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ABSTRACT
Objectives: Insulin resistance and dyslipidemia are common comorbidities of polycystic ovary syndrome. We
aim to evaluate the association between triglycerides/high-density lipoprotein cholesterol ratio, insulin
resistance, and serum androgen levels in patients with polycystic ovary syndrome. 
Methods: We enrolled a total of 40 polycystic ovary syndrome patients and 20 healthy control subjects in this
cross-sectional study. The polycystic ovary syndrome patients were divided into two subgroups obese and non-
obese. The triglycerides/high-density lipoprotein cholesterol ratio and homeostatic model assessment of insulin
resistance were calculated for all individuals. Demographic characteristics, serum levels of metabolic
parameters, and androgens were compared between the study subgroups. P - value < 0.05 was accepted as
statistically significant. 
Results: The triglycerides/high-density lipoprotein cholesterol ratio was higher in obese polycystic ovary
syndrome patients than in other groups (3.64 ± 3.06 vs. 1.07 ± 0.36 in control and 1.18 ± 0.53 in non-obese
group, p < 0.005). The triglycerides/high-density lipoprotein cholesterol ratio was positively correlated with
homeostatic model assessment of insulin resistance (r = 0.546, p < 0.001), total testosterone (r = 0.402, p =
0.010), and free androgen index (r = 0.609, p < 0.001) while was negatively correlated with sex hormone-
binding globulin (r = -0.497, p = 0.001). Obese polycystic ovary syndrome patients had higher serum total
testosterone levels, higher free androgen index, and lower sex hormone-binding globulin than non-obese
polycystic ovary syndrome patients (0.71 ± 0.49 ng/mL vs. 0.45 ± 0.16 ng/mL, p = 0.006; 3.1 ± 1.91 vs. 1.01
± 0.49, p < 0.005; and 26 ± 10.3 nmol/L vs. 59.6 ± 43.7 nmol/L, p < 0.005, respectively). Obese polycystic
ovary syndrome patients had also worse lipid parameters, including high triglycerides and low high-density
cholesterol when compared with other groups. 
Conclusions: The triglycerides/high-density lipoprotein cholesterol ratio was correlated with the homeostatic
model assessment of insulin resistance, and androgenic hormonal profiles including total testosterone and free
androgen index in patients with polycystic ovary syndrome.
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Polycystic Ovary Syndrome (PCOS) is a common
metabolic disease. The Rotterdam criteria includ-

ing clinical and/or biochemical findings of hyperan-
drogenism, oligomenorrhea or oligo-ovulation, and/or
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existence of polycystic ovaries on ultrasound are com-
monly used to diagnose patients with PCOS. The pres-
ence of at least two criteria is essential for the
diagnosis [1]. 
      Patients with PCOS have an increased risk for the
development of type 2 diabetes mellitus (T2DM) and
cardiovascular events due to concurrent insulin resist-
ance (IR). Also, dyslipidemia and metabolic syndrome
are more often seen in PCOS patients with IR than
those without IR [2]. IR has been detected in most pa-
tients with PCOS beyond that predicted by their body
mass index (BMI). In contrast, PCOS per se has been
shown to confer a risk of IR [3]. Although definitive
pathogenic mechanisms are currently not clear, IR and
hyperinsulinism play a contributory role in the patho-
genesis of hyperandrogenism [4]. An expert panel by
clinicians recommended screening glucose intolerance
in PCOS patients [5]. In the light of all this informa-
tion, investigation of insulin resistance in addition to
screening fasting lipid profiles, measurement of blood
pressure, and determination of body mass index (BMI)
may contribute to the determination of initial cardio-
vascular risk in these patients. Currently, there are no
validated methods for indicating IR in daily practice.
There are several complicated, expensive, and time-
consuming diagnostic tests and methods such as the
euglycaemic hyperinsulinaemic clamp technique.
Homeostatic model assessment of insulin resistance
(HOMA-IR) has a lower cost and is more practical [6].
Practical measurements that evaluate simultaneously
IR and cardiovascular risk are essential for PCOS pa-
tients. Hyperlipidemia related to IR presents with high
levels of triglycerides (TG) and low-density lipopro-
tein cholesterol (LDL-C) in addition to lower high-
density lipoprotein cholesterol (HDL-C) levels. Nur
Zati Iwani et al. [7] showed a great sensitivity of the
TG/HDL-C ratio in diagnosing metabolic syndrome
and in the determination of IR and cardiometabolic
risk in obese children. Although few studies suggested
the association between the TG/HDL-C ratio and IR
in PCOS patients, the knowledge does not gain yet a
clear recommendation for clinical practice [8]. There-
fore, we aimed to evaluate TG/HDL-C ratio in Turkish
PCOS patients as a predictor of IR, and its relationship
with serum androgen levels. We hypothesized to ob-
tain a practical formula from lipid parameters that are
available in daily practice. 

METHODS

      We enrolled a total of 40 PCOS patients who ful-
filled the 2004 revised Rotterdam Criteria in this
cross-sectional study [10]. The PCOS patients were
divided into two subgroups obese and non-obese. Pa-
tients with at least two of the subsequent criteria were
accepted as PCOS; (i) oligo- or anovulation, (ii) clin-
ical and/or biochemical hyperandrogenism, (iii) poly-
cystic ovaries. Polycystic ovarian morphology was
confirmed via ultrasound. Twenty healthy subjects
with no symptoms of hirsutism, oligo-anovulation, or
infertility were enrolled in the control group. Serum
androgen levels were normal, and there were no patho-
logical hyperandrogenemia signs on physical exami-
nation. The control group was selected from
individuals examined by the same physician in the
same time frame, not affecting the examination, espe-
cially the Ferriman-Gallwey Score (FGS) [11]. The
non-obese PCOS patients and healthy controls were
matched in terms of anthropometric measurements
such as BMI. The detailed medical history (menstrual
order, infertility, hirsutism) and systemic examination
notes of all patients were examined. The exclusion cri-
teria were also set as being pregnant and/or post-
menopausal woman, having an incomplete diagnosis,
using hormone preparations such as oral contraceptive
drugs within the last six months, or having any con-
comitant confounding endocrinological diseases such
as hypothyroidism, T2DM, and dyslipidemia, or sys-
temic disorders such as coronary artery disease, renal
or hepatic insufficiency or tumors of the pituitary,
ovary or adrenal glands. The study was performed by
following the local Ethics Committee approval and the
Helsinki Declaration. All participants approved a writ-
ten- and informed- consent form. 
      For physical measurements, height, weight, and
BMI were measured. The waist circumference (WC),
hip circumference (HC), and waist-to-hip ratio (WHR)
were calculated for anthropometric measurements.
Bodyweight was measured on a scale without shoes
and extra clothing. BMI was calculated as the body-
weight (in kilograms) divided by the height (in meters)
squared. BMI of at least 30 kg/m2 was determined as
the cut-off for obesity [9]. The midpoint between the
lower border of the rib cage and the iliac crest was de-
termined for the measurement of the waist circumfer-
ence. For the hip circumference, the maximum
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diameter over the buttocks was measured with a meas-
uring tape according to the WHO Guidelines [12, 13].
Blood samples for levels of serum gonadotropins were
taken from the patients between the second and fourth
days of the menstrual cycle between 08 a.m. and 10
a.m. For amenorrheic patients with PCOS, they were
prescribed oral medroxyprogesterone acetate 5 mg,
once a day for five days. After the initiation of the
menstrual cycle, the blood samples were taken as
above-mentioned. Blood samples that investigate
serum levels of glucose, insulin, and lipid profile were
also collected after eight-hour overnight fasting.
TG/HDL-C and HOMA-IR were calculated for all in-
dividuals. The following formula ‘fasting glucose
(mg/dL)×fasting insulin (μU/mL)/405’ was used to
calculate HOMA-IR [14].

Statistical Analysis 
      Data obtained in the study were analyzed statisti-
cally using SPSS version 21.0 (SPSS Inc.) software.
Categorical variables were compared with the Chi-
square test. The Student’s t-test and One-way ANOVA
and Tukey post hoc HSD tests were used for the analy-
sis of independent, normally distributed parametric
variables, and the Mann-Whitney U test with Bonfer-
roni correction and the Kruskal-Wallis test were used
for the analysis of numerical variables not normally
distributed. Spearman’s correlation coefficients were
calculated to assess the associations between vari-
ables. Data were expressed as mean ± standard devia-

tion (SD), median, minimum and maximum values or
number (n), and percentage (%) as appropriate. A
value of p < 0.05 was considered statistically signifi-
cant. In correlation comparisons where each group
was evaluated separately, it was evaluated with Bon-
ferroni correction (p = 0.05/3 = 0.0167). 

RESULTS

      The mean age was 26.7 ± 7.5 years among 40 pa-
tients with PCOS while 28.1 ± 4.4 years among
healthy controls. The demographic and anthropomet-
ric measurements of all the study subjects are shown
in Table 1. There was no difference between the
healthy group and the non-obese patient groups in
terms of height, weight, WC, and BMI. Hirsutism was
more prominent in PCOS patients compared to the
healthy control subjects, and there was no difference
between the obese and non-obese PCOS groups [FGS:
15.8 ± 6.61 (in non-obese PCOS), FGS: 17.30 ± 4.92
(in obese PCOS); p > 0.05]. Comparisons were made
of hormonal parameters. The serum androgen levels
are given in Table 2. Obese PCOS patients had higher
serum total testosterone levels, higher free androgen
index, and lower sex hormone-binding globulin than
non-obese PCOS patients (0.71 ± 0.49 ng/mL vs. 0.45
± 0.16 ng/mL, p = 0.006; 3.1 ± 1.91 vs. 1.01 ± 0.49, p
< 0.005; and 26 ± 10.3 nmol/L vs. 59.6 ± 43.7 nmol/L,
p < 0.005, respectively). Non-obese PCOS patients
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had higher free androgen index, androstenedione and
DHEAS levels than the healthy control group (1.01 ±
0.49, p =0.012; 3.73 ± 1.41, p < 0.005; 360.4 ± 143.7,
p = 0.028). 
      When the groups were evaluated in terms of lab-
oratory data, LDL-C and triglyceride levels were sig-
nificantly higher, and HDL-C levels were significantly
lower in the obese PCOS group when compared to the
other two groups (Table 2). While there were no dif-
ferences in aspartate transaminase (AST) levels be-
tween groups, serum ALT levels were higher in the
obese PCOS group than in the other two groups. (21.8
± 8.2 IU/L, p < 0.005). The TG: HDL-C ratio and
HOMA-IR values were significantly higher in obese
patients with PCOS than non-obese PCOS patients

(3.64 ± 3.06 vs. 1.18 ± 0.53, p < 0.005 and 3.59 ± 1.62
vs. 1.62 ± 0.35, p < 0.005; respectively). 
      In addition, non-obese PCOS patients had signif-
icantly higher serum fasting glucose and HOMA-IR
than healthy individuals (83.3 ± 4.69, p < 0.005; 1.62
± 0.35, p < 0.005, respectively). When all the patients
were evaluated, according to the results of correlation
analysis, the TG/HDL-C ratio was positively corre-
lated with HOMA-IR (r = 0.546, p < 0.001), total
testosterone (r = 0.402, p = 0.010), and FAI (r = 0.609,
p < 0.001) while was negatively correlated with sex
hormone-binding globulin (r = -0.497, p = 0.001)
(Table 3). We detected no significant correlation when
each group was separately examined. 
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DISCUSSION

      Obesity and IR are well-known risk factors con-
tributing to the complex pathophysiological mecha-
nisms in PCOS. A vast majority of patients with PCOS
(40-88%) are overweight/obese and insulin-resistant
[15]. IR is an insufficient glucose response to insulin
and is often diagnosed with clinical manifestations, in-
cluding T2DM and metabolic syndrome [16]. There is
a need for a reliable, practical, valid parameter that can
indicate IR. HOMA-IR is a commonly used tool for
IR. The analysis of serum fasting insulin is not possi-
ble and practical in every health center to calculate
HOMA-IR. Also, no clear cut-off value has been es-
tablished for HOMA-IR. The euglycemic clamp tech-
nique is another reported method performed in
specialized centers but is also impractical for routine
use [17]. Both of the-mentioned methods have not
been placed for routine clinical use in detecting IR be-
cause of limitations related to cost, reliability and stan-
dardization. Mc Laughlin et al. [18] showed that a
TG/HDL-C ratio of at least 3 was more diagnostic
than TG or insulin levels alone in determining IR in
overweight patients. The number of 1.8 in SI units (3.0
in traditional units) was reported as a cut-off point for
TG/HDL-C (with a sensitivity and specificity; 57%,
and 71% respectively). Song do et al. [19] recom-
mended OGTT for Korean women with PCOS with
TG/HDL-C ratio > 2.5, and this cut-off was calculated
as a predictor of IR. Greenwood and Huddleston [20]
showed that the cut-off value of 2.64 had a sensitivity

of 87% and a specificity of 75% for diagnosing meta-
bolic syndrome in PCOS patients. The mean
TG/HDL-C ratio was 3.64 in obese PCOS patients in
our study. We noticed again that the TG/HDL-C ratio
was positively correlated with HOMA-IR in our pop-
ulation despite this correlation may be explained by
the presence of obesity alone. The TG/HDL-C ratio
was similar between non-obese PCOS patients and
healthy controls. These results may have been also af-
fected by the low patient numbers in each group and
the patient characteristics. 
      The average BMI, WC, and WHR, were similar in
the non-obese PCOS patient and the healthy control
groups. Ovesen et al. [21] found no difference in IR
in non-obese PCOS patients compared to an age and
weight-matched control group. Although the
TG/HDL-C ratio was similar between the two sub-
groups, non-obese PCOS patients had higher HOMA-
IR values than the control group without a statistical
significance. It is possible to say that HOMA-IR can
detect IR earlier than the TG/HDL-C. This condition
may be explained by increased levels of serum fasting
insulin before dyslipidemia occurs. 
      There are many complex pathogenetic pathways
in the underlying mechanism of hyperandrogenism
and IR. Higher levels of different androgens may con-
tribute to IR or vice versa. It is well-known that pa-
tients with hyperinsulinemia have marked
hyperandrogenemia [22]. Excess insulin levels reduce
hepatic sex hormone-binding globulin and increase
ovarian androgen production via stimulation of ovar-
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ian insulin growth factor-1 receptors in the presence
of the adequate luteinizing hormone [23]. As a result,
IR and obesity aggravate hyperandrogenism's clinical
and laboratory findings, and losing weight reduces an-
drogen levels in patients [24]. Nevertheless, hyperan-
drogenemia has a negligible effect on IR [25]. Holte
et al. [26] reported that the body fat ratio had been
shown to worsen hyperandrogenism findings in
women with PCOS, regardless of BMI. According to
that cross-sectional study, obese PCOS patients with
a higher body fat ratio also have a higher free andro-
gen index, higher total testosterone, and lower SHBG
[26]. The conclusion drawn from our study is also that
obese PCOS patients had higher total testosterone lev-
els, higher FGS, and higher TG/HDL-C ratio values
than non-obese PCOS patients and healthy control
subjects.TG/HDL-C ratio was positively correlated
with serum androgen levels and free androgen index,
and negatively correlated with SHBG. Previous stud-
ies have indicated that SHBG can be used as a marker
of IR [27]. The SHBG values were lower in obese
PCOS patients than in the other groups. This condition
might be a causative factor for more severe hirsutism
and hyperandrogenism findings. Ain et al. [28] also
investigated the TG/HDL-C ratio in a study of 350
participants without comorbidity or chronic illness.
The TG/HDL-C ratio was correlated with carotid inti-
mal thickness. They noticed that TG/HDL-C ratio can
be used as an early predictor of cardiometabolic
events. TG/HDL-C ratio was also shown as an indica-
tor of atherosclerotic risk, even in chronic inflamma-
tory diseases such as ankylosing spondylitis and
familial Mediterranean fever [29]. 

Limitations 
      The limitations of the study were as follows: A
major limitation of the study was the evaluation of IR
with HOMA-IR. Secondly, the sample size was lim-
ited. More patients are needed to determine a specific
cut-off value for the TG/HDL-C ratio and compare
non-obese PCOS and healthy control subjects. An-
other limitation was that it was a cross-sectional study
in which causal relationships cannot be evaluated.
However, determination of the TG/HDL-C ratio in pa-
tients with PCOS can be used as a good predictor as a
surrogate marker for IR and cardiometabolic risk. The
assessment of the FGS was performed only by one of
the researchers at one time was another limitation pre-

venting determining intra- and inter-observer varia-
tions. 

CONCLUSION

      This study demonstrated a higher TG/HDL-C ratio
and IR in obese PCOS patients. The TG/HDL-C ratio
was also correlated with hyperandrogenism and
HOMA-IR in PCOS patients. The TG/HDL-C ratio is
easily calculated from the lipid parameters, and it may
be practical to use TG/HDL-C ratio to predict IR in
PCOS patients.
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