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Abstract

Objective: We aimed to investigate whether patients with polycystic ovary syndrome (PCOS)

and a family history (FH) of type 2 diabetes mellitus (T2DM) are at increased risk of endocri-

nological and metabolic abnormalities, and whether this risk differs between first-degree and

second-degree relatives, and between maternal and paternal transmission.

Methods: A total of 680 patients with PCOS were enrolled in this retrospective, single-center

study. Endocrine and glycolipid metabolism parameters were compared.

Results: The free androgen index (FAI), and levels of fasting blood glucose (FBG), fasting insulin

(FINS), homeostatic model assessment-insulin resistance (HOMA-IR), total cholesterol (TC), and

low-density lipoprotein cholesterol were significantly higher, whereas sex hormone binding glob-

ulin (SHBG) levels were significantly lower in patients with PCOS and a FH of T2DM. In patients

with PCOS with a FH of T2DM in first-degree relatives, age and levels of FBG, FINS, and

HOMA-IR were significantly higher than those who had a FH of T2DM in second-degree
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relatives. A maternal history of T2DM was associated with a higher body mass index, FAI, and TG

levels, and lower SHBG levels.

Conclusions: Patients with PCOS and a FH of T2DM have more severe hyperandrogenism and

metabolic disorders, especially in those with maternal transmission.
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Introduction

Polycystic ovary syndrome (PCOS) is a
common endocrine disorder affecting up to
5% to 20% of reproductive-age women.1 In
addition to the poor reproductive conse-
quences, women with PCOS are at great
risk of developing a number of metabolic
abnormalities.2,3 Insulin resistance is present
in 50% to 70% of patients with PCOS,4–6

whereas type 2 diabetes mellitus (T2DM) is
found in 4% to 10%.7 Moreover, lipid
abnormalities, including elevated triglyceride
(TG) and low-density lipoprotein cholesterol
(LDL-c) levels, and decreased high-density
lipoprotein cholesterol (HDL-c) levels, are
often found in PCOS.8

Family studies have indicated a genetic
susceptibility to PCOS.9,10 A positive family
history (FH) of T2DM is associated with
development of PCOS.11,12 A FH of T2DM
appears to be an important factor in predict-
ing the risks of metabolic abnormalities in
women with PCOS.13–15 Vrbikova et al.16

found that defective early beta cell function
was characteristic of only patients with
PCOS and a positive FH of T2DM. Most
studies on the FH of diabetes in patients
with PCOS focused on the patients’ first-
degree relatives,13,14 but few studies have
examined the health status of their second-
degree relatives.15 Whether there is any dif-
ference in the clinical phenotype between
patients with PCOS whose first-degree

relatives have a FH of T2DM and those

whose second-degree relatives have a FH of

T2DM is unclear. Additionally, whether

there is a difference between maternal or

paternal transmission of T2DM in patients

with PCOS is unclear. Furthermore, no pre-

vious studies have analyzed the effect of

T2DM FH on patients who are non-obese

and have PCOS. This is important because

of the higher prevalence of obesity, which is

an important factor of abnormal glucose and

lipid metabolism,17,18 in patients with PCOS

and a FH of T2DM.15

In the current study, we aimed to inves-

tigate whether patients with PCOS and a

positive FH of T2DM are at increased

risk of endocrinological and metabolic

abnormalities. We also investigated wheth-

er this risk differs between patients with a

FH of T2DM in first-degree relatives and

patients with a FH of T2DM in second-

degree relatives, and between maternal

and paternal transmission of T2DM. Our

study may contribute to intervention and

customization of treatment of PCOS

depending on patients’ FH of T2DM.

Materials and methods

Subjects

Chinese female patients with PCOS, aged

from 20 to 40 years, who were non-obese
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(body mass index [BMI] < 28 kg/m2 19,20),
and who visited the Department of
Gynecological Endocrinology in Ren Ji
Hospital, School of Medicine, Shanghai
JiaoTong University from 2015 to 2019
were enrolled. The study was based on rou-
tine clinical practice and conducted under a
protocol approved by the Ethics Committee
of Ren Ji Hospital (2015-087K) with
informed written consent of the patients.

PCOS was diagnosed according to the
revised Rotterdam criteria.21 Two of the fol-
lowing three characteristics were required to
confirm the diagnosis of PCOS: clinical and/
or biochemical signs of hyperandrogenism,
oligo- and/or anovulation, and polycystic ova-
ries (by ultrasound). Exclusion criteria were as
follows: 1) a history of Cushing’s syndrome,
androgen-secreting tumors, or adrenal hyper-
plasia; 2) presence of thyroid dysfunction and
hyperprolactinemia; 3) use of oral contracep-
tives or any medication known to affect met-
abolic function within the previous 3 months;
and 4) presence of diabetes mellitus.

A FH of T2DM was assessed by using
questionnaires asking whether T2DM is
prevalent in the patients’first-degree and
second-degree relatives. To ensure the accu-
racy of the results, after the patients complet-
ed the questionnaire, we reminded them to
confirm their condition with their family
members suffering from diabetes. We regu-
larly followed up the enrolled patients over
the phone, reconfirmed the FH that they
provided at the clinic, and corrected inaccu-
rate family history information. Patients with
more than one relative suffering from T2DM
were excluded. First-degree relatives included
a parent (father or mother) and full sibling
(brother or sister). Second-degree relatives
included a grandparent, aunt, and uncle.

Anthropometric measurements

The height and weight of each subject wearing
light clothing were measured to the nearest 0.1
cm and 0.1 kg, respectively, using a digital

scale and stadiometer. Weight was measured
by an RGZ-120 electronic scale (Suhong
Corp., Changzhou, China). The BMI was cal-
culated as the weight in kilograms divided by
the square of height in meters. Waist circum-
ference was determined by measuring the cir-
cumference at the narrowest point between
the lower border of the rib cage and the iliac
crest. Hip circumference was determined by
measuring the circumference at the level of
the symphysis pubis and the greatest gluteal
protuberance. The waist-to-hip ratio was then
calculated by dividing the waist circumference
by the hip circumference.

Laboratory analysis

Blood sampling for hormonal and metabolic
examinations between days 2 and 5 of the
menstrual cycle or, in the case of secondary
amenorrhea >3 months, at any time. After
basal blood samples were taken, an oral glu-
cose tolerance test (OGTT) with sampling for
blood glucose and insulin levels at 0 and 120
minutes was carried out with 75g of an oral
glucose load. Luteinizing hormone (LH),
follicle-stimulating hormone (FSH), estradiol,
prolactin (PRL), thyroid-stimulating hormone
(TSH), total testosterone, sex hormone-
binding globulin (SHBG), and androstenedi-
one (AD) levels were detected by
chemiluminescence (Elecsys Auto analyzer;
Roche Diagnostics, Basel, Switzerland).
Anti-Müllerian hormone (AMH) levels
were measured by an enzyme-linked immu-
nosorbent assay kit (Kangrun, Guangzhou,
China). The free androgen index (FAI) was
calculated as total testosterone (nmol/L)
�100/SHBG (nmol/L).22 Blood glucose
and insulin samples were stored at 4�C and
analyzed on the day of sampling. Plasma
glucose levels were determined using glucose
oxidase methodology. All measurements
were performed with Roche reagents (D
2400 and E 170 Modular Analytics modules
with Roche/Hitachi analyzers; Roche
Diagnostics). Insulin levels were measured
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by radioimmunoassay. The intra-assay coef-
ficient of variation of insulin assays was
5.5% and <10%, respectively. Insulin resis-
tance was estimated using the homeostatic
model assessment-insulin resistance
(HOMA-IR), which was calculated as fast-
ing insulin (mIU/mL)�fasting glucose
(mmol/L)/22.5.23 Total cholesterol (TC),
TG, and LDL-c levels were measured with
Roche reagents (D 2400 and E 170 Modular
Analytics modules with Roche/Hitachi ana-
lyzers; Roche Diagnostics).

Statistical analysis

Statistical analyses were performed by using
the IBM Statistical Package for the Social
Sciences version 20 (IBM Corp., Armonk,
NY, USA). The data were initially subjected
to the Kolmogorov–Smirnov test to assess
deviation from Gaussian distribution. The
unpaired t test was used to assess the differ-
ences in normally distributed variables.
Multiple stepwise regression analysis was
further conducted to identify independent
risk factors. All data are shown as mean�
standard deviation. A p value <0.05 was
considered statistically significant.

Results

Clinical characteristics, and
endocrinological and metabolic
parameters in patients with PCOS with
and without a FH of T2DM

A total of 680 patients who were non-obese
(BMI < 28 kg/m2) and had PCOS were
included in this study, of whom 203 had a
family history of T2DM (PCOS FHþ
group), while the remaining 477 did not
(PCOS FH- group).

We compared clinical characteristics, and
endocrinological and metabolic parameters
between the PCOS FHþ and the PCOS
FH- groups (Table 1). We found that
SHBG levels were significantly lower,

whereas the FAI and levels of fasting blood

glucose (FBG), plasma glucose 2 hours after

a 75-g oral glucose load (glucose 2h, fasting

insulin (FINS), HOMA-IR, TC, and LDL-c

were significantly higher in the PCOS FHþ
group than in the PCOS FH- group (all

p< 0.05). Age, BMI, waist circumference,

hip circumference, waist-to-hip ratio, and
levels of LH, FSH, LH/FSH, estradiol,

PRL, testosterone, AD, AMH, TSH, insulin

2h, and TG were similar in the two groups.

Clinical characteristics, and

endocrinological and metabolic

parameters in patients with PCOS and a

FH of T2DM in first-degree or second-

degree relatives

The 203 patients in the PCOS FHþ group

were further divided into two subgroups,

including the first-degree FHþ group (in

which first-degree relatives were diagnosed

with T2DM, n¼ 83) and the second-degree

FHþ group (in which second-degree relatives

were diagnosed with T2DM, n¼ 120). As

shown in Table 2, age and levels of FBG,

glucose 2h, FINS, and HOMA-IR in the

first-degree FHþ group were significantly

higher than those in the second-degree FHþ
group (all p< 0.05). The remaining variables

were similar in the two groups. To determine

whether the effects of a FH in first-degree or

second-degree relatives produced the

observed differences, multiple stepwise regres-

sion models were used. In these models, a FH

of T2DM in first-degree or second-degree

relatives was as an independent factor only

for FBG levels (p¼ 0.018) (Table 3).

Clinical characteristics, and

endocrinological and metabolic

parameters in patients with PCOS and a

paternal or maternal FH of T2DM

Among the 83 patients with PCOS and a

first-degree relative diagnosed with
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T2DM, 34 had a maternal FH of T2DM

(defined as a mother with T2DM) (mater-

nal FHþ group) and 44 had a paternal FH

of T2DM (defined as a father with T2DM)

(paternal FHþ group). BMI, the FAI, and

TG levels were significantly higher, and

SHBG levels were significantly lower in

the maternal FHþ group than in the pater-

nal FHþ group (all p< 0.05). There were

no differences in the remaining variables

between the groups (Table 4). Multiple

stepwise regression analysis showed that

PCOS with a maternal FH of T2DM had

higher levels of FBG, glucose 2h, FINS,

and HOMA-IR (all p< 0.05, Table 5),

which indicated a worse glycemic status.

Discussion

In this study, we examined endocrinological

and metabolic characteristics in Chinese

patients who were non-obese and had

Table 1. Clinical characteristics, and endocrinological and metabolic parameters in patients with PCOS
with and without a family history of type 2 diabetes mellitus.

PCOS FH�group

(n¼ 477)

PCOS FHþ group

(n¼ 203) p value

Age (years) 26.39� 3.78 26.75� 4.21 0.306

BMI (kg/m2) 21.77� 2.88 22.09� 3.15 0.193

WC (cm) 77.53� 8.94 78.73� 9.68 0.225

HC (cm) 94.51� 6.24 95.61� 7.25 0.145

WHR 0.82� 0.06 0.82� 0.06 0.722

LH (IU/L) 12.27� 8.47 12.56� 9.52 0.694

FSH (IU/L) 6.90� 1.84 7.03� 2.12 0.417

LH/FSH ratio 1.77� 1.05 1.79� 1.21 0.902

Estradiol (pmol/L) 237.69� 185.14 268.48� 257.18 0.136

PRL (ng/mL) 12.67� 7.04 12.72� 8.47 0.934

Testosterone (nmol/L) 2.33� 0.86 2.35� 0.91 0.853

SHBG (nmol/L) 45.17� 28.05 39.67� 23.64 0.021

FAI 7.42� 5.96 8.66� 7.31 0.044

AD (ng/mL) 3.40� 1.27 3.48� 1.48 0.450

AMH (ng/mL) 8.57� 4.18 7.69� 3.48 0.116

TSH (mIU/L) 2.28� 2.49 2.24� 1.79 0.849

FBG (mmol/L) 5.04� 0.52 5.29� 1.02 0.001

Glucose 2h (mmol/L) 6.32� 1.46 6.77� 2.33 0.045

FINS (mIU/mL) 6.41� 4.09 7.65� 5.71 0.007

Insulin 2h (lIU/mL) 60.62� 52.89 63.71� 58.89 0.603

HOMA-IR 1.45� 1.00 1.88� 1.72 0.002

TG (mmol/L) 1.06� 0.77 1.18� 0.77 0.078

TC (mmol/L) 4.57� 0.86 4.76� 0.97 0.019

LDL-c (mmol/L) 2.60� 0.77 2.78� 0.85 0.014

Analyses were performed using the independent t test. Values are mean� standard deviation.

PCOS, polycystic ovary syndrome; FH-, negative family history of type 2 diabetes mellitus; FHþ, positive family history of

type 2 diabetes mellitus; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist-to-hip

ratio; LH, luteinizing hormone; FSH, follicle-stimulating hormone; PRL, prolactin; SHBG, sex hormone-binding globulin;

FAI, free androgen index; AD, androstenedione; AMH, anti-Müllerian hormone; TSH, thyroid-stimulating hormone; FBG,

fasting blood glucose; glucose 2h, glucose 2 hours after a 75-g oral glucose load; FINS, fasting insulin; insulin 2h, insulin 2

hours after a 75-g oral glucose load; HOMA-IR, homeostatic model assessment for insulin resistance; TG, triglycerides;

TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol.
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PCOS and different types of a FH of
T2DM. We compared the clinical features
of patients with PCOS who had a FH of
T2DM in first-degree relatives with those
who had a FH of T2DM in second-degree
relatives. Additionally, the differences in
endocrinological and metabolic characteris-
tics were identified between patients with
PCOS and a maternal FH of T2DM and
those with a paternal FH of T2DM.

This study showed significant differences
in glucose and lipid metabolism between
patients with PCOS with and without a
FH of T2DM, including FBG, glucose 2h,
FINS, HOMA-IR, TC, and LDL-c levels.
These findings are consistent with previous
studies.13–15 These findings indicated that
there were more severe abnormalities in glu-
cose and lipid metabolism in patients who
were non-obese and had PCOS with a FH

Table 2. Comparison of clinical characteristics, and endocrinological and metabolic parameters in patients
with polycystic ovary syndrome and a family history of type 2 diabetes mellitus in first-degree or second-
degree relatives.

First-degree

FHþ (n¼ 83)

Second-degree

FHþ (n¼ 120) p value

Age (years) 28.16� 4.47 25.76� 3.73 <0.001

BMI (kg/m2) 22.58� 3.25 21.75� 3.04 0.065

WC (cm) 80.47� 9.89 77.71� 9.48 0.130

HC (cm) 96.69� 7.24 94.97� 7.22 0.208

WHR 0.83� 0.06 0.82� 0.06 0.197

LH (IU/L) 11.64� 7.57 13.23� 10.67 0.242

FSH (IU/L) 6.98� 1.92 7.07� 2.26 0.760

LH/FSH ratio 1.71� 1.00 1.84� 1.34 0.440

Estradiol (pmol/L) 262.26� 247.65 273.10� 265.09 0.775

PRL (ng/mL) 13.25� 10.60 12.34� 6.57 0.464

Testosterone (nmol/L) 2.40� 1.03 2.32� 0.81 0.550

SHBG (nmol/L) 38.57� 22.89 40.41� 24.21 0.606

FAI 9.05� 7.17 8.39� 7.43 0.548

AD (ng/mL) 3.62� 1.35 3.38� 1.57 0.300

AMH (ng/mL) 7.78� 3.60 7.64� 3.45 0.869

TSH (mIU/L) 2.01� 1.03 2.40� 2.15 0.142

FBG (mmol/L) 5.49� 1.43 5.15� 0.56 0.049

Glucose 2h (mmol/L) 7.26� 2.74 6.39� 1.88 0.033

FINS (lIU/mL) 8.90� 7.60 6.78� 3.69 0.024

Insulin 2h (lIU/mL) 71.67� 70.44 57.56� 47.71 0.171

HOMA-IR 2.34� 2.37 1.55� 0.94 0.007

TG (mmol/L) 1.31� 0.79 1.08� 0.75 0.056

TC (mmol/L) 4.69� 1.01 4.81� 0.95 0.440

LDL-c (mmol/L) 2.81� 0.87 2.75� 0.83 0.622

Analyses were performed using the independent t test. Values are mean � standard deviation.

FHþ, positive family history of type 2 diabetes mellitus; BMI, body mass index; WC, waist circumference; HC, hip

circumference; WHR, waist-to-hip ratio; LH, luteinizing hormone; FSH, follicle-stimulating hormone; PRL, prolactin;

SHBG, sex hormone-binding globulin; FAI, free androgen index; AD, androstenedione; AMH, anti-Müllerian hormone;

TSH, thyroid-stimulating hormone; FBG, fasting blood glucose; glucose 2h, glucose 2 hours after a 75-g oral glucose load;

FINS, fasting insulin; insulin 2h, insulin 2 hours after a 75-g oral glucose load; HOMA-IR, homeostatic model assessment for

insulin resistance; TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol.
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of T2DM than those without a FH of
T2DM. We also found that patients with
PCOS and a FH of T2DM had lower
SHBG levels than those without a FH of
T2DM. Binding of testosterone by SHBG
does not result in biological effects, and
only approximately 1% to 2% of unbound
free testosterone has biological activity.24

Therefore, SHBG levels can be used to
judge the severity of hyperandrogenism. A
decrease in SHBG levels may lead to an
increase in free testosterone levels in
plasma. In this study, the FAI was higher
in patients with PCOS and a FH of T2DM
than in those without a FH of T2DM.
Ehrmann et al.13 found that the waist-to-
hip ratio of patients with PCOS and a FH
of T2DM was significantly increased, but
this was not observed in our study. We
speculate that the distinctive inclusion crite-
ria of patients might have led to this differ-
ence between studies.

First-degree relatives of patients with
diabetes are at increased risk of developing
this disorder or having adverse metabolic
outcomes compared with those with no

FH of diabetes.25–28 This is also the case
for second-degree relatives of patients with
diabetes.29,30 First-degree relatives of
patients with PCOS have a high risk of dia-
betes and glucose intolerance.31 A FH of
T2DM reflects a combination of genetic
susceptibility, and shared environmental
and behavioral factors.32 Our study
showed that levels of FBG, glucose 2h,
FINS, and HOMA-IR in the first-degree
FHþ group were significantly higher than
those in the second-degree FHþ group.
However, our study suggested that a FH
of T2DM in first-degree or second-degree
relatives might only independently affect
FBG levels in patients with PCOS .

Whether maternal or paternal inheritance
is more significant in diabetes is controver-
sial. In several studies, a maternal history of
diabetes was stronger than a paternal history
of diabetes among diabetes populations.33

Additionally, children with a parental histo-
ry of diabetes, and especially a maternal his-
tory of diabetes, have an elevated risk for
T2DM.27 Animal models of gestational dia-
betes or maternal hyperglycemia have

Table 3. Results of multivariate linear regression models (first-/second-degree FH).

Age WC HC BMI

First-/second-

degree FH

B# p B# p B# p B# p B# p

SHBG (nmol/L) / 0.705 �0.191 0.014 / 0.211 �0.257 0.001 / 0.120

FAI �0.133 0.004 0.186 0.014 / 0.139 0.334 <0.001 / 0.303

FBG (mmol/L) 0.111 0.024 0.277 <0.001 / 0.269 / 0.534 0.113 0.018

Glucose 2h (mmol/L) 0.167 0.003 / 0.103 / 0.053 0.281 <0.001 / 0.130

FINS (lIU/mL) / 0.658 0.405 <0.001 / 0.077 0.209 0.003 / 0.188

Insulin 2h (lIU/mL) / 0.880 0.351 <0.001 / 0.677 / 0.057 / 0.436

HOMA-IR / 0.498 0.426 <0.001 / 0.380 0.187 0.007 / 0.097

TG (mmol/L) 0.123 0.012 0.203 0.011 / 0.423 0.159 0.047 / 0.337

TC (mmol/L) 0.148 0.004 / 0.283 / 0.217 / 0.086 / 0.059

LDL-c (mmol/L) 0.125 0.014 / 0.178 / 0.589 0.232 <0.001 / 0.099

#Standardized coefficient beta.

FH, family history; WC, waist circumference; HC, hip circumference; BMI, body mass index; SHBG, sex hormone-binding

globulin; FAI, free androgen index; FINS, fasting insulin; insulin 2h, insulin 2 hours after a 75-g oral glucose load; HOMA-IR,

homeostatic model assessment for insulin resistance; TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipo-

protein cholesterol.
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highlighted long-term changes in the off-
spring, including increased adiposity, insulin
resistance, and b-cell dysfunction.34

However, fathers, not mothers, might be dis-
proportionately burdened with cardiovascu-
lar disease in families with PCOS.35 In our
study, patients with PCOS and a maternal
history of T2DM had higher androgen levels
and more severe lipid metabolic disorders
than those with a paternal history of
T2DM. Multivariable analysis further
showed that levels of FBG, glucose 2h,

FINS, and HOMA-IR were higher in
patients with PCOS with a maternal history
of T2DM than in those with a paternal his-
tory of T2DM. Proposed explanations for
this finding include mitochondrial DNA
mutations,36,37 the intrauterine environ-
ment,38 and behavioral influence of the
mother.39,40 Epigenetic changes play an
important role in regulating gene expression
during early development. Recent studies
have identified a number of epigenetic mod-
ifications in the offspring associated

Table 4. Comparison of clinical characteristics, and endocrinological and metabolic parameters in patients
with polycystic ovary syndrome and a paternal or maternal family history of type 2 diabetes mellitus.

Paternal

FHþ (n¼ 44)

Maternal

FHþ (n¼ 34) p value

Age (years) 27.49� 3.71 28.71� 4.99 0.223

BMI (kg/m2) 21.79� 3.13 23.68� 3.01 0.009

WC (cm) 78.18� 9.87 83.18� 8.69 0.082

HC (cm) 95.32� 6.97 98.05� 6.34 0.182

WHR 0.82� 0.55 0.85� 0.64 0.103

LH (IU/L) 11.37� 7.14 12.12� 8.62 0.679

FSH (IU/L) 6.86� 1.74 7.09� 2.12 0.606

LH/FSH ratio 1.69� 1.00 1.75� 1.04 0.781

Estradiol (pmol/L) 295.09� 305.71 218.24� 151.18 0.190

PRL (ng/mL) 14.12� 13.08 11.94� 6.96 0.390

Testosterone (nmol/L) 2.33� 1.04 2.55� 1.03� 0.363

SHBG (nmol/L) 44.92� 23.96 30.29� 18.85 0.007

FAI 7.44� 5.89 11.02� 7.91 0.034

AD (ng/mL) 3.54� 1.38 3.67� 1.15 0.692

AMH (ng/mL) 8.13� 4.33 6.90� 1.97 0.411

TSH (mIU/L) 1.90� 0.89 2.16� 1.07 0.266

FBG (mmol/L) 5.44� 1.09 5.63� 1.83 0.591

Glucose 2h (mmol/L) 6.50� 1.58 7.90� 3.39 0.054

FINS (lIU/mL) 8.39� 7.64 9.72� 8.00 0.473

Insulin 2h (lIU/mL) 54.54� 48.39 80.76� 84.06 0.169

HOMA-IR 2.09� 2.19 2.68� 2.64 0.310

TG (mmol/L) 1.11� 0.56 1.53� 0.98 0.026

TC (mmol/L) 4.76� 1.17 4.56� 0.80 0.415

LDL-c (mmol/L) 2.82� 1.01 2.81� 0.69 0.988

Analyses were performed using the independent t test. Values are mean � standard deviation.

FHþ, positive family history of type 2 diabetes mellitus; BMI, body mass index; WC, waist circumference; HC, hip

circumference; WHR, waist-to-hip ratio; LH, luteinizing hormone; FSH, follicle-stimulating hormone; PRL, prolactin;

SHBG, sex hormone-binding globulin; FAI, free androgen index; AD, androstenedione; AMH, anti-Müllerian hormone;

TSH, thyroid-stimulating hormone; FBG, fasting blood glucose; glucose 2h, glucose 2 hours after a 75-g oral glucose load;

FINS, fasting insulin; insulin 2h, insulin 2 hours after a 75-g oral glucose load; HOMA-IR, homeostatic model assessment for

insulin resistance; TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol.
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with maternal hyperglycemia.34 These bio-

logical mechanisms may lie behind our

findings.
One limitation of our study is that we

assessed a FH of T2DM by questionnaires,

but we did not obtain information from the

patients’ medical records. Use of patient

recall rather than direct testing of family

members is a common approach in studies

assessing a FH and this is especially true for

studies including a large sample size.

However, use of questionnaires might

have had a negative effect on the reliability

of our findings. Additionally, the small

sample size is a weakness of the study and

may lead to false positives. Further clinical

studies with a larger sample size are

required to verify the findings.
In summary, we present evidence that

patients who are non-obese and have

PCOS and a FH of T2DM have an adverse

metabolic profile. A history of T2DM with

maternal transmission appears to be an

important factor in predicting the risks of

glucose metabolic abnormalities in women

with PCOS.
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Table 5. Results of multivariate linear regression models (maternal/paternal FH).

Age WC HC BMI

Maternal/

paternal FH

B# p B# p B# p B# p B# p

SHBG (nmol/L) / 0.724 �0.190 0.014 / 0.201 �0.256 0.001 / 0.095

FAI �0.128 0.006 0.182 0.016 / 0.109 0.330 <0.001 / 0.191

FBG (mmol/L) 0.097 0.048 0.275 <0.001 / 0.293 / 0.470 0.171 <0.001

Glucose 2h (mmol/L) 0.127 0.022 0.262 0.005 �0.269 0.002 0.295 0.001 0.170 0.002

FINS (lIU/mL) / 0.450 0.396 <0.001 / 0.064 0.218 0.001 0.101 0.014

Insulin 2h (lIU/mL) / 0.820 0.354 <0.001 / 0.741 / 0.053 / 0.118

HOMA-IR / 0.758 0.413 <0.001 / 0.350 0.199 0.003 0.142 0.001

TG (mmol/L) 0.125 0.011 0.201 0.012 / 0.398 0.157 0.050 / 0.070

TC (mmol/L) 0.146 0.004 / 0.251 / 0.184 / 0.072 / 0.241

LDL-c (mmol/L) 0.120 0.018 / 0.161 / 0.514 0.238 <0.001 / 0.252

Analyses were performed using multiple stepwise regression analysis. #Standardized coefficient beta.

FH, family history; WC, waist circumference; HC, hip circumference; BMI, body mass index; SHBG, sex hormone-binding

globulin; FAI, free androgen index; FBG, fasting blood glucose; glucose 2h, glucose 2 hours after a 75-g oral glucose load;

FINS, fasting insulin; insulin 2h, insulin 2 hours after a 75-g oral glucose load; HOMA-IR, homeostatic model assessment for

insulin resistance; TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol.

Wang et al. 9

https://orcid.org/0000-0001-5847-1874
https://orcid.org/0000-0001-5847-1874
https://orcid.org/0000-0001-5847-1874


References

1. Azziz R, Carmina E, Chen Z, et al.

Polycystic ovary syndrome. Nat Rev Dis

Primers 2016; 2: 16057.
2. Sam S and Dunaif A. Polycystic ovary syn-

drome: syndrome XX? Trends Endocrinol

Metab 2003; 14: 365–370.
3. Anagnostis P, Tarlatzis BC and Kauffman

RP. Polycystic ovarian syndrome (PCOS):

Long-term metabolic consequences. Metab

Clin Exp 2018; 86: 33–43.
4. Moghetti P. Insulin Resistance and

Polycystic Ovary Syndrome. Curr Pharm

Des 2016; 22: 5526–5534.
5. Diamanti-Kandarakis E. Insulin resistance

in PCOS. Endocrine 2006; 30: 13–17.
6. Diamanti-Kandarakis E and Papavassiliou

AG. Molecular mechanisms of insulin resis-

tance in polycystic ovary syndrome. Trends

Mol Med 2006; 12: 324–332.
7. Diamanti-Kandarakis E and Dunaif A.

Insulin resistance and the polycystic ovary

syndrome revisited: an update on mecha-

nisms and implications. Endocr Rev 2012;

33: 981–1030.

8. Diamanti-Kandarakis E, Papavassiliou AG,

Kandarakis SA, et al. Pathophysiology and

types of dyslipidemia in PCOS. Trends

Endocrinol Metab 2007; 18: 280–285.
9. Lunde O, Magnus P, Sandvik L, et al.

Familial clustering in the polycystic ovarian

syndrome. Gynecol Obstet Invest 1989; 28:

23–30.
10. Kahsar-Miller MD, Nixon C, Boots LR,

et al. Prevalence of polycystic ovary syn-

drome (PCOS) in first-degree relatives of

patients with PCOS. Fertil Steril 2001; 75:

53–58.
11. Kulshreshtha B, Singh S and Arora A.

Family background of Diabetes Mellitus,

obesity and hypertension affects the pheno-

type and first symptom of patients

with PCOS. Gynecol Endocrinol 2013; 29:

1040–1044.
12. Yilmaz B, Vellanki P, Ata B, et al. Diabetes

mellitus and insulin resistance in mothers,

fathers, sisters, and brothers of women

with polycystic ovary syndrome: a systemat-

ic review and meta-analysis. Fertil Steril

2018; 110: 523–533.e14.

13. Ehrmann DA, Kasza K, Azziz R, et al.

Effects of race and family history of type 2

diabetes on metabolic status of women with

polycystic ovary syndrome. J Clin Endocrinol

Metab 2005; 90: 66–71.
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