormone (FSH),
and prolactin. Homeostatic model assessment for IR (HOMA-IR), TG-glucose index (TyGl),
and free testosterone index (FTI) were then calculated.

Results: From all the parameters examined, only fasting insulin (p<0.001), HOMA-IR
(p<0.001), SHBG (p=0.012), TG (p<0.001), and TyGl (p=0.008) that show significant
differences between PCOS subjects with and without IR. After multivariate analysis, TyGI was
found to have strong association with IR occurrence in PCOS subjects (p=0.005) with an odd

ratio of 5.26 (1.65-16.74).
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Conclusion: TyGl appears to have a significant association with the IR occurrence in PCOS
subjects. Hence, it can be suggested that TyGI could be an important marker for PCOS women

with IR.

Keywords: insulin resistance, lipid metabolism, polycystic ovary syndrome, triglyceride-

glucose index

Introduction

Polycystic ovarian syndrome (PCOS), also known as metabolic-endocrine disorder syndrome,
affects 5-10% of reproductive women worldwide. PCOS was diagnosed according to the
Rotterdam criteria if 2 of the following 3 criteria are present. hyperandrogenism, oligo-
anovulation, and findings of >12 follicles measuring 2-9 mm per ovary or 12-20 antral follicles
on high-frequency probe ultrasound.(1) PCOS is frequently related to several multiple
disorders, specifically insulin resistance (IR) and hyperandrogenism, which are accompanied
by enduring long-term consequences such as obesity, type 2 diabetes mellitus (T2DM),
dyslipidemia, cardiovascular disease, and endometrial cancer.(2-4)

IR is one of the most frequent characteristics of PCOS, with a prevalence varying from
35-80%.(5,6) IR is characterized by a reduced receptor response to insulin stimulation, which
prevents target tissues from delivering glucose into cells, suppresses lipolysis, stimulates
glycogen synthesis, and inhibits hepatic glucose.(7) IR is quite common in women with PCOS,
although the prevalence of IR is independent of body mass index (BMI), obesity has been
reported to be associated with an increased occurrence of IR in PCOS. Approximately 55-70%
of obese PCOS patients experience IR, while non-obese PCOS patients show an incidence of
IR of around 38-40%. This condition is in accordance with several publications which state

that in PCOS, homeostatic model assessment for IR (HOMA-IR) is positively correlated with
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waist circumference (WC), triglyceride (TG), chronic low-grade inflammation, free
testosterone, and free androgen index and negatively correlated with high-density lipoprotein
(HDL) and sex hormone binding globulin (SHBG).(8-10) In addition, genetic and epigenetic
factors, as well as prenatal androgen exposure are proven to play a significant role in the
occurrence of IR in PCOS women.(11,12) Therefore, early recognition of IR, anthropometric
profile, hormone profile, glucose, and lipid profile in PCOS are crucial for optimal screening,
prevention, and intervention.(13) However, there is a PCOS phenotype that does not show IR.
This may be influenced by other causes such as central gonadotropin hormone dysregulation
and hyperandrogenic state.(14,15)

In IR states, non-esterified fatty acids are mobilized from muscle and adipose tissue to
the liver, thereby increasing the substrate for TG production. Fasting TG-glucose index (TyGl)
is closely associated with IR.(16) It seems that TyGl is a reliable, inexpensive, and at the same
time useful marker for detecting changes in lipid profile and glucose metabolism disorders
associated with IR, especially in PCOS.(17) Since BMI, luteinizing hormone (LH), follicle
stimulating hormone (FSH), testosterone, glucose, lipids, and TyGl are associated with IR,
therefore, it is crucial to determine the association between these factors in PCOS subjects with

and without IR.

Methods

Study Design, Inclusion and Exclusion Criteria, Ethical Approval

An observational cross-sectional study was conducted. Female subjects with PCOS, aged 20-
35 years old, visiting Yasmin Fertility Clinic, Cipto Mangunkusumo National Central General
Hospital, Jakarta, Indonesia in July to December 2019, were recruited. PCOS condition was
diagnosed according to the Rotterdam criteria.(1) Pregnant subjects or subjects with medical

records of gynecological disorders, adrenal gland disease, hypothalamic-pituitary axis
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alterations, excessive prolactinemia, abnormal uterine bleeding of unknown cause, and
thromboembolic or cerebrovascular disorders, were excluded. Subjects having hormonal
medication, smoking, and alcohol consuming habits were also excluded. This study protocol
was approved by the Ethics Committee of the Faculty of Medicine, Universitas Indonesia, and
Cipto Mangunkusumo National Central General Hospital (No. 929/UN2.F1/ETIK/1X/2017).
All subjects were provided with comprehensive information of the study. Subjects signed
informed consent prior to the study enroliment.

Demographic and Anthropometric Profile Measurement

Anamnesis and physical examination were performed for measurement of body weight, WC,
and BMI. In addition, subjects were evaluated for hirsutism as well with Ferriman Gallwey
Score (FGS). The subjects were scored on a scale of 0—4 for terminal hair growth on eleven
different body areas.

Glucose Profiling

About 5 mL of venous blood was collected from each subject. For fasting glucose, the blood
collection was performed after 8-12 hours of fasting, while for postprandial glucose, the blood
collection was performed at 2 hours after 75 g carbohydrate intake. Despite fasting glucose and
postprandial glucose, collected blood was processed to measure plasma insulin using the
ARCHITECT Colorimetric Assay kit (Abbott Diagnostics, Lake Forest, IL, USA). HOMA-IR
was calculated by multiplying fasting insulin and fasting glucose, and then dividing it by 405.
A high score of HOMA-IR defined IR. The cut-off for HOMA-IR in this study was set at
2.69.(18)

Lipid Profiling

Each subject fasted for 10 hours prior to the collection of 5 mL venous blood. The collected
blood was processed to measure low-density lipoprotein (LDL), HDL, total cholesterol, and

TG, using ADVIA Centaur Immunoassay System (Siemens Healthineers, Erlangen, Germany).
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Hormone Profiling

About 5 mL of venous blood was collected from each subject. The collected blood was
processed to measure SHBG, follicle stimulating hormone (TSH), LH, FSH, and prolactin
using the ADVIA Centaur XPT Immunoassay System. Testosterone was measured using
Elecsys Testosterone Il (Roche, Basel, Switzerland) with electrochemiluminescence
immunoassay method, using Cobas e 402/e 801 (Roche). Free testosterone index (FTI) was
defined by dividing total testosterone level by SHBG level and then multiplying the result by
100.

Statistical Analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS),
version 17.0 (SPSS Inc., Chicago, IL, USA). The mean, median, and standard deviation were
obtained through univariate analysis, which was then followed by bivariate analysis to assess
differences between the 2 groups, namely PCOS with IR and PCOS without IR. A p-value of

<0.05 was considered statistically significant.

Results

Seventy-six women with PCOS were recruited into this study, which were then divided into 2
groups; 50 PCOS with IR and 26 PCOS without IR. The median age was 28 years old, the
median BMI was 27.78 kg/m?, and the median of FGS was 3, meanwhile, the mean weight was
71.87 kg, and the mean WC was 92.01 cm (Table 1).

Glucose Profiles of PCOS Subjects with and without IR

A normal range of fasting glucose level was observed both in PCOS subjects with and without
IR (Table 2). The median postprandial glucose level of PCOS subjects with IR was 127 (61-

237) mg/dL, whereas 30% of the postprandial glucose level of the PCOS subjects with IR
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was>140 mg/dL. The fasting insulin level of PCOS subjects with IR was confirmed
significantly higher than PCOS subjects without IR (p<0001).

Lipid Profiles of PCOS Subjects with and without IR

There was no significant difference level of LDL, HDL, and total cholesterol between PCOS
subjects with and without IR (Table 2). PCOS subjects with IR had significantly higher TG
level (p<0.001) than the ones without IR. PCOS subjects with IR had significantly higher TyGI
(p=0.008) than the ones without IR as well.

Hormone Profiles of PCOS Subjects with and without IR

PCOS subjects with IR had significantly lower SHBG level (p=0.012) than the ones without
IR (Table 2). There was no significant difference level of TSH, LH, FSH, and prolactin between
PCOS subjects with and without IR (Table 2).

Multivariate Analysis Results

Multivariate analysis was carried out using binary logistic regression, involving variables with
p-value of <0.25. However, variables which in principle, did not influence the incidence of IR
(TG to HDL ratio, prolactin and FSH) were excluded. TyGI showed a strong relationship with
the IR occurance in PCOS women after multivariate analysis using logistic regression and the
5-stage backward Wald method. This relationship was found to have a p-value of 0.005 and an
odds ratio of 5.26 with 95% CI (1.65-16.74). Based on correlation analysis carried out with
the Spearman test, we observed a weak positive correlation between the TyGl and HOMA-IR

with p=0.003 and (r=0.117) (Figure 1).

Discussion
IR and hyperinsulinemia could be negative impacts of accumulated adipose tissue metabolism,
which were related to decreased glycogen synthesis, decreased SHBG secretion, and increased

insulin-like growth factor-1 (IGF-1) in the liver. High insulin levels in women with IR will
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increase the production of LH by the anterior pituitary following the increased pulsatile release
frequency of gonadotropin-releasing hormone (GnRH) in the hypothalamus.(12)
Hyperinsulinemia condition can also disrupt the balance between the hypothalamic pituitary
ovary (HPO) axis and the hypothalamic pituitary adrenal (HPA), which is related to the
increase of adrenocorticotropic hormone (ACTH) by the adrenal glands.(12)

In our study, PCOS subjects with IR had lower SHBG levels than PCOS subjects
without IR. This finding is consistent with the findings of numerous studies addressing the
decreased production of SHBG in PCOS women with IR. This condition correlates with IR
which will lead to the increase of monosaccharides delivery to the liver and adipose tissue
lipolysis, which later induce the production of non-esterified fatty acids (NEFA). This will
stimulate gluconeogenesis and lipogenesis; and increase the proinflammatory cytokine TNF-
alpha as well as de novo lipogenesis (DNL) followed by the decrease of Hepatocyte nuclear
factor alpha (HNF-4a)) and SHBG.(19)

Dyslipidemia is a common metabolic complication affecting up to 70% of women with
PCOS. Multiple factors are known to contribute to the disruption of lipid metabolism and
dyslipidemia. IR performs a crucial role by predominantly stimulating lipolysis and altering
the expression of lipoprotein and hepatic lipases. Under conditions of IR, NEFA is transported
from muscle and adipose tissue to the liver, thereby augmenting the substrate for TG
biosynthesis.(20,21)

We observed that the PCOS subjects with IR had lesser LDL levels than the ones
without IR, whereas there was no difference in HDL levels between the PCOS subjects with
and without IR. Furthermore, the PCOS subjects with IR had higher TG level and TG to HDL
ratio than PCOS subjects without IR. Multivariate analysis showed a significant association
between the TyGl and IR occurrence in PCOS subjects. According to the reports of several

studies conducted in Iran, Irag, and China (8,22,23), the current study has shown that the TyGlI
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is a practical and inexpensive test with a high degree of reliability for PCOS women with IR.
A positive correlation between the TyGlI and the prevalence of metabolic syndrome in women
with PCOS has been reported as well.(24) The TyGI was found to be independently correlated
with hypertension, obesity, central obesity, hyperglycemia, and dyslipidemia in women with

PCOS.(24)

Conclusion

In this study, fasting insulin and TG were found to be higher in PCOS subjects with IR than
PCOS subjects without IR, but not glucose levels. In addition, TyGl appears to have a
significant association with the occurrence of IR in PCOS subjects. Taken together, it can be

suggested that TyGlI could be an important marker for PCOS women with IR.
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Table 1. Subject Characteristics (n = 76)

M2023276 — Triglyceride-glucose Index and Insulin Resistance in PCOS

Characteristic Value
Demographic and Anthropometric Profile

Age (year) 28 (23 - 35)

Weight (kg) 71.87 £13.15

WC (cm) 92.01 +9.80

BMI (kg/m?) 27.78 (20.75 — 39.77)
Ferriman-Gallwey Score 3(1-11)
Metabolic and Lipid Profile

Fasting Glucose (mg/dL) 89.33 £ 7.77

Postprandial Glucose (mg/dL)
Fasting Insulin (uWIU/mL)
LDL (mg/dL)

HDL (mg/dL)

Total Cholesterol (mg/dL)
TG (mg/dL)

TyGl

TG to HDL Ratio

LDL to HDL Ratio

TG to BMI Ratio

HOMA-IR

112.5 (56 — 237)

14 (9 - 37)

128.5 (59 — 239)
42.51 (30 — 62)

204.72 (121.80 — 316.30)
109.5 (45 — 390)
4925.5 (1680 — 17940)
2.59 (0.85 — 10)
3.25+0.77
3.695 (1.49 — 16.53)

2.89 (2.05 — 8.99)

Hormone Profile

SHBG (nmol/L)

TSH (nIU/mL)

21.5 (7 — 66)

2(0-9)

12
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LH (uU/mL) 10.68 + 4.48
FSH (uIU/mL) 6 (2-10)
Prolactin (hg/mL) 9(4-32)
FTI (ng/dL) 5(1-31)
LH to FSH Ratio 1.76 £ 0.84

263 Numerical variables with normal data distribution: mean = SD, while numerical variables with
264  non-normal data distribution: median (min—max). WC: Waist Circumference; BMI: Body
265 Mass Index; LDL: Low-Density Lipoprotein; HDL: High-Density Lipoprotein; TG:
266  Triglyceride; TyGl: Triglyceride Glucose Index; SHBG: Sex Hormone-Binding Globulin;
267  TSH: Thyroid Stimulating Hormone; LH: Luteinizing Hormone; FSH: Follicle Stimulating
268  Hormone; FTI: Free Testosterone Index.

269
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Table 2. Characteristic Comparison of PCOS Subjects With and Without Insulin

Resistance
Characteristic Non-Insulin Resistance Insulin Resistance p
(n=26) (n=50)
Demographic and Anthropometric Profile
Age (years) 28.05 + 2.86 28.28 + 3.46 0.708
Weight (kg) 68.05 + 13.23 73.23+12.98 0.131
WC (cm) 89.08 + 8.67 93.54 + 10.07 0.731
BMI (kg/m?) 26.95 (20.75 — 34.10) 29.49 (21.91 - 39.77) 0.204
Ferriman-Gallwey Score 2(1-9 3(1-11) 0.298
Metabolic and Lipid Profile
Fasting Glucose (mg/dL) 87.3+6.7 90.3+8.1 0.198
Postprandial Glucose (mg/dL) 109 (56 — 155) 127 (61 — 237) 0.128
Fasting Insulin (uIU/mL) 10 (9-13) 18 (12 -37) <0.001*
LDL (mg/dL) 136.23 + 23.15 125.5 (101 — 239) 0.387
HDL (mg/dL) 43.03 +5.87 43.61 +7.29 0.620
Total Cholesterol (mg/dL) 206.79 +£21.20 203.98 + 39.98 0.696
TG (mg/dL) 85 (45 — 236) 123 (65 — 390) <0.001*
TyGl 4248 (1680 — 9393) 6687 (2503 — 17.940) 0.008*
TG to HDL Ratio 2.4 (0.85 — 6.50) 3.6 (1.17 - 10) 0.078
LDL to HDL Ratio 3.29+£0.48 3.23+£0.86 0.736
HOMA-IR 2.36 +0.16 3.31 (2.69 - 8.62) <0.001*
Hormone Profile
SHBG (nmol/L) 29 (10 — 50) 21.8 (10 — 50) 0.012*
TSH (uIU/mL) 2.2(1-9) 2.0 (1—6) 0.426
LH (uIU/mL) 10.10 + 4.48 10.89 + 4.50 0.500
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FSH (WIU/mL) 6(3-8) 7(2-10) 0.078
Prolactin (ng/mL) 9 (5-26) 95(4-32) 0.831
FTI (ng/dL) 4(2-31) 6 (1-18) 0.108
LH to FSH Ratio 190+1.13 1.71+£0.72 0.489

272 Numerical variables with normal data distribution: mean + SD, were analyzed using an
273 independent T-test. Numerical variables with non-normal data distribution: median (min—
274  max), were analyzed using the Mann-Whitney test. WC: Waist Circumference; BMI: Body
275 Mass Index; LDL: Low-Density Lipoprotein; HDL: High-Density Lipoprotein; TG:
276  Triglyceride; TyGl: Triglyceride Glucose Index; SHBG: Sex Hormone-Binding Globulin;
277  TSH: Thyroid Stimulating Hormone; LH: Luteinizing Hormone; FSH: Follicle Stimulating

278 Hormone; FTI: Free Testosterone Index.
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292 Figure 1. Positive correlation was observed between HOMA-IR and TyGl in PCOS
293 subjects (r=0.117; p=0.003)
294
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