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ABSTRACT 

STUDY QUESTION: Is there an association between premature ovarian insufficiency (POI) and severe autoimmune diseases before 
and after POI diagnosis?

SUMMARY ANSWER: Women with POI had at least one hospital-treated autoimmune disorder preceding POI diagnosis 2.6 times 
more often compared with matched female controls, and a 2- to 3-fold risk for these diseases for several years after POI diagnosis.

WHAT IS KNOWN ALREADY: It has been suggested that autoimmunity is an important factor in the pathogenesis of POI. 
Estimations of the prevalence of POI cases with autoimmune origin have ranged from 4% to 50%.

STUDY DESIGN, SIZE, DURATION: This population-based registry study included 3972 women diagnosed with spontaneous POI be
tween 1988 and 2017 and 15 708 female population controls and used both case–control and cohort analysis. Autoimmune disease di
agnoses were evaluated from childhood until the end of the year 2017.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Women with POI were identified from the reimbursement registry of the Finnish 
Social Insurance Institution by their right to hormone replacement therapy (HRT). Four female population controls matched by age 
and municipality of residence were searched for each POI case to form a reference cohort. Women with a history of cancer or bilat
eral oophorectomy were excluded. Severe autoimmune disorder diagnoses for the years 1970–2017 were identified from the Hospital 
Discharge Registry. Odds ratios (ORs) with 95% confidence intervals (CI) were calculated using binary logistic regression for cases of 
having any, or one or more, specific autoimmune diseases preceding the index date (the date when reimbursement for HRT was 
granted for the POI) among women with POI as compared to controls. Standardized incidence ratios (SIR) with 95% CIs for getting di
agnosed with an autoimmune disease after the index date in 3-year follow-up periods among women with POI (who did not have 
these diseases prior to the index date) were also calculated. The expected numbers of autoimmune disease cases were based on the 
incidence of first-onset severe autoimmune disease among the controls.

MAIN RESULTS AND THE ROLE OF CHANCE: The prevalence of having at least one severe autoimmune disease in women with POI 
was 5.6% (n¼233), with an OR of 2.6 (95% CI 2.2, 3.1) when compared to population controls. Women with POI had an increased prev
alence of several specific autoimmune diseases prior to the index date compared to controls: polyglandular autoimmune diseases 
(OR 25.8, 95% CI 9.0, 74.1), Addison’s disease (OR 22.9, 95% CI 7.9, 66.1), vasculitis (OR 10.2, 95% 4.3, 24.5), systemic lupus erythemato
sus (OR 6.3 95% CI 4.2, 20.3), rheumatoid arthritis (OR 2.3, 95% CI 1.7, 3.2), sarcoidosis (OR 2.3, 95% CI 1.2, 4.5), inflammatory bowel dis
eases (OR 2.2, 95% CI 1.5, 3.3), and hyperthyroidism (OR 1.9, 95% CI 1.2, 3.1); whereas the prevalence of diabetes type 1 and ankylosing 
spondylitis did not differ between the women with POI and the reference cohort. The SIRs for being diagnosed for the first time with 
a severe autoimmune disease after POI diagnosis was 2.8 (95% CI 2.3, 3.4), during the first three years after POI diagnosis, decreasing 
gradually to 1.3 (1.1, 1.6) after 12 years.

LIMITATIONS, REASONS FOR CAUTION: This study only included autoimmune disorders diagnosed in specialized health care; 
hence, the overall prevalence of autoimmune disorders in women with POI may be higher.
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WIDER IMPLICATIONS OF THE FINDINGS: Severe autoimmune diseases have a strong association with POI, suggesting that immu
nological mechanisms play a pivotal role in POI. Future studies should focus on specific autoimmune mechanisms behind POI, from 
both preventive and curative perspectives.
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Introduction
Spontaneous premature ovarian insufficiency (POI), defined as 
cessation of ovarian function before the age of 40 years, affects 
1% of women and has various negative health- and quality-of- 
life-related effects (Sullivan et al., 2016). In addition to chromo
somal disorders (Silv�en et al., 2023), previous cancers and 
bilateral oophorectomies, autoimmune mechanisms are a well- 
known etiologic factor of POI, and it has been estimated that 
4–55% of POI cases are of autoimmune origin (Szeliga et al., 2021; 
Chen et al., 2022). Autoimmune diseases are characterized by 
autoreactive T-cells and organ-specific or non-organ-specific 
autoantibodies (Silva et al., 2014). Ovarian autoimmune processes 
leading to POI can manifest in isolation. However, they are often 
associated with other autoimmune conditions, of which thyroid 
and adrenal autoimmune disorders are among the most common 
(Szeliga et al., 2021). Women with POI have an increased preva
lence of autoimmune antibodies, and thyroid antibody positivity 
associates with an increased risk of developing POI (Hsieh and 
Ho, 2021; Beitl et al., 2024).

Various autoimmune conditions have been associated with 
lower ovarian reserve, as determined by anti-M€ullerian hormone 
(AMH) levels. The association of low AMH levels in reproductive- 
aged women has been reported at least in cases of thyroid auto
immunity, diabetes mellitus type 1 (DMI), rheumatoid arthritis, 
systemic lupus erythematosus, and ankylosing spondylitis (Luo 
et al., 2020; Yalçın Bahat et al., 2021; Hasegawa et al., 2022; Yang 
et al., 2022; Zhang et al., 2022). One abstract reported that women 
with certain autoimmune disorders are at a 2- to 5-fold risk of 
POI (McLaren et al., 2011).

Several previous studies have estimated the prevalence of au
toimmune disorders in study populations from dozens to hun
dreds of POI patients (Kim et al., 1997; Bachelot et al., 2009; 
Bakalov et al., 2012; Ayesha et al., 2016; Szlendak-Sauer et al., 
2016; Jiao et al., 2017; Grossmann et al., 2020). Many severe auto
immune disorders, however, are very rare, with a population 
prevalence of less than 1/1000 (Bakalov et al., 2012). Some auto
immune disorders have a typical onset at a young age, while 
others may manifest at middle age or later (Cooper and Stroehla, 
2003). Hence, studies with large study populations and long 
follow-up periods are needed to investigate the association be
tween severe autoimmune diseases and POI.

We hypothesized that women diagnosed with POI have an in
creased prevalence of severe autoimmune diseases (diseases that 
are diagnosed and treated in specialized health care) prior to POI 
diagnosis and that the incidence of these diseases remains ele
vated after POI diagnosis as compared to the general female pop
ulation. As both severe autoimmune diseases and POI of 
autoimmune origin reflect general susceptibility to autoimmune 
conditions, women who get diagnosed with POI during their 

lifetime are likely to be prone to developing autoimmune dis
eases both before and after being diagnosed with POI. We aimed 
to investigate this hypothesis using nationwide registry data to 
retrieve population-based information on these conditions in 
women with POI.

Materials and methods
In Finland, comprehensive health data are stored in several regis
tries using personal identity codes (PICs) given to all citizens and 
immigrants living permanently in Finland. The uniqueness of 
each PIC makes it possible to combine data from different regis
tries. From the medicine reimbursement registry maintained by 
the Social Insurance Institution of Finland (SII), we identified 
women who had been granted the right to full reimbursement 
for hormone replacement therapy (HRT) because of POI diagnosis 
under the age of 40 years, between the years 1988 and 2017 
(cases). In Finland, the diagnosis of POI is based on the criteria 
defined by the European Society for Human Reproduction and 
Embryology (ESHRE) guidelines for POI (Webber et al., 2016). The 
criteria to receive the right of reimbursement has changed 
slightly over the years but has always aligned with ESHRE guide
lines. All women fulfilling the criteria are entitled to full reim
bursement for HRT until the average age of natural menopause 
(50 years). When a woman is diagnosed with POI, the treating 
physician writes a certificate describing in detail how the diag
nostic criteria are fulfilled, regardless of whether the patient 
starts HRT at the time of diagnosis. The certificate is then sent to 
SII, where another medical specialist verifies that the criteria for 
POI are fulfilled, after which the right for reimbursement 
is granted.

For each case with POI, the Digital and Population Data 
Services Agency (DVV) randomly selected four female population 
controls from the Finnish Population Information System, 
matched by month and year of birth and municipality of resi
dence constituting a reference cohort. The same control women 
constituted the reference cohort for the cohort analysis on risk of 
autoimmune diseases after POI diagnosis. The controls also had 
to be alive and living in Finland on the date that HRT reimburse
ment was granted for the respective POI case (the index date).

The diagnoses of severe autoimmune diseases (diseases that 
are diagnosed and treated in specialized health care) were col
lected from the Hospital Discharge Register (HDR), where the di
agnoses made among specialized health care are stored with 
International Classification of Diseases (ICD) codes. HDR data 
were available from 1970 to 2017. We identified ICD-8 (1970– 
1986), ICD-9 (1987–1995), and ICD-10 (1996–2017) codes as these 
coding systems have been used during the lifetimes of the 
women in our study population. The codes we used in this study 
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are listed in Supplementary Table S1. Autoimmune diseases that 
are mainly diagnosed and treated in primary health care, such as 
hypothyroidism and celiac disease, were excluded from this 
study. As many autoimmune disorders are rare, we combined 
similar diseases into larger entities for the analyses.

As the aim was to investigate the association between sponta
neous POI and autoimmune disorders, women with bilateral oo
phorectomy (n¼ 748) or a history of cancer before the index date 
(n¼1195) were identified by the HDR and the Finnish Cancer 
Registry and excluded from the analyses. We also excluded indi
viduals who had undergone gender reassignment (n¼ 235).

Statistical methods
A binary regression model was used to calculate odds ratios 
(ORs) with 95% confidence intervals (CI) for women with POI, (i) 
with at least one severe autoimmune disease and (ii) with a spe
cific autoimmune disease prior to the index date, compared to 
reference cohort.

The standardized incidence ratios (SIR) of being diagnosed 
with a severe autoimmune disease after the index date with 95% 
CIs were calculated for women with POI compared to reference 
cohort, and stratified into 3-year follow-up periods starting from 
the date of POI diagnosis. Women who had a severe autoimmune 
disease before the POI diagnosis were excluded. For calculating 
the SIRs, the end of the follow-up was the first date of a severe 
autoimmune diagnosis, the end of follow-up (31 December 2017), 
the date of migration, or the date of death, whichever came first. 
The SIR was defined as the ratio of the observed number of auto
immune diseases among women with POI to the expected num
ber of autoimmune diseases calculated by multiplying the 
number of person years of the women with POI with the inci
dence of autoimmune cases in the reference cohort, stratified by 
calendar year and by time since the index date.

Study approvals and data processing
This study was approved by 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). Approval from the ethics committee 
was not required due to the study’s registry-based nature and no 
registered person was contacted. Data processing was done using 
RStudio (Rstudio Inc.) and SAS Enterprise Guide 7.1 (SAS Institute 
Inc., Cary, NC, USA). The statistical analyses were performed 
with IBM SPSS Statistics 28.0 (IBM Corp., Armonk, NY, USA). 
Anonymization was done before the analyses, and the research
ers could not access identifiable personal data. The data were an
alyzed and reported following the STROBE statement.

Results
The flow chart of the study population, of which the ORs of hav
ing an autoimmune disease prior to the index date were calcu
lated, is shown in Fig. 1. The final study population included 3972 
women with POI and 15 708 female controls without POI (refer
ence cohort). The median age at POI diagnosis in the whole study 
population was 35.9 years (IQR 7.9 years).

Prevalence of autoimmune disorders
Among women with POI, 5.6% (n¼ 223) were diagnosed with at 
least one autoimmune disorder prior to the index date and 12.7% 
(n¼503) were diagnosed with at least one autoimmune disorder 
after the index date, by the end of the follow-up period. The 
numbers of severe autoimmune diseases among women with POI 
and in the reference cohort prior to the index date and during the 

whole study period are shown in Table 1. The prevalences of se
vere autoimmune disease diagnoses among women with POI and 
in the reference cohort preceding the index date and during the 
whole study period are presented in Table 2.

The odds of women with POI being diagnosed 
with a severe autoimmune disease prior to the 
index date
The OR for having at least one severe autoimmune disorder prior to 
the index date was 2.6 (95% CI 2.2, 3.1) in women with POI com
pared to controls. At the time of the index date, the prevalence of 
each severe autoimmune diagnosis that was included in the study, 
except ankylosing spondylitis and DMI, was increased among 
women who were diagnosed with POI (Table 3). Moreover, the prev
alence of a polyglandular autoimmune disorder and Addison’s dis
ease preceding the index date were remarkably high in women who 
were diagnosed with POI compared to reference cohort (OR 25.8, 
95% 9.0, 74.1 and OR 22.9, 95% CI 7.9, 66.1, respectively).

SIRs after being diagnosed with POI
The SIRs in 3-year follow-up periods for severe autoimmune dis
ease diagnosis for women with POI who had none of these dis
eases preceding the index date are shown in Fig. 2. The SIR 
decreased from 2.8 (95% CI 2.3, 3.4) during the first three years af
ter POI diagnosis to 1.3 (1.1, 1.6) in the follow-up of ≥12 years af
ter the POI diagnosis.

Discussion
The results of this large nationwide registry-based study suggest 
that there is a strong association between POI and severe autoim
mune diseases, as the prevalence of severe autoimmune diseases 
preceding POI diagnosis was over 2-fold greater in women with 
POI compared to the reference cohort, while the incidence of se
vere autoimmune diseases after POI diagnosis was 2- to 3-fold 
greater for several years. The results strengthen the hypothesis 
that autoimmune processes play a pivotal role in the pathogene
sis of POI. As both severe autoimmune diseases and POI of auto
immune origin reflect general susceptibility, it is reasonable to 
expect that severe autoimmune diseases may manifest either be
fore or after POI. The prevalence of autoimmune diseases in
creased during the study period, not only among the women with 
POI but also among their matched population controls, which is 
in line with reports of the increasing prevalence of autoimmune 
diseases worldwide (Miller, 2023). There is also evidence that cy
clic ovarian production of female sex steroids has a pivotal role 
in maintaining normal immune system function, and hence it 
has been suggested that early cessation of ovarian function may 
also expose women to some autoimmune diseases such as rheu
matoid arthritis (Bove, 2013).

For decades, it has been suggested that autoimmune mecha
nisms play an important role in the pathogenesis of POI (Irvine 
et al., 1968). However, the estimated proportion of autoimmune 
POI cases has been highly variable, with a wide range of 4–50% 
(Szeliga et al., 2021; Chen et al., 2022). Jiao et al. (2017) reported 
that 6.0% of 632 POI patients with secondary amenorrhea, with a 
mean age of 29.3 years, had been diagnosed with at least one au
toimmune disease (Jiao et al., 2017). In the study population of 
Bachelot et al. (2009), with 357 women with POI with a mean age 
of 26.5 years, 10% were diagnosed with an autoimmune disorder. 
Also, a higher prevalence has been reported, as Szlendak-Sauer 
et al. (2016) reported that 34% of 98 women with POI, aged 18– 
39 years, fulfilled the criteria of autoimmune polyglandular syn
drome, namely autoimmune thyroid disorder and some other 
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non-ovarian autoimmune disorder (Szlendak-Sauer et al., 2016). 
The aforementioned studies reported the prevalence of autoim
mune disorders among women with POI, and the study by 
Szlendak-Sauer et al. (2016) also reported the prevalence of auto
immune polyglandular syndrome among 75 healthy, non- 
matched controls, but to the best of our knowledge there are no 
previous studies that had compared the odds for autoimmune 
diseases among women with POI to matched female population 
controls; thus, our study significantly adds to the existing litera
ture. A study by Sardu et al. (2012) reported that 9.6% of the 
14 167 women aged 15–89 years in their population-based sample 
were diagnosed with at least one autoimmune disorder (Sardu 
et al., 2012). This prevalence is higher than in our control female 
population, as this study also included less severe disorders, 
such as autoimmune thyroiditis and celiac disease.

To the best of our knowledge, no previous studies have inves
tigated the incidence of autoimmune diseases after being diag
nosed with POI. We suggest that the high incidence of first-onset 
severe autoimmune diseases during the first years after being di
agnosed with POI, as shown in this study, further confirms that 
the activation of autoimmune mechanisms at the time POI devel
ops among many patients. However, the tendency to develop au
toimmune diseases among POI patients seems to be long-term, 
considering the high prevalence of severe autoimmune diseases 
preceding POI and the increased incidence even more than a de
cade after being diagnosed with POI.

Compared to earlier studies investigating the prevalence of 
autoimmune disorders among women with POI, the most notable 
strength of this study is the high number of women with POI in 
the study population. Because of this high number, we were able 

Figure 1. Flow chart of the study population. POI, premature ovarian insufficiency; HRT, hormone replacement therapy; index date, the date when 
replacement for HRT was granted for the respective POI case.

Table 1. Total number of severe autoimmune diseases in women with premature ovarian insufficiency (POI) (n¼3972) and in the 
reference cohort (N¼15 708), prior to the index datea and during the whole study period.b

Prior the index datea During the whole study periodb

Number of autoimmune diseases Women with POI n (%) Reference cohort n (%) Women with POI n (%) Reference cohort n (%)

0 3749 (94.4) 15 352 (97.7) 3469 (87.3) 14 624 (93.1)
1 194 (4.9) 338 (2.2) 409 (10.3) 999 (6.4)
2 27 (0.7) 17 (0.1) 77 (1.9) 77 (0.5)
≥3 <5 (<0.1) <5 (<0.03) 17 (0.4) 8 (0.1)

a The date when reimbursement for hormone replacement therapy (HRT) was granted for the case with POI.
b By the end of the year 2017, the date of migration, or the date of death.
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to investigate the prevalence and incidence of rare autoimmune 
diseases among women with POI. Many previous studies are 
based on study populations of a few dozen to a few hundred POI 
patients. Moreover, the study period of this study was as long as 
30 years, while previous studies have been mainly cross-sectional 
and investigated the prevalence of autoimmune disorders close 
to POI diagnosis. To the best of our knowledge, no previous stud
ies have investigated the incidence of autoimmune diseases after 
POI diagnosis or compared the incidence of autoimmune diseases 
between women with POI and female population controls. 
Hence, our study makes a novel contribution to the field of etiol
ogy and comorbidity of POI.

Finnish registry data, on which the diagnoses of POI and auto
immune disorders were based, have been described as highly re
liable in evaluations of the quality of the data (Heino et al., 2018; 
Helle et al., 2022). The POI diagnoses in our study were based on a 
full reimbursement right for HRT, and the process to apply for 
this reimbursement included independent evaluations from two 
physicians. We believe that this two-step process identifies POI 
patients more reliably than searching with the diagnostic codes 
for POI from the HDR. Only spontaneous POI cases were included, 
as we could reliably exclude the POI cases caused by bilateral oo
phorectomy, as well as the cases of receiving a cancer diagnosis 
preceding POI diagnosis. In addition, in Finland, the autoimmune 
disorders included in this study are diagnosed and treated among 
specialized health care, except on rare occasions. Hence, their di
agnoses are systematically recorded in the mandatory HDR.

The study also has some limitations. Some disorders of auto
immune origin, such as celiac disease and hypothyroidism, can 
be diagnosed and treated solely in primary health care. This is 
why these diagnoses are under-reported in the HDR. Hence, this 
study focused only on more severe autoimmune diseases rou
tinely treated in specialized health care. As we aimed to investi
gate the risk of severe autoimmune diseases among women with 
spontaneous POI, we excluded the women with bilateral oopho
rectomy. It is known that also ovary-sparing hysterectomy at an 
early age associates with impaired ovarian reserve (Singha et al., 
2016) and may expose to earlier menopause, which was not taken 
into account in this study. It is likely that POI is underdiagnosed 
among hysterectomized women. However, we believe that hys
terectomized, undiagnosed POI cases are a small minority and 
excluding them would not make a difference to the results. 

Table 2. Prevalence of autoimmune diseases in women with premature ovarian insufficiency (POI) (n¼ 3972) and reference cohort 
(n¼15 708), prior to and after POI diagnosis.a

Autoimmune disease

Prior to POI diagnosis  
of the index case After the POI diagnosisb

POI n (%) Reference cohort n (%) POI n (%) Reference cohort n (%)

Endocrine diseases
Hyperthyroidism 26 (0.7) 54 (0.3) 58 (1.5) 199 (1.3)
Polyglandular autoimmune disorders (APECED,  

Schmidt syndrome, unspecified)
26 (0.7) <5 (<0.03) 12(0.3) <5 (<0.03)

Diabetes type I 21 (0.5) 73 (0.5) 54 (1.4) 83 (0.5)
Addison’s disease 23 (0.6) <5 (<0.03) 21 (0.5) 8 (0.05)
Inflammatory diseases
Rheumatoid arthritis 56 (1.4) 96 (0.6) 82 (2.1) 207 (1.3)
Ankylosing spondylitis 9 (0.2) 33 (0.2) 22 (0.6) 45 (0.3)
Inflammatory bowel diseases (Crohn’s disease, colitis ulcerosa) 41 (1.0) 70 (0.5) 61 (1.5) 159 (1.0)
Sarcoidosis 14 (0.4) 24 (0.2) 25 (0.6) 62 (0.4)
Vasculitis 18 (0.5) 7 (0.04) 19 (0.5) 16 (0.01)
Systemic lupus erythematosus 21 (0.5) 12 (0.1) 10 (0.3) 21 (0.1)

a Prior to or after the index date, i.e. the date when reimbursement for hormone replacement therapy (HRT) was granted for the woman with POI.
b Until the end of the year 2017, the date of migration, or the date of death.

Table 3. Odds ratios (ORs) with 95% CIs for women with 
premature ovarian insufficiency (POI, n¼ 3972) having an 
autoimmune disease prior to POI diagnosis,a as compared to 
reference cohort (n¼ 15 708).

Autoimmune diseases OR 95% CI

Endocrine diseases
Hyperthyroidism 1.9 1.2, 3.1
Polyglandular autoimmune diseases 

(APECED, Schmidt syndrome, unspecified)
25.8 9.0, 74.1

Diabetes type I 1.1 0.7, 1.9
Addison’s disease 22.9 7.9, 66.1
Inflammatory diseases
Rheumatoid arthritis 2.3 1.7, 3.2
Ankylosing spondylitis 1.1 0.5, 2.3
Inflammatory bowel diseases  

(Crohn’s disease and colitis ulcerosa)
2.2 1.5, 3.3

Sarcoidosis 2.3 1.2, 4.5
Vasculitis 10.2 4.3, 24.5
Systemic lupus erythematosus 6.3 4.2, 20.3

a Prior to the index date, i.e. the date when reimbursement for hormone 
replacement therapy (HRT) was granted for the case with POI.

Figure 2. Standardized incidence ratios, with 95% confidence interval 
(CI) bars, for being diagnosed with autoimmune disease after the index 
date among POI women, compared to the cohort of the control women, 
by 3-year follow-up periods since the index date. Women with 
autoimmune diseases prior to the index date were excluded.
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Furthermore, due to registry-based study setting, we had no ac
cess to some confounders that are associated with the risk for au
toimmune disease and POI, like body mass index and smoking 
(Harpsøe et al., 2014; Khan and Wang, 2019; Shelling and Ahmed 
Nasef, 2023). It was either not possible to interview or examine 
all participants to screen them for symptoms and signs of auto
immune diseases. However, the severe autoimmune diseases in
cluded in this study manifest with significant symptoms, and 
hence we presume that undiagnosed cases are rare.

Our study provides novel information at the population- 
based level about the association of severe autoimmune 
disorders and POI. Women diagnosed with POI have a more than 
2-fold prevalence of severe autoimmune diseases, and an in
creased incidence of these diseases for even more than a decade 
after being diagnosed with POI, compared with female popula
tion controls. The study results strengthen the hypothesis that 
autoimmune mechanisms play an important role in the 
pathogenesis of POI. Future studies should focus on the immu
nological mechanism of POI from preventative and curative 
perspectives.
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