
Association of genetic disorders and
congenital malformations with
premature ovarian insufficiency: a
nationwide register-based study
H. Silvén 1,2,3*, S.M. Savukoski1,2,3, P. Pesonen 4, E. Pukkala 5,6,
M. Ojaniemi 2,3,7, M. Gissler 8,9,10, E. Suvanto1,2,3, and
M. Niinimäki 1,2,3
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STUDY QUESTION: Are genetic disorders and congenital malformations associated with premature ovarian insufficiency (POI)?

SUMMARY ANSWER: A wide range of genetic disorder and congenital malformation diagnoses are associated with POI, especially early
onset POI.

WHAT IS KNOWN ALREADY: POI is known to be associated with some genetic disorders, such as Turner syndrome and Fragile X
premutation. Multiple genetic syndromes, such as ataxia teleangiectasia and galactosemia, have also been associated with an increased risk
of POI, and many of these genetic syndromes manifest with various congenital malformations. In previous studies, a genetic aetiology has
been found for 7–15% of POI cases.

STUDY DESIGN, SIZE, DURATION: This population-based study included 5011 women diagnosed with POI in 1988–2017. The data
were collected from various national registries and covers women with POI nationwide.

PARTICIPANTS/MATERIALS, SETTING, METHODS: We identified 5011 women diagnosed with POI from 1988 to 2017 from
the drug reimbursement registry of the Social Insurance Institution of Finland. Women with surgical POI (bilateral oophorectomy for benign
indications) were not included. We selected four population controls per woman with POI matched by month and year of birth and
municipality of residence. Diagnostic codes for genetic disorders and congenital malformations (GD/CM) for the cases and controls were
searched from the Hospital Discharge Register. Binary logistic regression was used to compare the odds for GD/CM among cases and
controls. To minimize bias, for the statistical analyses, we excluded diagnoses which were reported <2 years prior to the index date.

MAIN RESULTS AND THE ROLE OF CHANCE: Of the women with POI, 15.9% (n¼ 797) had at least one diagnostic code for GD
or CM. The odds ratio (OR) for Turner syndrome was 275 (95% CI 68.1–1110), and for other sex chromosome abnormalities, it was
12.7 (95% CI 4.1–39.1). For autosomal single gene disorders, the OR was 16.5 (95% CI 6.2–43.7). Women with POI had a higher odds of
having a GD/CM diagnosis in all categories. The OR for GD/CM diagnoses was highest among the youngest POI patients (10–14 years
old, OR 24.1, 95% CI 15.1–38.2). The odds of having POI were higher the more GD or CM diagnoses a woman had.

LIMITATIONS, REASONS FOR CAUTION: Some women with POI might not have sought help for their symptoms and therefore
remain undiagnosed. Due to the register-based nature of our study, we did not have access to more specific genetic diagnoses than
international classification of diseases offers.
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WIDER IMPLICATIONS OF THE FINDINGS: GD/CM diagnoses were strongly associated with POI, especially when POI was
diagnosed at a young age. The risk of POI was highest in women with multiple GD/CM diagnoses. Early onset POI can be a sign of
underlying genetic disorder or congenital anomaly, and this should serve as a reminder for clinicians to consider further examinations. To
avoid unnecessary delay in the diagnosis of POI and starting relevant hormone replacement therapy treatment, clinicians should be aware
of these associations.
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Introduction
Premature ovarian insufficiency (POI) means loss of ovarian function
before the age of 40 years (Webber et al., 2016). The prevalence of
POI at the age of 40 is estimated to be 0.5–1% (Mishra et al., 2017;
Golezar et al., 2019; Silvén et al., 2022). The aetiology of POI is het-
erogeneous and includes autoimmune, iatrogenic, infectious, and ge-
netic causes (Jiao et al., 2017). New technologies, such as next-
generation sequencing and whole-exome sequencing, have enhanced
progress in identifying genetic causes for POI. A genetic cause is found
for 7–50% of patients, although the percentages are likely to be exag-
gerated due to the poor variant curation in some of the published
studies (Bachelot et al., 2009; Jiao et al., 2012, 2017; Shen et al., 2021;
Heddar et al., 2022; Rouen et al., 2022; Tucker et al., 2022). Majority
of POI cases remain undefined.

The most common genetic disorders (GDs) among women with
POI are X-chromosome-related Turner syndrome and Fragile X pre-
mutation. Turner syndrome occurs in 1 in 1700–3000 live-born girls.
Typical characteristics include short stature, lymphoedema, cardiac dis-
ease, renal malformations, and gonadal dysgenesis. (Ranke and
Saenger, 2001; Sybert and McCauley, 2004; Bernard et al., 2016). In
women with Turner syndrome, only 5–20% have spontaneous menar-
che, and more than one-third of these women reach menopause
within 5 years of menarche (Bernard et al., 2016; Calanchini et al.,
2020; Komura et al., 2021). About 50% of the Turner women miss
the other X chromosome entirely, but the additional 50% have differ-
ent karyotypes, such as 45,X/46,XX mosaicism or ring X chromo-
some (Lin et al., 2019). The variation in karyotypes explains some, but
not all, of the wide variety of phenotypes (Huang et al., 2021). Of
women who carry the Fragile X premutation, approximately 15–24%
are affected by POI (Allen et al., 2021). GDs other than Turner syn-
drome and Fragile X premutation are found only in a small proportion
of POI cases.

Multiple genetic syndromes have been associated with an increased
risk of POI. Examples of POI-related syndromes are galactosemia (due
to variants in the GALT gene), BPES (blepharophimosis, ptosis, epican-
thus inversus syndrome, due to genetic variant in FOXL2), ataxia-
telangiectasia (due to variants in the ATM gene), and premature ageing
syndromes like Bloom syndrome. Many of these GDs are also associ-
ated with various congenital malformations (CM) (Rossetti et al.,
2017). A mother’s POI is associated with congenital anomalies in chil-
dren (Fauque et al., 2021), but the prevalence of congenital anomalies

in women with POI has not been studied. In our previous register-
based study, we found that the risk for POI is significantly increased
among first-degree relatives of women with POI, which might indicate
a higher prevalence of hereditary aetiology among these patients
(Silvén et al., 2022). Among children born in Finland in 2018, 5.2%
were diagnosed with major congenital anomaly before the age of
1 year (Kiuru-Kuhlefelt, 2021).

Previous registry population-based studies of women with POI are
scarce. Our aim was to assess the associations of genetic disorders
and congenital malformations (GD/CM) with POI and, thereby,
deepen the understanding of the aetiology of POI by using reliable
registry-based data from Finland.

Materials and methods

Study population and design
We identified women with POI in Finland using reimbursement data
for hormone replacement therapy (HRT) from the Social Insurance
Institution of Finland (SII). Women with POI get 100% reimbursement
for HRT until they are 50 years old. Obtaining the reimbursement is a
two-step process. First, the treating physician writes a certificate which
includes relevant information of the disease and diagnostic testing per-
formed. Second, an expert physician at SII checks for the eligibility of
the reimbursement and, if the criteria are met, the woman receives
the reimbursement. Reimbursement criteria have changed slightly over
time but have always aligned with international criteria for POI.
Changes in the reimbursement criteria have been described in detail in
our previous article (Silvén et al., 2022). We identified 5011 women
with non-surgical POI diagnosed between 1988 and 2017.

Four population controls for each POI case were selected from the
Finnish Population Information System of the Digital and Population
Data Services Agency, matched by month and year of birth and munic-
ipality of residence. The controls had to be alive and living in Finland
on the date when the reimbursement was granted for the case (index
date). Information from the registries was combined using personal
identity codes given to all permanent residents in Finland.

Data collection
Data from the Hospital Discharge Register (HDR) of the Finnish
Institute for Health and Welfare, THL were used to find GD/CM
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.diagnoses of the cases and controls from 1970 to 2017. The included
diagnostic codes from the 8th, 9th, and 10th version of International
Classification of Diseases (ICD) can be found in Supplementary Table
SI. As part of the diagnostic process of POI, women undergo a com-
prehensive clinical examination and diagnostic tests (e.g. chromosomes
and gynaecological ultrasound). Such a diagnostic process increases the
likelihood of having a record in the Hospital Discharge Register and
the likelihood of having a diagnosis code of GD/CM written in the
Hospital Discharge Register record. To minimize bias, for the statistical
analyses, we excluded diagnoses which were reported <2 years be-
fore the index date. The 2-year cut-off was based on statistical analysis
and a clinical estimation of the diagnostic process in POI. For descrip-
tive purposes, we also reported the frequencies of diagnoses in
women with POI ever reported to the Hospital Discharge Register.

The number of women with malformations in the respiratory sys-
tem, spleen or endocrine glands, CM syndromes due to known exoge-
nous causes, disorders of sexual differentiation or development, and
other chromosomal abnormalities were too small to report exact
numbers or to analyse in regression models. Due to the Finnish data
protection policy, we do not report exact numbers if there are <5
cases or controls in a specific subgroup. However, the approximate

numbers are presented in Table I. We excluded women with POI and
their controls who had no information in the Hospital Discharge
Register (22 women with POI and 539 controls).

Methods
We calculated the odds ratios (ORs) and 95% CIs for GD/CM with
binary logistic regression analysis. The analyses were also stratified by
age at the index date. In addition, we calculated ORs for one, two,
and three or more GD/CM diagnoses in one person.

The data were processed with RStudio and SAS Enterprise guide
7.1, and statistical analyses were performed with IBM SPSS 28.0 (IBM
Corp., Armonk, NY, USA). A P-value <0.05 was considered statisti-
cally significant. The data were analysed and reported in accordance
with the STROBE statement.

Study approvals
We obtained approval for this study from the Finnish Institute for
Health and Welfare (THL/1973/5.05.00/2019), the Social Insurance
Institution (135/522/2018) and the Digital and Population Data
Services Agency (VRK 4304-2019-2). Anonymization was done before

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

Table I Number of chromosomal abnormality and congenital malformation diagnoses among 5011 women with premature
ovarian insufficiency (POI) reported in the Hospital Discharge Register during the follow-up period.

n %

Genetic disorders

Turner syndrome 256 5.13

Autosome chromosomal abnormalities 35 0.70

Sex chromosome abnormalities* 44 0.88

Autosomal single-gene disorders 28 0.56

Other chromosomal abnormalities 5 0.10

Congenital malformations of gynaecological organs

Congenital malformations of the ovary, fallopian tubes and broad ligaments 101 2.02

Congenital malformations of the uterus and cervix 47 0.94

Other congenital malformations of female genitalia 19 0.38

Other congenital malformations

Skin and mammary gland anomalies 57 1.14

Congenital malformations of the nervous system 31 0.62

Congenital malformations of the eye, ear, face, and neck 84 1.68

Congenital malformations of the circulatory system 120 2.41

Cleft lip and cleft palate 20 0.40

Other congenital malformations of the digestive system 47 0.94

Congenital malformations of the urinary system 42 0.84

Congenital malformations and deformations of the musculoskeletal system 197 3.95

Unspecified congenital malformations 45 0.90

Disorder of sexual differentiation/development 7 0.1

Congenital malformations of the respiratory system 9 0.2

Congenital malformation syndromes due to known exogenous causes 1–4 <0.1

Congenital malformations of spleen or endocrine glands 1–4 <0.1

*Turner syndrome excluded.
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..analyses; hence, we had no access to identifiable personal data. Due
to the registry-based nature of the study, ethics committee approval is
not required according to the Finnish policy.

Results
Of the women with POI, 15.9% (n¼ 797) had at least one GD/CM
diagnosis when we included all diagnoses registered in the Hospital
Discharge Register from the whole study period (Table I). Of POI
cases, 9.6% (n¼ 479), and 3.5% (n¼ 675) of the control women, had
diagnoses registered more than 2 years before the index date.

Table II reports the numbers of GD/CM diagnoses registered at
least 2 years before receiving the reimbursement among the cases and
controls as well as the ORs for POI in these diagnostic groups. The
OR for Turner syndrome was very high (275, 95% CI 68.1–1110).
Also, the odds for sex chromosome abnormalities excluding Turner
syndrome (OR 12.7, 95% CI 4.1–39.1) and autosomal single gene dis-
orders (OR 16.5, 95% CI 6.2–43.7) were high, although the number
of cases in the data was low. Women with POI had higher odds of
having a diagnosis from all other subgroups and in various organs
(Table II).

The ORs for GD/CM diagnoses were higher the younger the POI
diagnosis was made (Table III). The mean age for POI diagnosis was
the youngest, at 15.9 years, among women with Turner syndrome. Of

the women diagnosed with Turner syndrome, 52.6% (n¼ 70) received
the right for reimbursement for POI at the age of 10–14 years.

The OR for POI increased with an increasing number of GD/CM
diagnoses (Table IV). Since Turner syndrome was the dominating sub-
group in our data and carried a very high OR, we also estimated the
ORs for numerous GD/CM diagnoses, excluding women with Turner
syndrome. Still, the OR for POI increased with an increasing number
of diagnoses. In women with three or more diagnostic codes for GD/
CM, the OR for POI was 10.4 (95% CI 4.8–22.4), when women with
Turner syndrome were excluded.

Discussion
Based on our study, the prevalence of GD/CM diagnoses was higher
among women with POI than in the general population. As expected,
the risk for POI in women with Turner syndrome was high, but our
study shows that various other groups of GDs and CMs also associate
with POI. The risk of POI was highest in women with three or more
diagnoses of GD/CM, even when women with Turner syndrome
were excluded. Women with GD/CM diagnoses received reimburse-
ment for POI at a younger age than women with POI in general.
These factors lead our thoughts towards the possibility of a higher
prevalence of genetic syndromes among women who experience POI
at an early age. Based on our findings, early onset POI should also

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

Table II The number of chromosomal abnormality and congenital malformation diagnoses among women with premature
ovarian insufficiency (POI) and controls.

Diagnostic group POI women (n 5 4989) Controls (n 5 19 492) OR 95% CI

n % n %

Genetic disorders

Turner syndrome 137 2.75 1–4 <0.03 275 68.1–1110

Autosome chromosomal abnormalities 13 0.26 8 0.04 6.4 2.6–15.4

Sex chromosome abnormalities* 13 0.26 1–4 <0.03 12.7 4.1–39.1

Autosomal single-gene disorders 21 0.42 5 0.03 16.5 6.2–43.7

Congenital malformations of gynaecological organs

Congenital malformations of the ovary, fallopian tubes, and broad ligaments 38 0.76 33 0.17 4.5 2.8–7.2

Congenital malformations of the uterus and cervix 21 0.42 45 0.23 1.8 1.1–3.1

Other congenital malformations

Skin and mammary gland anomalies 18 0.36 38 0.19 1.9 1.1–3.3

Congenital malformations of the nervous system 18 0.36 20 0.10 3.5 1.9–6.7

Congenital malformations of the eye, ear, face, and neck 68 1.36 154 0.79 1.7 1.3–2.3

Cleft lip and cleft palate 19 0.38 23 0.12 3.2 1.8–5.9

Other congenital malformations of the digestive system 34 0.68 56 0.29 2.4 1.6–3.7

Congenital malformations of the urinary system 34 0.68 60 0.31 2.2 1.5–3.4

Congenital malformations and deformations of the musculoskeletal system 123 2.47 141 0.72 3.5 2.7–4.4

Unspecified congenital malformations 37 0.74 11 0.06 13.2 6.7–26.0

Odds ratios (ORs) with 95% CIs are calculated for diagnoses registered a minimum of 2 years before the index date.
*Turner syndrome excluded.

Genetic disorders, congenital malformations, and POI 1227
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alert clinicians of the higher risk of GD/CM diagnoses and consider
further evaluation for these patients.

Our study has several strengths. The study consisted of a large num-
ber of POI women from the nationwide whole-population data, and
the follow-up time was 30 years. The diagnoses of POI in our cohort
were reliable, as they were made by medical professionals. They were
based on HRT reimbursement rights and, hence, evaluated by two in-
dependent physicians, one being the treating physician and the other
one an expert at SII. None of the diagnoses were based on self-
reporting. The relationship between POI and GD/CM has not previ-
ously been studied to this extent.

Our study also has some limitations. We only had access to women
who had received the right to POI reimbursement. However, it is
likely that undiagnosed women with POI are a small minority as we
expect that most women seek medical advice in the event of amenor-
rhoea at a young age. Another limitation is that, due to ICD coding,
we could not find more specific genetic diagnoses than those used by
the Hospital Discharge Register. We did not have access to

karyotypes and do not know if genome sequencing was performed.
On the other hand, not every patient with a CM is tested with wide
gene panels, particularly as the earliest POI diagnoses in our data were
made in the 1980s. Women with suspected POI undergo diagnostic
test panels before receiving the diagnosis and reimbursement for HRT.
The population controls are unlikely to have a similar extensive evalua-
tion done. To minimize the bias, the focused diagnostic testing and se-
lective reporting to HDR might cause, we included only diagnoses
received a minimum of 2 years before the index date in the statistical
analyses.

The HDR has diagnoses from hospitals and tertiary clinics, where in
Finland women suffering from amenorrhoea are treated, with a few
exceptions. Some women with intellectual disabilities are treated pri-
marily in primary health facilities, not in tertiary clinics. Since managing
menstruation might be difficult with an intellectual disability, it is often
desirable to treat patients with effective hormonal therapy, such as an
intrauterine device or the contraceptive pill to achieve amenorrhoea.
It is also likely that POI is not considered as a major problem when

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

Table III Odds ratios (ORs) for chromosomal abnormality or congenital malformation diagnosis by age at premature ovar-
ian insufficiency (POI) diagnosis.

POI diagnostic
age

n, POI and genetic disorder
or congenital malformation

diagnosis (n 5 473)

% n, POI and no genetic
disorder or congenital

malformation diagnosis
(n 5 4509)

% OR 95% CI

10–14 97 20.5 86 1.9 24.1 15.1–38.2

15–19 104 22.0 249 5.5 8.5 6.0–11.9

20–24 42 8.9 212 4.7 5.7 3.5–9.2

25–29 28 5.9 351 7.8 2.0 1.3–3.2

30–34 65 13.7 798 17.7 2.5 1.8–3.4

35–39 137 29.0 2813 62.4 1.4 1.2–1.7

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

Table IV Odds ratios (ORs) for premature ovarian insufficiency (POI) by the number of chromosomal abnormality and con-
genital malformation diagnoses.

Number of genetic or congenital malformation diagnoses POI cases Controls OR 95% CI of OR

n % n %

Turner syndrome included

0 4510 90.40 18 817 96.54 1.0 Ref.

1 338 6.77 630 3.23 2.2 2.0–2.6

2 96 1.92 36 0.18 11.1 7.6–16.3

�3 45 0.90 9 0.05 20.9 10.2–42.7

Turner syndrome excluded

0 4508 92.95 18 309 96.56 1.0 Ref.

1 276 5.69 609 3.21 1.8 1.6–2.1

2 43 0.89 35 0.18 5.0 3.2–7.8

�3 23 0.47 9 0.05 10.4 4.8–22.4

1228 Silvén et al.
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patients have severe multisystemic problems or life-threatening condi-
tions. These factors might lead to underdiagnosis of POI in women
with disabilities, and it would be interesting to see further studies
about the risk of POI in women with GD/CM diagnoses and to see
whether POI is indeed more common in this group of women.

Based on our findings, women with GD/CM, especially multiple di-
agnoses, are at increased risk of POI. To avoid unnecessary delay in
the diagnosis of POI and starting relevant HRT treatment, clinicians
should be aware of these associations. On the other hand, early onset
POI can be a sign of an underlying GD or congenital anomaly, and
thus further systematic examinations of these women are
recommended.
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