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Abstract
Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder in women of reproductive age. Mothers
with PCOS are at increased risk of various gestational complications and adverse outcomes of offspring. The health
problems, including neurobehavioral phenotypes, of PCOS offspring has attracted wide attention and been associated
with intrauterine environment changes due to maternal PCOS. Using neonatal behavioral neurological assessment
(NBNA), we conducted measurement of neonate’s neurodevelopment on the third day after birth. Total score of NBNA
and score of behavioral capacity, orientation response-animate visual and auditory, were significantly lower in PCOS
group than those in control group. Concerning sex difference, we found significantly lower total score of NBNA and
score of behavioral capacity, orientation response-inanimate visual, in male neonates of PCOS group compared to
those of control group, while this did not exist in female neonates. In conclusion, our data indicated an association
between maternal PCOS and offspring neurobehavior at the beginning of neonatal period in a sex-specific manner.
Further evidence of intrauterine environment is required to clarify the potential mechanism underlying impacts of
maternal PCOS on neurodevelopment.

What is known
Mothers with PCOS are at increased risk of gestational diabetes, hypertension, endothelial dysfunction and pre-
eclampsia, which can alter the fetal endocrine environment, leading to adverse outcomes in offspring. The babies
born to PCOS mothers had a significantly higher risk of admission to a neonatal intensive care unit and a higher
perinatal mortality, unrelated to multiple births. A significantly higher prevalence of obesity, diabetes, cardiovascular
disease was observed in offspring of women with PCOS, which could not be completely attributed to pregnancy
complications, and seems to be more related to maternal PCOS condition, which our studies also lend support
to. Concerning neurobehavioral phenotypes, maternal PCOS has been reported to respectively increase the odds of
offspring attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorders (ASD) by 42% and
59%. Consistently, the previous work of the author’s group has suggested a different pattern of brain metrics in PCOS
offspring in utero, and alterations of neurobehavioral phenotypes in female offspring of both women with PCOS and
PCOS model rats which might involve learning and memory. 

What is new: Neonatal behavioral neurological assessment (NBNA) was used as the measurement of neonates
neurodevelopment in the current study, which was administered on the third day after birth. NBNA was invented by
Bao et al based on the method of Brazelton and Amiel-Tison for behavioral neurological measurement in neonates as
well as the clinical experiences in Chinese new-borns. The NBNA was tested with distinct stability and reliability by
several large cohorts in China, and showed high consistency over various geographic locations .

In the current study, total score of NBNA and score of behavioral capacity, orientation response-animate visual and
auditory, were significantly lower in PCOS group than those in control group. Moreover, male neonates in PCOS group
showed significantly lower total score of NBNA and score of behavioral capacity, especially orientation response-
inanimate visual, than those in controls, while the female PCOS neonates did not. This result indicated that PCOS
offspring probably showed social attention impairments, and that the male neonates of women with PCOS might
have lower visual sensory ability of nonsocial information, which appeared as early as the beginning of the neonatal
period. The possible explanation for sex difference in neurobehavior of PCOS offspring is that intrauterine androgen
exposure in male PCOS offspring is most enhanced resulting from both maternal PCOS condition and fetal testicular
function. 

INTRODUCTION
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Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder in women of reproductive age. Women
with PCOS exhibit heterogeneous features which involve reproductive, metabolic and psychological function [1, 2].
The specific gene mutations affecting androgen synthesis, insulin secretion and insulin activity explain most of the
endocrine and metabolic symptoms, while environmental risk factors (during either prenatal or postnatal life), seem to
convert an occult PCOS into a clinically manifest syndrome[3].

Mothers with PCOS are at increased risk of gestational diabetes, hypertension, endothelial dysfunction and pre-
eclampsia, which can alter the fetal endocrine environment, leading to adverse outcomes in offspring[4]. The babies
born to PCOS mothers had a significantly higher risk of admission to a neonatal intensive care unit and a higher
perinatal mortality, unrelated to multiple births[5]. A significantly higher prevalence of obesity, diabetes, cardiovascular
disease was observed in offspring of women with PCOS, which could not be completely attributed to pregnancy
complications, and seems to be more related to maternal PCOS condition[6-9], which our studies also lend support
to[10-12]. Concerning neurobehavioral phenotypes, maternal PCOS has been reported to respectively increase the
odds of offspring attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorders (ASD) by 42% and
59%[13-16]. Consistently, the previous work of the author’s group has suggested a different pattern of brain metrics in
PCOS offspring in utero[17], and alterations of neurobehavioral phenotypes in female offspring of both women with
PCOS[18] and PCOS model rats[19] which might involve learning and memory. Hence, further study is needed to
confirm the role of maternal PCOS in early offspring neurodevelopment for both boys and girls.

METHODS
The recruitment of pairs of mother and neonate and collection of clinical information

This study was conducted between December 2016 and June 2017 in two hospitals in China, including Hangzhou
Red Cross Hospital and Sir Run Run Shaw Hospital, School of Medicine, Zhejiang University. Nineteen neonates born
to mothers with PCOS and 38 neonates (as controls) born to the healthy mothers were recruited. Written informed
consent was obtained from all the women. The study was approved by the Ethics Committee of Hangzhou Red Cross
Hospital, Hangzhou, China. All mothers with PCOS were diagnosed according to the Rotterdam Consensus (European
Society for Human Reproduction and Embryology/American Society for Reproductive Medicine criteria)[20]. During
recruitment, the mother’s age, body weight, height, pregnancy complication, parity, educational background and
conception mode were noted. Birth mode, gestational week, gender, birth weight, serum bilirubin and Apagar score of
neonates were recorded after birth.

Assessment of growth and neurodevelopment status of neonates

Neonatal behavioral neurological assessment (NBNA) was used as the measurement of neonates neurodevelopment
in the current study, which was administered on the third day after birth. NBNA was invented by Bao et al[21] based on
the method of Brazelton and Amiel-Tison for behavioral neurological measurement in neonates as well as the clinical
experiences in Chinese new-borns. The NBNA was tested with distinct stability and reliability by several large cohorts
in China, and showed high consistency over various geographic locations [22, 23].

The NBNA assesses functional abilities, most reflexes and responses, and stability of behavioural status during the
examination. It involves five scales: behavior (six items), passive tone (four items), active tone (four items), primary
reflexes (three items), and general assessment (three items). Each above item has three dimensions of score (0, 1 and
2). Twenty items are summarized in the summary score with a maximum score of 40. Neonates with summary score
more than 37 were considered to be well developed, and those with summary score more than 35 and lower than 37
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were considered to be acceptable, otherwise neonates would probably be associated with poor clinical outcomes.
Examiners were blinded with regard to exposure status when NBNA were carried out.

Statistical analysis

All data were analyzed with SPSS Version 21.0. Independent sample t-test was used to compare variables
approximately normally distributed, and a nonparametric test (Mann-Whitney U test) was used for variables with
distributions other than normal. Numeration data were analyzed using chi-square test and Fisher’s exact test when the
cell count was <5. P<0.05 was considered statistically significant.

RESULTS
Baseline clinical characteristics

Concerning the mothers: age, BMI, duration of pregnancy, pregnancy complication, educational background and mode
of delivery did not differ between two groups (all P>0.05, Table 1). However, mode of conception and parity differed
significantly between two groups (P=0.010 and P=0.003, respectively, Table 1). Concerning the offspring: gender, birth
weight, and Apgar score were comparable between two groups (all P>0.05, Table 1). After divided into subgroups
based on neonatal gender, we observed comparable baseline clinical characteristics of both mothers and neonates
(all P>0.05, Table 2) except mothers’ parity in subgroup of male offspring and mode of conception in subgroup of
female offspring (P=0.010 and P=0.023, respectively, Table 2). 

Table 1 Baseline clinical characteristics of pairs of mothers and neonates
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Characteristics PCOS(n=19) Control(n=38) P value

Mother      

Age(years) 31.16±4.03 31.73±4.10 0.621

BMI(kg/m2) 26.42±3.54 27.36±2.75 0.291

Mode of conception      

     Natural 15(78.95) 38(100.00) 0.010*

     Ovulation induction 2(10.53) 0

     IVF/ICSI 2(10.53) 0

Gestational week 39.65±1.15 39.33±0.94 0.274

Pregnancy complication      

     Gestational diabetes mellitus 2(10.50) 6(15.80) 0.590

     Thyroid dysfunction 4(21.10) 4(10.50) 0.500

     Group B streptococcal infection 2(10.50) 1(2.60) 0.529

Parity 1.22±0.55 1.70±0.52 0.003#

Educational background**      

     University 11(57.90) 10(27.00) 0.063

     High school 6(31.60) 15(40.50)

     Less than high school 2(10.50) 12(32.40)

Mode of delivery      

     Vaginal delivery 10(52.60) 26(68.40) 0.244

     Cesarean section delivery 9(47.40) 12(31.60)

Offspring      

Neonatal gender      

     Male 10(52.60) 18(47.40) 0.708

     Female 9(47.40) 20(52.60)

Birth weight(g) 3392.11±424.02 3426.32±321.26 0.735

Apgar score 10.00±0.00 10.00±0.00 -

Note: Data were presented as mean±SD or number (percentage). *P<0.05, compared with control group; #P<0.01,
compared with control group. **Missing data for one subject. 

Table 2 Baseline clinical characteristics of pairs of mothers and neonates in subgroups based on neonatal gender
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Characteristics Male offspring(n=28) Female offspring(n=29)

PCOS(n=10) Control(n=18) P
value

PCOS(n=9) Control(n=20) P
value

Mother            

Age(years) 30.60±4.09 30.67±3.97 0.967 31.78±4.12 32.74±4.07 0.567

BMI(kg/m2) 26.85±3.25 27.95±2.46 0.332 25.94±4.01 26.81±2.96 0.538

Mode of
conception

           

  Natural 9(90.00) 18(100.00) 0.357 6(66.67) 20(100.00) 0.023*

     Ovulation
induction

0 0 2(22.22) 0

     IVF/ICSI 1(10.00) 0 1(11.11) 0

Gestational
week

39.60±1.40 39.60±0.67 0.988 39.70±0.86 39.09±1.09 0.150

Pregnancy
complication

           

  Gestational
diabetes
mellitus

0 4(22.22) 0.265 2(22.22) 2(10.00) 0.568

  Thyroid
dysfunction

3(30.00) 1(5.56) 0.116 1(11.11) 3(15.00) 1.000

  Group B
streptococcal
infection

1(10.00) 1(5.56) 1.000 1(11.11) 0 0.310

Parity 1.20±0.42 1.71±0.47 0.010* 1.25±0.71 1.70±0.57 0.090

Educational
background**

           

  University 4(40.00) 3(16.67) 0.280 7(77.78) 7(36.84) 0.176

  High school 5(50.00) 9(50.00) 1(11.11) 6(31.58)

  Less than
high school

1(10.00) 6(33.33) 1(11.11) 6(31.58)

Mode of
delivery

           

  Vaginal
delivery

4(40.00) 8(44.44) 1.000 6(66.67) 18(90.00) 0.287

     Cesarean
section
delivery

6(60.00) 10(55.56) 3(33.33) 2(10.00)

Offspring            

Birth weight(g) 3565.00±323.22 3541.67±338.79 0.861 3200.00±456.21 3322.50±272.65 0.374
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Apgar score 10.00±0.00 10.00±0.00 - 10.00±0.00 10.00±0.00 -

Note: Data were presented as mean±SD or number (percentage). *P<0.05, compared with control group. ** Missing
data for one subject. 

Neonatal neurodevelopment

Total score of NBNA and score of behavioral capacity (especially in orientation response-animate visual and auditory)
were significantly lower in PCOS group than those in control group (all P<0.05). In active muscle tension, passive
muscle tension, primitive reflex and general status, NBNA score were comparable between two groups (all P>0.05,
Table 3).

To investigate the gender difference, we compared neonatal neurodevelopment between girls and boys in both PCOS
and control groups. On one hand, male neonates in PCOS group showed significantly lower total score of NBNA and
score of behavioral capacity, especially orientation response-inanimate visual, than those in control group (all P<0.05),
but there was no statistical difference between two groups in active muscle tension, passive muscle tension, primitive
reflex and general status. On the other hand, female neonates were comparable in all items of NBNA score between
PCOS and control groups (all P>0.05, Table 4). In addition, we found no statistical differences in all items of NBNA
scores between female neonates and male neonates in both PCOS and control groups (all P>0.05, Table 4).

Table 3 Comparison of NBNA between PCOS group and control group
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Item PCOS(n=19) Control(n=38) P value

Total NBNA 36.68±1.11 37.76±1.08 0.001#

BC 8.84±1.12 9.92±1.08 0.001#

AMT 7.95±0.23 7.97±0.16 0.618

PMT 8.00±0.00 7.95±0.23 0.317

PR 5.89±0.32 5.92±0.27 0.746

GS 6.00±0.00 6.00±0.00 -

Response decrement to light 2.00±0.00 2.00±0.00 -

Response decrement to rattle 1.84±0.37 1.97±0.16 0.158

Orientation response-inanimate auditory 1.26±0.45 1.53±0.51 0.054

Orientation response-inanimate visual 1.05±0.52 1.21±0.41 0.220

Orientation response-animate visual and auditory 0.89±0.66 1.24±0.43 0.022*

Consolability 1.79±0.42 1.97±0.16 0.079

Scarf sigh 2.00±0.00 2.00±0.00 -

Recoil of upper limbs 2.00±0.00 2.00±0.00 -

Recoil of lower limbs 2.00±0.00 2.00±0.00 -

Popliteal angle 1.95±0.23 1.97±0.16 0.618

Raise to sit 2.00±0.00 2.00±0.00 -

Hand grasp 2.00±0.00 1.95±0.23 0.160

Pull reaction 2.00±0.00 2.00±0.00 -

Righting reaction 2.00±0.00 2.00±0.00 -

Automatic walking 1.89±0.32 1.92±0.27 0.746

Moro reflex 2.00±0.00 2.00±0.00 -

Sucking 2.00±0.00 2.00±0.00 -

Alertness 2.00±0.00 2.00±0.00 -

Crying 2.00±0.00 2.00±0.00 -

Activity level 2.00±0.00 2.00±0.00 -

Note: Data were presented as mean±SD. *P<0.05, compared with control group; #P<0.01, compared with control group.
AMT=active muscle tension, BC=behavioral capacity, GS=general status, NBNA=neonatal behavioral neurological
assessment, PMT=passive muscle tension, PR=primitive reflex.  

Table 4 Comparison of NBNA between PCOS group and control group based on neonatal gender
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Item PCOS(n=19) Control(n=38) P value

Female

(n=9)

Male

(n=10)

Female

(n=20)

Male

(n=18)

PF
vs.
CF

PM
vs.
CM

PF
vs.
PM

CF
vs.
CM

Total NBNA 36.67±1.50 36.70±0.67 37.65±1.04 37.89±1.13 0.050 0.006# 0.950 0.502

BC 9.00±1.50 8.70±0.67 9.80±1.11 10.06±1.06 0.118 0.001# 0.574 0.472

AMT 7.89±0.33 8.00±0.00 8.00±0.00 7.94±0.24 0.347 0.466 0.347 0.331

PMT 8.00±0.00 8.00±0.00 7.95±0.22 7.94±0.24 0.512 0.466 - 0.941

PR 5.78±0.44 6.00±0.00 5.90±0.31 5.94±0.24 0.395 0.466 0.169 0.623

GS 6.00±0.00 6.00±0.00 6.00±0.00 6.00±0.00 - - - -

Response
decrement to
light

2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Response
decrement to
rattle

1.89±0.33 1.80±0.42 2.00±0.00 1.94±0.24 0.347 0.337 0.620 0.331

Orientation
response-
inanimate
auditory

1.33±0.50 1.20±0.42 1.50±0.51 1.56±0.51 0.422 0.061 0.537 0.740

Orientation
response-
inanimate visual

1.22±0.67 0.90±0.32 1.20±0.41 1.22±0.43 0.913 0.048* 0.213 0.871

Orientation
response-
animate visual
and auditory

0.78±0.67 1.00±0.67 1.15±0.37 1.33±0.49 0.146 0.140 0.478 0.202

Consolability 1.78±0.44 1.80±0.42 1.95±0.22 2.00±0.00 0.294 0.168 0.912 0.350

Scarf sigh 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Recoil of upper
limbs

2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Recoil of lower
limbs

2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Popliteal angle 1.89±0.33 2.00±0.00 2.00±0.00 1.94±0.24 0.347 0.466 0.347 0.331

Raise to sit 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Hand grasp 2.00±0.00 2.00±0.00 1.95±0.22 1.94±0.24 0.512 0.466 - 0.941

Pull reaction 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Righting reaction 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Automatic
walking

1.78±0.44 2.00±0.00 1.90±0.31 1.94±0.24 0.395 0.466 0.169 0.623

Moro reflex 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -
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Sucking 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Alertness 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Crying 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Activity level 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 - - - -

Note: Data were presented as mean±SD. PF=PCOS female group, PM=PCOS male group, CF=control female group,
CM=control male group, AMT=active muscle tension, BC=behavioral capacity, GS=general status, NBNA=neonatal
behavioral neurological assessment, PMT=passive muscle tension, PR=primitive reflex. *P<0.05, significant
difference; #P<0.01, significant difference.

Discussion
Little is known about the effects of maternal PCOS on fetal development[23]. During pregnancy, PCOS women have
been shown to have increased blood androgen concentrations compared to control women[24]. This increase could
affect the intrauterine androgen exposure of offspring. Female infants born to women with PCOS were found to have
umbilical testosterone concentrations not only higher than control females but comparable to control males[25]. A
positive association was found between elevated fetal testosterone in amniotic fluid and autistic features[26].
Elevated fetal testosterone in the mixture of arterial and venous umbilical cord blood also showed a high risk of
language delay, particularly in male children[27]. Recent studies support the hypothesis that prenatal exposure to
testosterone contributes to cognitive function development[28]. This would suggest that maternal PCOS with excess
androgens, would increase the risk of ASD in the offspring[29].

ASD is a set of heterogenous neurodevelopment conditions characterised by deficits in social communication, as well
as severe anxiety and repetitive, restricted behaviour and interests[30-32], with worldwide prevalence of 1% to 2%[33-
37]. The aetiology of autism is not fully understood, but genetics and early environmental factors can be the main
causes of affecting the neurodevelopment[38-41]. Possible risk factors include advanced parental age[42, 43],
exposure to chemicals[40, 44-47] and hormones[48-50] during pregnancy and perinatal and neonatal
complications[39]. High prenatal fetal testosterone levels could affect the development of sexually dimorphic brain
structures, thus lead to sex differences and autistic traits in individuals[51]. This idea is supported by the ‘extreme
male brain of autism’ theory[52] that extend the ‘empathising-systemising theory’ in typical sex differences[53]. These
theories argue that individuals with ASD have male-typical ‘systemising’ cognitive abilities, considered as the drive to
analyse and construct a system and less female-typical ‘empathising’ profiles[52, 53]. Nevertheless, they were
challenged by controversial evidence. Kung et al. showed no evidence in their study testing autistic traits in children
with congenital adrenal hyperplasia and typically developing children with amniotic fluid[54]. Considerable research
has found that children with autism orient less frequently to both social and nonsocial stimuli than their peers[55].
ASD children showed distinct visual working memory and sensory processing[56].

In the current study, total score of NBNA and score of behavioral capacity, orientation response-animate visual and
auditory, were significantly lower in PCOS group than those in control group. Moreover, male neonates in PCOS group
showed significantly lower total score of NBNA and score of behavioral capacity, especially orientation response-
inanimate visual, than those in controls, while the female PCOS neonates did not. This result indicated that PCOS
offspring probably showed social attention impairments, and that the male neonates of women with PCOS might
have lower visual sensory ability of nonsocial information, which appeared as early as the beginning of the neonatal
period. The possible explanation for sex difference in neurobehavior of PCOS offspring is that intrauterine androgen
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exposure in male PCOS offspring is most enhanced resulting from both maternal PCOS condition and fetal testicular
function.

Limitations in the present study point to the direction of our future work. Firstly, increasing sample size is crucial to
provide statistical power. This can be achieved by recruiting both more PCOS mothers and controls with an equal ratio
of sons and daughters. Secondly, intrauterine androgen exposure of PCOS offspring should be further clarified.
Currently, there is no established method that is both ethical and practical that can measure prenatal hormone
exposure[57]. An ideal method could be through fetal blood collected during the critical period of neurodevelopment,
but this is not feasible because of ethical reasons. Amniotic fluid is an alternative approach which probably reflects
testosterone in fetal blood, but the sampling procedure (amniocentesis) is only performed for prenatal diagnosis for
high-risk pregnancies[58]. In addition, intrauterine exposure of other endocrine factors besides androgen are also
promising to give interpretation for the altered neurodevelopment of PCOS offspring[59].

To sum up, the current study suggested an association between maternal PCOS and offspring neurobehavior at the
beginning of neonatal period in a sex-specific manner. Our findings provide a clue for the mechanism underlying that
prenatal androgen exposure impacts the neurodevelopment of offspring. However, our study is too small to answer
whether early attention or intervention is required for children of PCOS mothers. It should be noted that children of
PCOS mothers showed neurobehavior changes might related to autistic traits, but the risk of having children with ASD
for PCOS women is still rare[13, 60, 61]. Therefore, the association between two conditions should not be overstated
to avoid unnecessary stress on mothers with PCOS. Further research is required to understand the mechanisms of
PCOS and ASD, as well as the involvement in fetal, maternal hormone levels and other conditions to optimise clinical
interventions.

abbreviations

Abbreviations Full Name

ADHD attention-deficit/hyperactivity disorder

AMT active muscle tension

ASD autism spectrum disorders

BC behavioral capacity

CF control female group

CM control male group

GS general status

NBNA neonatal behavioral neurological assessment

PCOS polycystic ovarian syndrome

PF PCOS female group

PM PCOS male group

PMT passive muscle tension

PR primitive reflex
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