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STUDY QUESTION: Are children of mothers with polycystic ovary syndrome (PCOS) or anovulatory infertility at increased risks of obe-
sity or diabetes?

SUMMARY ANSWER: Maternal PCOS/anovulatory infertility is associated with an increased risk of offspring obesity from early age and
diabetes in female offspring from late adolescence.

WHAT IS KNOWN ALREADY: Women with PCOS often have comorbid metabolic disorders such as obesity and diabetes, and chil-
dren of mothers with PCOS have an increased risk of subtle signs of cardiometabolic alterations.

STUDY DESIGN, SIZE, DURATION: This was a nationwide cohort study of all live births (n¼ 1 105 997) during 1996–2014 in
Finland, excluding those with maternal diagnoses sharing signs and symptoms with PCOS (n¼ 8244). A total of 1 097 753 births were in-
cluded and followed up until 31 December 2018.

PARTICIPANTS/MATERIALS, SETTING, METHODS: National registries were linked to identify births with maternal PCOS or
anovulatory infertility (n¼ 24 682). The primary outcomes were diagnoses of obesity (ICD-10: E65, E66) and diabetes (ICD-10: E10–E14)
in offspring recorded in the Finnish Care Register for Health Care. Cox proportional hazards regression was modeled to analyze the risk
of offspring obesity and diabetes in relation to prenatal exposure to maternal PCOS/anovulatory infertility. Differently adjusted models
and stratified analyses were used to assess whether the risk was modified by maternal obesity or diabetes diagnoses, pre-pregnancy BMI,
fertility treatment or perinatal problems.

MAIN RESULTS AND THE ROLE OF CHANCE: Exposure to maternal PCOS/anovulatory infertility was associated with a higher
cumulative incidence of obesity in the children (exposed: 1.83%; 95% CI 1.66–2.00% vs unexposed: 1.24%; 95% CI 1.22–1.26%).
Accounting for birth factors and maternal characteristics such as obesity and diabetes diagnoses, the hazard ratio (HR) for obesity was in-
creased in offspring below 9 years of age (HR 1.58; 95% CI 1.30–1.81), and in those 10–16 years of age (HR 1.37; 95% CI 1.19–1.57), but
not in those aged 17–22 years (HR 1.24; 95% CI 0.73–2.11). Sex-stratified analyses revealed similar risk estimates for boys (HR 1.48; 95%
CI 1.31–1.68) and girls (HR 1.45; 95% CI 1.26–1.68). Notably, the joint effect of PCOS/anovulatory infertility and BMI-based pre-preg-
nancy obesity on offspring obesity (HR 8.89; 95% CI 7.06–11.20) was larger than that of either PCOS/anovulatory infertility or obesity
alone. Furthermore, PCOS/anovulatory infertility was associated with offspring obesity in children without perinatal problems (HR 1.27;
95% CI 1.17–1.39), with larger effect size for maternal PCOS/anovulatory infertility and joint perinatal problems (HR 1.61; 95% CI 1.35–
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1.91). However, the risk estimates were comparable between maternal PCOS/anovulatory infertility with (HR 1.54; 95% CI 1.17–2.03)
and without fertility treatment (HR 1.46; 95% CI 1.32–1.61). For offspring diabetes, the HR was increased only between 17 and 22 years
of age (HR 2.06; 95% CI 1.23–3.46), and specifically for Type 1 diabetes in females (HR 3.23; 95% CI 1.41–7.40).

LIMITATIONS, REASONS FOR CAUTION: The prevalence of PCOS/anovulatory infertility in this study was 2.2%, lower than that
reported in previous studies. In addition, the incidence of obesity in offspring was lower than that reported in studies based on measured
or self-reported weight and height and may include mainly moderate and severe obesity cases who needed and/or actively sought medical
care. Moreover, mothers with PCOS/anovulatory infertility were identified based on ICD codes, with no information on PCOS
phenotypes. Furthermore, maternal pre-pregnancy BMI was available only from 2004. The PCOS/anovulatory infertility association with
female offspring diabetes was based on only a few cases. Mothers’ weight gain during pregnancy, use of fertility treatment other than
fresh or frozen IVF/ICSI, offspring lifestyle, as well as fathers’ age, medical disorders or medication prescriptions were not available for
this study.

WIDER IMPLICATIONS OF THE FINDINGS: These findings support that prenatal PCOS/anovulatory infertility exposure influences
metabolic health in the offspring from early age.
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Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine-metabolic
disorder in reproductive-aged women, characterized by oligoovula-
tion/anovulation, clinical or biochemical hyperandrogenism, and poly-
cystic ovaries. Though women with PCOS have children as often as
women without PCOS (Joham et al., 2014), the affected women are
more likely to face fertility problems and to seek help from ART. In
addition, mothers with PCOS more often have pregnancy complica-
tions and less favorable pregnancy outcomes (Palomba et al., 2015;
Escobar-Morreale, 2018; Bahri Khomami et al., 2019). Furthermore,
PCOS is featured by a range of metabolic dysfunctions, such as obesity
and Type 2 diabetes (Teede et al., 2018).

PCOS status, associated comorbidities and pregnancy complications,
provide a suboptimal intrauterine environment for the fetus. Together
with genetic predisposition, and in consistence with the Barker hypoth-
esis (Hales and Barker, 2001), PCOS may have implications for meta-
bolic health in offspring. A meta-analysis observed subtle signs of
altered cardiometabolic health such as increased insulin resistance
and HDL-cholesterol concentrations in PCOS-exposed offspring aged
2–17 years old (Gunning et al., 2020). In addition, cohort studies have
revealed higher post-stimulated insulin levels or hyperinsulinism in
PCOS-exposed daughters, present around puberty and persisting dur-
ing postmenarchal period (Sir-Petermann et al., 2007; Kent et al.,
2008; Sir-Petermann et al., 2009; Crisosto et al., 2019). In male chil-
dren with PCOS exposure, heavier weight from infancy to adulthood,
and altered lipid metabolism during puberty have been reported
(Recabarren et al., 2008; Crisosto et al., 2017). Recently, a cohort
study found increased risks of PCOS diagnosis in daughters with ma-
ternal PCOS (Risal et al., 2019), but whether offspring with maternal
PCOS are more likely to develop metabolic diseases such as obesity

and diabetes remains unknown. In the general population, perinatal
problems including preterm birth, large or small for gestational age
(SGA) have been well established as risk factors for metabolic health
(Mericq et al., 2017). Also, it was recently reported that children born
after fertility treatment were at increased risk of metabolic dysfunc-
tions (Cui et al., 2020). Whether a putative association of maternal
PCOS with offspring obesity and/or diabetes would be modified by
perinatal problems and fertility treatment, or not, is unknown.

Based on the nationwide birth cohort in Finland, this study aimed to
examine the risks of offspring obesity and diabetes until 22 years of age
in relation to maternal PCOS. The risks were assessed in both male and
female children. Differently adjusted models and stratified analyses were
performed to investigate the effects of maternal diagnosis of obesity and
diabetes, pre-pregnancy BMI, fertility treatment, and perinatal problems.

Materials and methods

Ethical statement
Study approvals were obtained from the Finnish authorities providing
the data, as well as the data protection authority (THL/1662/
5.05.00/2015, THL/1853/5.05.00/2016 and THL/1496/5.05.00/
2019). Based on regulations in Finland, informed consent was not re-
quired for analysis of anonymous data from registers.

Study population and data source
The index cases were all live births in Finland between 1996 and
2014, identified from the Drugs and Pregnancy Database (Artama
et al., 2011), originally registered in the Medical Birth Register (MBR).
Clinical diagnoses were retrieved from the Finnish Care Registers for
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Health Care (HILMO), which covers all hospitals and healthcare pro-
viders in Finland. Due to the availability of data on maternal BMI only
in 2004–2014, analysis on offspring obesity risks in relation to
maternal PCOS of different BMI strata was performed within the birth
cohort 2004–2014. Purchases of prescribed drugs were obtained
from the Finnish Register on Reimbursement Drugs (Supplementary
materials and methods). Data from different datasets and registers
were merged with the anonymized personal identification numbers
issued to Finnish citizens and permanent residents. The data analysis
was performed between 1 October 2019 and 10 March 2021.

Main exposures
The exposure was maternal PCOS, identified from the HILMO based
on diagnosis of PCOS (International Statistical Classification of
Diseases and Related Health Problems codes ninth version [ICD-9]:
256.4; tenth version [ICD-10]: E28.2) or anovulatory infertility (ICD-9:
628.0; ICD-10: N97.0) (Supplementary Table SI), as PCOS is the
most common cause for anovulatory infertility. Because the hormonal
and metabolic disturbances of PCOS persist throughout a woman’s
lifespan, such a diagnosis was identified as an exposure regardless of
the year. In this study, births to mothers with diagnoses sharing signs
and symptoms with PCOS were excluded (n¼ 8244): pituitary gland
disorders including hypo/hyper function (ICD-9: 253; ICD-10: E22,
E23), pituitary adenoma (ICD-9: 227.3; ICD-10: D35.2), adrenal gland
disorders including congenital adrenal hyperplasia and Cushing’s
syndrome (ICD-9: 255; ICD-10: E24/E25/E27), suprarenal tumor
(ICD-9: 194; ICD-10: C74), galactorrhea (ICD-9: 611.6; ICD-10:
N64.3), and Turner syndrome (ICD-9: 758.6; ICD-10: Q96). In the
final analysis, 24 682 children with maternal PCOS/anovulatory infertil-
ity and 1 073 071 without maternal PCOS/anovulatory infertility were
included. All children were followed up until 31 December 2018.

Preterm birth was birth before gestational Week 37. SGA (birth
weight and/or length 2 SDs below mean) and large for gestational age
(LGA, birth weight and/or length 2 SDs above mean) are defined
according to age- and sex-specific reference means of Finnish stand-
ards (Sankilampi et al., 2013), following the International Societies of
Pediatric Endocrinology and the Growth Hormone Research Society
(Clayton et al., 2007). Appropriate for gestational age (AGA) is the
interval between SGA and LGA.

Fertility treatment was fresh and frozen IVF/ICSI (check-box in
the MBR).

Outcome measures
The primary outcomes were diagnoses of obesity (ICD-10: E65, E66)
and diabetes (ICD-10: E10–E14) in offspring recorded in the HILMO.
Diagnosis in the HILMO covered patients from all hospital inpatient
care and outpatient clinics in Finland.

In Finland, regular health check-ups for young children are provided
by municipal child health clinics free of charge, covering about 99% of
families. During the first year, a child visits health clinic at least nine
times, and a series of check-ups is followed before primary school.
Children �7 years attend primary school, where they are provided
with periodical health check-ups by school nurses. For each visit,
height and body weight are registered. Therefore, child health care
and school health care are essentially responsible for early detection of
obesity and diabetes (Stockmarr et al., 2016). Cases are then referred

to pediatricians in outpatient clinics. However, not all children identi-
fied as obese by school nurses attend clinical care. Therefore, the pe-
diatric obesity cases from the HILMO based on ICD codes may
include mainly moderate-to-severe obesity cases that needed and/or
actively sought medical care for their symptoms.

The obesity status for offspring �18 years is assessed with body mass
index (BMI, weight/height2). For children (below 18 years), the distribu-
tion of BMI changes with age and is dependent on sex (Cole et al.,
2000). Obesity in children from Finland is assessed using weight-for-
height or BMI-for-sex-and-age (ISO-BMI), with reference values based
on 561 392 height and 75 810 weight measurements in Finnish children
(Saari et al., 2011). When using weight-for-height, in children below
7 years, obesity is defined as >20% deviation above the reference pop-
ulation, whereas in children �7 years, >40% deviation above reference
defines obesity. When using ISO-BMI, age- and sex-specific BMI cutoffs
corresponding to adults’ cutoff 30 kg/m2 is used for obesity (Library FH,
2020). From 2011 onwards, utilization of ISO-BMI has been recom-
mended (Saari et al., 2011). There might be misclassification for offspring
diabetes type when the children are young; hence, we recorded the first
and second diagnosis codes (Supplementary Table SII). In this study, the
child was classified based on the second diabetes diagnosis code (if
there was any), which was regarded more trustable.

Covariates
Information on mothers’ age at delivery, smoking during pregnancy,
marital status at delivery, maternal socioeconomic status (SES) (based
on maternal occupation during pregnancy and categorized in upper
white collar worker, lower white collar worker, blue collar worker,
and other [e.g. entrepreneur, student or housewife]), mothers’ psychi-
atric disorders (inpatient and outpatient care due to mental health dis-
orders before pregnancy according to ICD-9: 290–319, and ICD-10:
F00–F99) (Supplementary Table SI), offspring birth year, mode of deliv-
ery, number of fetuses were obtained from the Drugs and Pregnancy
Database and used as covariates when applicable.

Maternal obesity (ICD-10: E65, E66) and diabetes (ICD-10: E10–
E14, O24, or prescription of A10A [insulin and analogues] or A10B
[other blood glucose lowering drugs excluding insulin, also referred to
as oral antidiabetic drugs] following the Anatomical Therapeutic
Chemical Classification System [ATC]) were obtained from the Drugs
and Pregnancy Database. Insulin-treated pre-gestational diabetes was
identified using the Register on Reimbursement Drugs, from records
on the special reimbursements of insulin medication for diabetes.
Maternal insulin-treated pre-gestational diabetes, other diabetes (E11–
E14, O24, A10B treated before pregnancy, A10A or A10B treated
only during pregnancy), and maternal obesity (E65, E66) were used as
three covariates in the main analysis. Mothers’ BMI was calculated
based on pre-pregnancy weight and height (recorded at gestational
Weeks 7–10 of the first prenatal visit), retrieved from the MBR and
was available from 2004.

Statistical analyses
All statistical analyses were performed using SAS versions 9.3 and 9.4
(SAS Institute, Cary, USA). Descriptive statistics were reported as
numbers of observations and prevalence (%). The Kaplan–Meier (KM)
method was used to calculate cumulative incidence and 95% CI for
offspring obesity and diabetes. Cox proportional hazards modeling was
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used to estimate the association of maternal PCOS/anovulatory infer-
tility with obesity and diabetes in offspring, overall and in sex-stratified
models, reporting hazard risk ratios (HRs) with 95% CI as measures of
effect size. Missing data for caesarean section, marital status and SES
was handled as a separate group. To account for potential effects of
puberty on the development of obesity and diabetes (Hockett et al.,
2019), the risk was examined for all offspring first, and then stratified
by ages into three groups: �9 years, 10–16 years, and 17–22 years.
Type 1 and Type 2 diabetes differ in pathophysiology; therefore, be-
sides all types of offspring diabetes combined, the association of ma-
ternal PCOS/anovulatory infertility with Type 1 diabetes in offspring
was also assessed. For offspring Type 2 diabetes, the number was too
small for a subgroup analysis. Pre-pregnancy BMI (three strata: <25,
25–29, �30 kg/m2), fertility treatment (yes/no) and perinatal prob-
lems (yes/no) were tested for statistical interaction (on the multiplica-
tive scale) with PCOS/anovulatory infertility on offspring obesity,
followed by stratified analyses.

Results

Study population
We followed up 1 097 753 individuals from birth to 22 years for the
oldest, that is, 14 035 113 person-years in this study. Of them, 24 682
children with maternal PCOS/anovulatory infertility contributed to
277 097 person-years of observation. A total of 5052 (20.5%) children
with maternal PCOS/anovulatory infertility were 17–22 years old at
the end of follow-up, versus 327 533 (30.5%) in the unexposed group.
Compared with PCOS/anovulatory infertility-unexposed children, chil-
dren with maternal PCOS/anovulatory infertility had an age distribu-
tion skewed toward younger age, indicating more deliveries in recent
years. They were also more likely to be born preterm and LGA,
whereas mothers with PCOS/anovulatory infertility more often had
obesity and diabetes. Pre-pregnancy BMI (available 2004 onwards) was
25.8§ 5.7 for mothers with PCOS/anovulatory infertility and
24.3§ 4.8 for mothers without PCOS/anovulatory infertility (Table I).

Cumulative incidences of obesity and
diabetes
During follow-up, a total of 13 793 offspring were diagnosed with obe-
sity and 9605 with diabetes, of which 451 (1.83%) and 214 (0.87%)
were to mothers with PCOS/anovulatory infertility (Table I). As
shown in Fig. 1, the cumulative incidence of obesity in PCOS/anovula-
tory infertility -exposed offspring was substantially higher than in unex-
posed offspring (1.83% [451], 95% CI 1.66–2.00% vs 1.24% [13 342],
95% CI 1.22–1.26%). The incidence for obesity in offspring with ma-
ternal PCOS/anovulatory infertility was increased until around 16 years
old. However, there was no significant difference for diabetes between
PCOS/anovulatory infertility-exposed and unexposed offspring (0.87%
[214], 95% CI 0.75–0.98% vs 0.88% [9391], 95% CI 0.86–0.89%).
Sex-stratified analysis revealed higher cumulative incidence of obesity
in PCOS/anovulatory infertility-exposed male (1.99% [253], 95% CI
1.74–2.23% vs 1.37% [7502], 95% CI 1.34–1.40%) and female children
(1.66% [198], 95% CI 1.43–1.89% vs 1.11% [5840], 95% CI 1.07–
1.13%), whereas for diabetes there was no difference between

PCOS/anovulatory infertility-exposed and unexposed offspring for any
sex (male: 0.90% [115], 95% CI 0.74–1.07% vs 0.95% [5207], 95% CI
0.92–0.98%; female: 0.83% [99], 95% CI 0.67–0.99% vs 0.80% [4184],
95% CI 0.77–0.82%) (Fig. 1). In subgroup analysis of mothers with
only PCOS, the cumulative incidence of offspring obesity remained in-
creased (Supplementary Fig. S1).

HRs for offspring obesity and diabetes
adjusted for birth and maternal factors
To account for offspring and maternal factors on the association of
PCOS/anovulatory infertility exposure with offspring obesity and dia-
betes, adjusted HRs were calculated. Adjusting for offspring factors
and maternal characteristics such as an obesity or diabetes diagnosis,
the HR for obesity in PCOS/anovulatory infertility-exposed children
was increased compared with unexposed offspring (incidence rate per
1000 person-years 1.63 [451] vs 0.97 [13 342]; HR 1.47, 95% CI
1.34–1.61). Age-stratified analysis revealed increased HR for obesity in
offspring aged �9 years (1.18 [231] vs 0.62 [5482]; HR 1.58, 95% CI
1.30–1.81) and 10–16 years (3.18 [206] vs 1.92 [7164]; HR 1.37, 95%
CI 1.19–1.57), but not in those 17–22 years old (0.86 [14] vs 0.59
[696]; HR 1.24, 95% CI 0.73–2.11). Sex-stratified analysis found com-
parable effect sizes between males (1.79 [253] vs 1.08 [7502]; HR
1.48, 95% CI 1.31–1.68) and females (1.46 [198] vs 0.86 [5840]; HR
1.45, 95% CI 1.26–1.68) (Table II). Subgroup analysis within births to
mothers with only PCOS implied consistent results for offspring obe-
sity (Supplementary Table SIII).

The HR for diabetes was not increased in offspring �16 years old
but was substantially increased in those 17–22 years (HR 2.06; 95% CI
1.23–3.46) (Supplementary Table SIV). Sex- and diabetes type-specific
analysis revealed that the association was significant only in female off-
spring (HR 3.06, 95% CI 1.56–6.03), and specifically for Type 1 diabe-
tes (HR 3.23, 95% CI 1.41–7.40), although it was based on a very
small number of cases (Supplementary Tables SIV and SV).

Offspring obesity relative to maternal/
anovulatory infertility, pre-pregnancy BMI,
and fertility treatment
We then examined to what extent the association between maternal
PCOS/anovulatory infertility and offspring obesity could be explained
by maternal BMI and fertility treatment. Maternal BMI data was avail-
able for the 2004–2014 birth cohort. A statistically significant interac-
tion existed between maternal PCOS/anovulatory infertility and
maternal pre-pregnancy BMI-strata (categorized into normal-weight,
overweight, and obesity) on offspring obesity (F¼ 15.96, P< 0.001).
The interaction existed also after excluding mothers with an obesity or
diabetes diagnosis (F¼ 11.19, P< 0.001). As expected, stratified analy-
sis revealed that among non-PCOS/anovulatory infertility mothers the
HR of obesity in offspring was increased in overweight and obese
mothers compared with normal-weight mothers. Of note, the effect
size for offspring obesity was higher among obese mothers with
PCOS/anovulatory infertility (HR 8.89; 95% CI 7.06–11.20) than
among obese mothers without PCOS/anovulatory infertility (HR 6.33;
95% CI 5.83–6.88) (Table III). Fertility treatment, however, did not
modify the association between PCOS/anovulatory infertility and off-
spring obesity (interaction between maternal PCOS/anovulatory
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Table I Demographic and clinical characteristics of offspring stratified by maternal polycystic ovary syndrome (PCOS) or
anovulatory infertility.

Variable Maternal PCOS/anovulatory
infertility (n 5 24 682)

No maternal PCOS/anovulatory
infertility (n 5 1 073 071)

Birth year

1996–2000 4255 (17.2) 283 112 (26.4)

2001–2005 5540 (22.4) 274 431 (25.6)

2006–2010 7602 (30.8) 288 828 (26.9)

2011–2014 7285 (29.5) 226 700 (21.1)

Offspring sex

Female 11 949 (48.4) 524 538 (48.9)

Male 12 733 (51.6) 548 533 (51.1)

Offspring age in 2018, years

0–9 10 929 (44.3) 352 940 (32.9)

10–16 8701 (35.3) 392 598 (36.6)

17–22 5052 (20.5) 327 533 (30.5)

Caesarean section

Yes 5698 (23.1) 154 953 (14.4)

No 18 967 (76.8) 916 721 (85.4)

Missing 17 (0.1) 139 (0.1)

Number of fetuses

1 23 539 (95.4) 1 041 732 (97.1)

�2 1143 (4.6) 31 339 (2.9)

Birth weight

SGA 824 (3.3) 33 971 (3.2)

AGA 22 913 (92.8) 1 007 377 (93.9)

LGA 945 (3.8) 31 723 (3.0)

Preterm birth 2168 (8.8) 58 377 (5.4)

Mother born in Finland

Yes 22 670 (91.8) 987 139 (92.0)

No 2012 (8.2) 85 932 (8.0)

Mothers age at delivery, years

<25 3335 (13.5) 199 630 (18.6)

25–29 7622 (30.9) 340 611 (31.7)

30–34 8541 (34.6) 334 348 (31.2)

�35 5184 (21.0) 198 484 (18.5)

Mother smoking during pregnancy

Yes 3817 (15.5) 187 942 (17.5)

No 20 865 (84.5) 885 129 (82.5)

Marital status at birth

Married 16 554 (67.1) 636 044 (59.3)

Cohabiting 6028 (24.4) 313 006 (29.2)

Single 1769 (7.2) 103 245 (9.6)

Missing 331 (1.3) 20 776 (1.9)

Mother SES

Upper white collar worker 4127 (16.7) 178 991 (16.7)

Lower white collar worker 9564 (38.7) 382 070 (35.6)

Blue collar worker 3604 (14.6) 155 596 (14.5)

Other status 3591 (14.5) 187 070 (17.4)

Missing 3796 (15.4) 169 344 (15.8)

(continued)
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..infertility and fertility treatment [yes/no] on offspring obesity:
P> 0.05) (Supplementary Table SVI).

HRs for obesity relative to maternal PCOS/
anovulatory infertility and perinatal
problems
We also examined if perinatal problems including SGA, LGA, and pre-
term birth modified the association between PCOS/anovulatory infer-
tility and offspring obesity. There was a statistically significant

interaction between maternal PCOS/anovulatory infertility and perina-
tal problems (yes/no) on offspring obesity (F¼ 5.29, P< 0.001). In
PCOS/anovulatory infertility-unexposed offspring, the HR of obesity
was increased if they were born SGA, LGA or preterm (fully adjusted
HR 1.16; 95% CI 1.11–1.21) compared with those born AGA and full
term. Notably, in PCOS/anovulatory infertility-exposed children, the
effect size was significantly larger even for offspring born AGA and full
term (HR 1.27; 95% CI 1.17–1.39). In offspring exposed to both
PCOS/anovulatory infertility and perinatal problems, the HR for obe-
sity was further increased (HR 1.61; 95% CI 1.35–1.91) (Table IV).

............................................................................................................................................................................................................................

Table I Continued

Variable Maternal PCOS/anovulatory
infertility (n 5 24 682)

No maternal PCOS/anovulatory
infertility (n 5 1 073 071)

Maternal psychiatric disorders

Yes 3092 (12.5) 83 793 (7.8)

No 21 590 (87.5) 989 278 (92.2)

Maternal obesity

Yes 1592 (6.5) 28 119 (2.6)

No 23 090 (93.5) 1 044 952 (97.4)

Maternal diabetes

PGDM 311 (1.3) 5616 (0.5)

Other diabetes 5755 (23.3) 154 107 (14.4)

No diabetes 18 616 (75.4) 913 348 (85.1)

Maternal BMI (mean/SD)*, kg/m2 25.8 (5.7) 24.3 (4.8)

Offspring obesity

Yes 451 (1.8) 13 342 (1.2)

No 24 231 (98.2) 1 059 729 (98.8)

Offspring diabetes

Yes 214 (0.9) 9391 (0.9)

No 24 468 (99.1) 1 063 680 (99.1)

Offspring Type 1 diabetes

Yes 202 (0.8) 9075 (0.8)

No 24 480 (99.2) 1 063 996 (99.2)

Offspring Type 2 diabetes

Yes 13 (0.0) 400 (0.0)

No 24 669 (100.0) 1 072 671 (100.0)

Offspring other diabetes

Yes 17 (0.1) 472 (0.0)

No 24 665 (99.9) 1 072 599 (100.0)

Median age (IQR) at obesity diagnosis, years 9 (6–13) 11(7–13)

Median age (IQR) at diabetes diagnosis, years 7 (4–11) 7 (4–11)

Values are expressed as n (%) unless otherwise indicated.
IQR, interquartile range; SD, standard deviation; SES, socioeconomic status.
*Maternal pre-pregnancy BMI was available for birth years 2004–2014. PCOS was identified by polycystic ovary syndrome (ICD-9 256.4 or ICD-10 E28.2) and/or anovulatory infertility
(ICD-9 628.0 or ICD-10 N97.0). Small for gestational age (SGA, birth weight and/or length 2 SDs below mean), and large for gestational age (LGA, birth weight and/or length 2 SDs
above mean) are defined according to age- and sex-specific reference mean of Finnish standards, following the International Societies of Pediatric Endocrinology and the Growth
Hormone Research Society. Appropriate for gestational age (AGA) is the interval between SGA and LGA. Preterm birth was defined as birth before gestational week 37. Maternal psy-
chiatric disorders included inpatient and outpatient care due to mental health disorders before pregnancy according to ICD-9: 290–319, and ICD-10: F00–F99. Obesity was identified
by ICD-10 codes E65, E66. Maternal PGDM (insulin treated pregestational diabetes) was identified based on special reimbursement of insulin for diabetes. Maternal other diabetes
was identified based on ICD-10 E11–E14, O24, A10B treatment before pregnancy and A10A or A10B treated only during pregnancy. Offspring Type 1 diabetes, and Type 2 diabetes
was identified based on ICD-10 E10, and E11, respectively. Offspring other diabetes including nutrition-related diabetes, other specified diabetes, and other unspecified diabetes was
identified based on ICD-10 E12, E13, and E14.

2350 Chen et al.
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..Discussion
This large nationwide population-based study found that maternal
PCOS/anovulatory infertility was associated with increased risk for the
offspring to be diagnosed with obesity, irrespective of sex and fertility
treatment. Maternal obesity explained part of the effect size.
Moreover, the association remained significant even in AGA and full
term offspring, with a larger effect size if the child was exposed to

both maternal PCOS/anovulatory infertility and perinatal problems.
However, maternal PCOS/anovulatory infertility was associated with
diabetes diagnosis only in female offspring from late adolescence, an
association based on a very small number of cases.

This study found that obesity was more often identified in offspring
with maternal PCOS/anovulatory infertility, from early age until around
age 16 years. To our knowledge, this is the largest cohort study with
the longest follow-up durations to examine obesity risks in PCOS-

Figure 1. Cumulative incidences of obesity and diabetes in the offspring, overall and sex-stratified, in relation to maternal
polycystic ovary syndrome (PCOS)/anovulatory infertility. The cumulative incidence of obesity was significantly higher for offspring with
maternal PCOS/anovulatory infertility than those without, with similar patterns in males and females. There was no difference in cumulative incidence of
diabetes between offspring with and without maternal PCOS/anovulatory infertility. PCOS/anovulatory infertility was identified by ICD-9 256.4, 628.0,
ICD-10 E28.2, N97.0. Obesity was identified by ICD-10 E65 and E66. Diabetes was identified by ICD-10 E10–E14. Dotted lines represent the 95% CI.

Polycystic ovary syndrome and offspring obesity 2351
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.
exposed offspring. Our findings are in accordance with the study by
Risal et al. (2019), which followed up 21 daughters with maternal
PCOS until age 21 years, revealing higher BMI compared with daugh-
ters without maternal PCOS. Similarly, Doherty et al. (2015) reported
more hospitalizations due to endocrine, nutritional and metabolic dis-
eases (ICD-10 E00–E90, e.g. obesity and diabetes) in PCOS-exposed
offspring up to 31 years of age. Moreover, case–control studies
revealed higher glucose-stimulated insulin levels around 15 years of
age, higher triglycerides and LDL-cholesterol at age 2.5–4 years old, as
well as heavier body weight across from infancy (2 months after birth)
to 29 years of age in offspring with maternal PCOS (Recabarren et al.,
2008, Wilde et al., 2018; Crisosto et al., 2019). By contrast, Bell et al.
(2018) found no association between self-reported PCOS and off-
spring obesity before 3 years of age, whereas another clinical study
revealed similar BMI at all Tanner stages compared to daughters with-
out maternal PCOS (Sir-Petermann et al., 2009), though short follow-
up or small sample size may limit the ability to detect differences.

Importantly, this study found increased risk of obesity in not only fe-
male but also male offspring with maternal PCOS/anovulatory infertil-
ity, in line with studies reporting increased body weight and disturbed
lipid metabolism in PCOS-exposed male offspring (Recabarren et al.,
2008; Crisosto et al., 2017). Likewise, a study in sheep with PCOS-like
phenotype also indicated lifelong altered metabolic health in male off-
spring (Siemienowicz et al., 2019). However, a meta-analysis found
signs of compromised cardiometabolic health only in female PCOS-ex-
posed offspring (Gunning et al., 2020), which could be due to a lower
number of male children in that study. Obesity has been an epidemic
worldwide and associated with both reproductive and non-reproduc-
tive health in later life (Bluher, 2019; Wong et al., 2020). Our findings
suggest weight management from early age for all offspring born to
mothers with PCOS/anovulatory infertility.

Obesity is closely related to PCOS. Women with PCOS are more
often overweight or obese, and later, obesity amplifies the severity of
PCOS symptoms. Notably, evidence suggests post-obesity develop-
ment of PCOS (Anderson et al., 2014). A Mendelian randomization
and genetic association study indicated that increased BMI appeared

causal for PCOS (Brower et al., 2019). He et al. (2020) demonstrated
from two longitudinal population-based studies that greater BMI in child-
hood was associated with PCOS in later life. Koivuaho et al. (2019) also
found that early timing of adiposity rebound in childhood was associated
with PCOS diagnosis in adulthood. Moreover, reports showed that
PCOS development may be attributable to early life obesity with insulin
resistance (Littlejohn et al., 2007; Ibanez et al., 2011). Given that daugh-
ters of women with PCOS have increased risk of PCOS diagnosis (Risal
et al., 2019), the bulk of evidence, including ours, suggest a developmen-
tal process towards PCOS through obesity.

Notably, in our study, the PCOS/anovulatory infertility association
with offspring obesity remained significant after adjusting for maternal
obesity and diabetes diagnoses. However, in the 2004–2014 birth co-
hort, we could not detect any association between maternal PCOS/
anovulatory infertility and offspring obesity in normal-weight mothers
according to pre-pregnancy BMI. Our stratified analysis suggested a
joint effect of PCOS/anovulatory infertility and pre-pregnancy BMI-
based obesity on offspring obesity, larger than that of either exposure
alone. Furthermore, our study revealed that the increased risk of off-
spring obesity in mothers with PCOS/anovulatory infertility was inde-
pendent of fertility treatment, though it was recently reported that
children born after fertility treatment were more likely to develop
metabolic dysfunctions (Cui et al., 2020). A recent review, summariz-
ing epidemiological human studies and causal evidence from animal
studies, indicated that long-term metabolic health in offspring was af-
fected by intrauterine environment (Fernandez-Twinn et al., 2019),
which in PCOS/anovulatory infertility was characterized by
excess androgen (Rosenfield and Ehrmann, 2016). In consistence, a
recent study revealed metabolic and reproductive disturbances in mice
prenatally exposed to elevated androgen levels (Risal et al., 2019).
Additionally, it has been reported that women with PCOS are associ-
ated with an altered gut microbiota and its metabolites (Qi et al.,
2019), which might reflect a maternal–fetal gut microbiota pathway in
offspring metabolic health. However, besides intrauterine exposure,
postnatal factors should also be considered. For example, lifestyle is an
important contributing factor to obesity. Future studies are warranted

............................................................................................................................................................................................................................

Table III Adjusted hazard ratios (HRs) for offspring obesity in relation to maternal polycystic ovary syndrome (PCOS)/an-
ovulatory infertility (AI) stratified by pre-pregnancy BMI in birth cohort 2004–2014.

Groups All births (n 5 610 821) Excluding maternal obesity and diabetes (n 5 588 344)

n (%) HR (95% CI) n (%) HR (95% CI)

No maternal PCOS/AI

<25 524 942 (88.3) 1.00 51 496 (89.8) 1.00

25–29 47 180 (7.9) 2.66 (2.45–2.88) 41 298 (7.2) 2.64 (2.43–2.87)

�30 22 210 (3.7) 6.39 (5.89–6.92) 17 034 (3.0) 6.33 (5.83–6.88)

Maternal PCOS/AI

<25 12 972 (78.7) 1.19 (0.83–1.70) 12 430 (82.2) 1.23 (0.85–1.76)

25–29 2216 (13.4) 3.45 (2.54–4.70) 1788 (11.8) 3.61 (2.61–4.98)

�30 1301 (7.9) 8.12 (6.61–9.96) 898 (5.9) 8.89 (7.06–11.20)

PCOS/AI was identified by ICD-9 256.4, 628.0, ICD-10 E28.2, and N97.0. Obesity was identified by ICD-10 codes E65, E66. The analysis was adjusted for offspring birth year, sex, caesar-
ean section (yes/no), number of fetuses, maternal age, smoking during pregnancy (yes/no), married at delivery (yes/no), maternal socio-economic status (SES) (upper white collar worker,
lower white collar worker, blue collar worker, and other status), maternal psychiatric disorders (yes/no), maternal insulin-treated pregestational diabetes (yes/no), and maternal other dia-
betes (yes/no). Birth cohort 2004–2014 was used due to BMI data availability for only these years. Reference group was births to non-PCOS mothers with normal BMI (<25).

Polycystic ovary syndrome and offspring obesity 2353
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..to assess the association between maternal PCOS/anovulatory infertil-
ity and obesity in offspring taking into account familial and individual
factors such as diet and exercise.

Offspring to mothers with PCOS are often delivered preterm or
with extremes of birth weight, which are risk factors for metabolic
health (de Zegher et al., 2017; Mericq et al., 2017). This study con-
firmed the risk of obesity in PCOS-exposed offspring with perinatal
problems, and demonstrated increased risk also in children with ap-
propriate birth weight and delivered at term. As such, metabolic disor-
ders in PCOS offspring are not always attributed to excess catch-up
growth (de Zegher et al., 2017). Our findings suggest screening and
preventative measures for children with maternal PCOS/anovulatory
infertility exposure, irrespective of birth outcomes.

In addition, this study found increased risks of diabetes in offspring
with maternal PCOS/anovulatory infertility from age 17 years com-
pared to unexposed offspring. Subgroup analysis revealed a significant
association specifically for Type 1 diabetes in female offspring. Likewise,
PCOS has been reported to be associated with Type 1 diabetes
(Escobar-Morreale and Roldan-Martin, 2016; Thong et al., 2020). In ad-
dition, the increased incidence of obesity in this study, present from
childhood, may predispose PCOS-exposed offspring at higher risk of
subsequent Type 2 diabetes (Lee et al., 2018). PCOS has been associ-
ated with Type 2 diabetes (Thong et al., 2020). In children with mater-
nal PCOS, increased fasting insulin levels and/or insulin resistance were
identified in most (Kent et al., 2008; Sir-Petermann et al., 2009;
Crisosto et al., 2019), though not all studies (Legro et al., 2017; Wilde
et al., 2018). Also, children of mothers with pregestational hyperandro-
genism were more likely to develop prediabetes before age 5 years
(Tian et al., 2017). Offspring in our study were 22 years for the oldest,
which may be too young to receive a diagnosis of Type 2 diabetes, as
it was reported that the mean age of Type 2 diabetes onset was
55§ 11 years old in the general population in Finland (Kurkela et al.,
2021). Sir-Petermann et al. (2009) reported no increased Type 2 dia-
betes among 99 pubertal PCOS-exposed daughters, which may be re-
stricted by small sample size and young age of the participants. Future

long-term studies are warranted to examine the risk of diabetes in
PCOS/anovulatory infertility-exposed offspring.

The strength of our study lies in the comprehensive nationwide reg-
istries, which enable long follow-up for large cohort members to iden-
tify cases with obesity and diabetes diagnosis at early age. Adjustment
for maternal obesity and diabetes, as well as stratification by perinatal
problems, allowed us to examine potentially unique contributions of
PCOS/anovulatory infertility. Furthermore, all data was prospectively
collected, avoiding recall bias.

The limitations of this study should be noted. First, the prevalence
of PCOS/anovulatory infertility was 2.2%, lower than that reported in
previous studies (Karjula et al., 2020; Skiba et al., 2018). This was
mainly attributable to the register-based design, identifying only women
who sought medical care for their symptoms. This may drive our esti-
mates towards null because some PCOS/anovulatory infertility-ex-
posed children are misclassified as controls. However, it is also
possible that we identified only severe PCOS/anovulatory infertility
cases, thus, overestimating the effect sizes.

Second, the incidence of obesity in offspring was lower than that
reported in studies based on measured or self-reported weight and
height (Figueiredo et al., 2019). Our data were based on ICD codes
to identify children and adolescents diagnosed in clinical care. It is likely
that mainly children with moderate to severe obesity who needed
and/or actively sought medical care were included, consequently limit-
ing the generalizability of our results. The Finnish Primary Health Care
Register was initiated in 2011 with a possibility to provide information
on height and weight, if measured. For our study period, however, this
register was not complete enough to be included as a data source.
Children identified as obese by school nurses may not always be re-
ferred to diagnosis, thus not be included in this study. In addition, we
noted in this study that much fewer obesity cases were identified after
16 years of age in both PCOS/anovulatory infertility exposed and
unexposed offspring, in contrast to the upward trend before that age.
That is less likely to be caused by biological reasons than by changes in
health related behaviors. In Finland, children have annual or every-2-

............................................................................................................................................................................................................................

Table IV Adjusted hazard ratios (HRs) for offspring obesity in relation to maternal polycystic ovary syndrome (PCOS)/an-
ovulatory infertility (AI) and perinatal problems in birth cohort 1996–2014.

Groups No. of cases Person-years Incidence ratea HR (95% CI)

Model 1 Model 2

No maternal PCOS/AI

AGA & full term 11 444 12 338 693 0.93 1.00 1.00

SGA, LGA or preterm 1898 1 453 005 1.31 1.42 (1.35–1.49) 1.16 (1.11–1.21)

Maternal PCOS/AI

AGA & full term 360 237 462 1.52 1.72 (1.54–1.91) 1.27 (1.17–1.39)

SGA, LGA or preterm 91 39 525 2.30 2.70 (2.19–3.32) 1.61 (1.35–1.91)

PCOS/AI were identified by ICD-9 256.4, 628.0, ICD-10 E28.2, and N97.0. Obesity was identified by ICD-10 codes E65, E66. Small gestational age (SGA, birth weight and/or length
2 SDs below mean), and large (LGA, birth weight and/or length 2 SDs above mean) for gestational age are defined according to age- and sex-specific reference means of Finnish stand-
ards, following the International Societies of Pediatric Endocrinology and the Growth Hormone Research Society. Appropriate for gestational age (AGA) is the interval between SGA
and LGA. Preterm birth was defined as birth before gestational week 37. Model 1 was adjusted for offspring birth year, sex, caesarean section (yes/no) and number of fetuses. Model
2 was further adjusted for maternal age, smoking during pregnancy (yes/no), married at delivery (yes/no), maternal socio-economic status (SES) (upper white collar worker, lower
white collar worker, blue collar worker, and other status), maternal psychiatric disorders (yes/no), maternal obesity (yes/no), maternal insulin-treated pregestational diabetes (yes/
no), and maternal other diabetes (yes/no).
aIR, incidence rate per 1000 person-years. Reference group was offspring of non-PCOS/anovulatory infertility mothers born AGA and full term.
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.
years health examinations at school between 6 and 16 years. After
that, they themselves choose whether and when to have health exami-
nation. Overweight children might refuse health visits because they
would not like to receive an obesity diagnosis. Moreover, mothers
with PCOS, who were often obese or diabetic, might be more likely
to take their children to health check; hence, more cases would be
identified in PCOS/anovulatory infertility-exposed than the unexposed
offspring. Also, lifestyle of offspring contributes to obesity and Type 2
diabetes; however, such information is not available in the national
registers this study is based on.

Third, mothers with PCOS/anovulatory infertility were identified
based on ICD codes, with no information on PCOS phenotypes. For
this highly heterogeneous disorder, it is warranted for future studies to
examine offspring metabolic disturbances in different PCOS pheno-
types, especially hyperandrogenism.

Fourth, maternal pre-pregnancy BMI, an important factor influencing
offspring metabolic health, was available only from 2004 and onwards,
limiting maternal BMI strata-stratified analysis to the birth cohort 2004–
2014. In addition, there was no data on gestational weight gain for
mothers. Moreover, fertility treatment included IVF/ICSI only, without
detailed information on other types of treatment, such as ovulation in-
duction. Also, information on fathers, including age, medical disorders
and medication prescriptions, was not available in this study.

In conclusion, maternal PCOS/anovulatory infertility was associated
with an increased risk of obesity in male and female offspring from
early age, and there was an increased risk for diabetes in female off-
spring from late adolescence, the latter based on only a few cases.
The effect size of the association with offspring obesity was larger for
those with perinatal problems and maternal pre-pregnancy obesity.
This is by far the largest cohort study with the longest follow-up dura-
tion reporting risk estimates of obesity and diabetes in offspring ex-
posed to PCOS/anovulatory infertility prenatally. It supports that
prenatal PCOS/anovulatory infertility exposure influences metabolic
health in the offspring. Information on the associations is fundamental
for pediatric professionals to take preventative measures for PCOS/
anovulatory infertility-exposed offspring.
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