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Congenital Heart Disease and Fertility: A 
Danish Nationwide Cohort Study Including 
Both Men and Women
Louise F. Udholm , MD; Linn H. Arendt, MD, PhD; Ulla B. Knudsen, MD, PhD;  
Cecilia H. Ramlau- Hansen , MHSc, PhD; Vibeke E. Hjortdal , MD, PhD, DMSc

BACKGROUND: Despite an increasing number of patients with congenital heart disease (CHD) reaching reproductive age, the 
fertility of these patients remains undescribed. Therefore, the aim of the study was to evaluate the fertility in men and women 
with CHD by estimating the risk of infertility and comparing the birth rates, proportions of individuals becoming parents or 
remaining childless, and the number of children per parent with unaffected individuals.

METHODS AND RESULTS: The study population consisted of individuals born between 1977 and 2000. Information on CHD, in-
fertility, and live born children were obtained from the Danish health registries. Hazard ratios for infertility were analyzed using 
a Cox regression model. Differences of proportions and birth rates were calculated and compared between groups. Among 
1 385 895 individuals, a total of 8679 (0.6%) were diagnosed with CHD. Men and women with simple or moderate CHD had 
no increased risk of infertility when compared with the reference population. Estimates for complex CHD groups were too 
imprecise for evaluation. Individuals with CHD were more often childless with consequently lower birth rates compared with 
unaffected individuals. However, those becoming parents had the same number of children as the reference population.

CONCLUSIONS: Men and women with simple or moderate CHD had the same risk of infertility as the reference population. 
Despite patients with CHD more often being childless, those becoming parents had the same number of children as parents 
without CHD. The current findings increase the knowledge regarding fertility in the CHD population.
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Today, most patients with congenital heart disease 
(CHD) reach childbearing age, and birth rates are 
consequently increasing in this patient group.1– 4 

Despite infertility being recognized as a global public 
health issue by the World Health Organization,5,6 it re-
mains unknown whether infertility is more common in 
patients with CHD compared with unaffected individuals. 
Fertility is mentioned in some, but not all, international 
guidelines7– 9 that describe impaired fertility in women with 
Fontan circulation. In women with other cardiac defects, 
it is stated that their fertility is most likely comparable with 
the female background population; however, these claims 

are unreferenced.7 Although several case studies report 
higher rates of menstrual abnormalities10– 15 and sponta-
neous abortions16– 26 in women with severe heart defects, 
less is known about women with more simple lesions. 
More than one- third of 505 Dutch and Belgian women 
with a septal defect were found to be diagnosed with a 
menstrual cycle disorder.11 Furthermore, we previously 
published a cohort study with the unexpected findings 
that women with atrial septal defects had a higher risk 
of receiving fertility treatment compared with a matched 
reference cohort,26 suggesting that fertility may also be 
impaired in women with less severe heart defects.
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Knowledge of fertility in men with CHD is nearly non-
existent. Only erectile dysfunction has been mentioned 
as an impaired outcome related to their reproductive 
health.27– 29 A compromised blood flow to the male gen-
italia, as well as hypoxemia, may potentially also affect 
the ongoing production of semen and, therefore, the 
ability to reproduce. Although factors other than fertility 
influence family size today, lower birth rates in men and 
women with CHD, in comparison with reference pop-
ulations, may also point toward impaired fertility.2,30– 34

Despite indications of fertility issues and reports 
of fertility concerns among young adults,27,35– 37 our 
knowledge is limited. With this nationwide cohort 
study, we therefore aimed to evaluate the fertility in 
both men and women with CHD compared with the 
background population by first evaluating the risk of 
being diagnosed with infertility and, second, compar-
ing the rates of live born children, the proportions of 
individuals becoming parents or remaining childless, 
and the average number of children per parent.

METHODS
Data Availability Statement
The data set underlying this article is not publicly avail-
able because of national data security legislation on 
sensitive personal data. L.F.U. had full access to the 
data set and takes responsibility for its integrity and 
the data analysis. Researchers may apply for access 
to data from Statistics Denmark. Further information is 
available at https://www.dst.dk/en/TilSa lg/Forsk nings 
service.

Study Population
We identified all individuals born alive in Denmark 
between January 1, 1977, and December 31, 2000. 
Since 1968, all residents in Denmark have been given 
a personal identification number from the Danish Civil 
Registration System (CRS), enabling linkage between 
all national registries.38 The identification number in-
cludes information on date of birth and sex. The CRS 
also contains information on vital status, date of death, 
emigration, and disappearance as well as personal 
identification numbers for spouse(s) and children.

A flowchart of the establishment of the study pop-
ulation is shown in the Figure. For the final population, 
we excluded individuals diagnosed with syndromes 
related to both CHD and potentially impaired repro-
ductive health. We further excluded individuals living 
in Greenland (a part of the Kingdom of Denmark), as 
Greenlandic women are not registered in the Danish In 
Vitro Fertilisation (IVF) register used to obtain informa-
tion on infertility. To ensure that the study population 
consisted of individuals at risk of infertility, we started 
follow- up at the age of 18 years and excluded those 
with infertility, competing risks (procedure codes for 
sterilization, hysterectomy, or bilateral oophorectomy), 
emigration (living outside Denmark for >6 months), 
death, or disappearance before this age. A diagnosis 
of infertility before age 18 is considered a result from 
surgical procedures or cancer treatment rather than 
unsuccessful pregnancy attempts. The study pop-
ulation was then followed until first registration with 
infertility, sterilization (and hysterectomy and bilateral 
oophorectomy in women), emigration, death, disap-
pearance, or censoring at the end of follow- up, which-
ever event came first.

Use of data from Statistics Denmark was approved 
by the Danish Data Protection Agency (approval No. 
P- 2020- 208). Ethical approval was waived because of 
the nature of the study with anonymized and untrace-
able data.

Assessment of Congenital Heart Defects
Identification of individuals with a congenital heart de-
fect was possible using the DNPR (Danish National 

CLINICAL PERSPECTIVE

What Is New?
• With this nationwide cohort study, we are the 

first to evaluate the risk of being diagnosed with 
infertility in men and women with congenital 
heart disease compared with unaffected men 
and women.

• In both sexes, we found no increased risk of in-
fertility when comparing individuals with simple 
or moderate heart defects with unaffected indi-
viduals; complex heart defect groups diagnosed 
with infertility were too small for firm conclusions.

• Regardless of defect severity, men and women 
with congenital heart disease were more often 
childless, but those who became parents had 
the same number of children as unaffected 
individuals.

What Are the Clinical Implications?
• Our study contributes with reassuring informa-

tion to patients with congenital heart disease of 
simple or moderate complexity who may have 
concerns about their fertility.

Nonstandard Abbreviations and Acronyms

AMH anti- Müllerian hormone
CRS Civil Registration System
DMBR Danish Medical Birth Registry
DNPR Danish National Patient Register
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Patient Register), which contains information on all 
inpatient and outpatient contacts at all Danish hospi-
tals.39 From 1977 until the end of 1993, the International 
Classification of Diseases, Eighth Revision (ICD- 8) 
codes for CHD were used (746– 747, except 746.7, 
747.5– 747.9 [not specific for CHD]), and thereafter the 
updated International Classification of Diseases, Tenth 
Revision (ICD- 10) was available (Q20– Q26, except for 
Q26.5 and Q26.6 [not specific to CHD]). Individuals 
with patent ductus arteriosus (ICD- 8 code 74709, ICD- 
10 code DQ25.0) were included if born after gestational 
week 37. To increase the validity of the registered heart 
defect diagnosis, only main diagnoses given at 1 of the 
Danish university hospitals were accepted. If >1 heart 
defect was registered, the most severe defect was 
chosen. We studied CHD overall and subdivided it into 
simple, moderate, and complex CHD inspired by the 
guidelines from the European Society of Cardiology8 
(Table  S1). Individuals who underwent correction of 
their heart defect were identified in the DNPR using 
ICD- 830– 33 and ICD- 10 procedure codes related to sur-
gical and catheter- based repair.

Assessment of Infertility and Live Births
If pregnancy is not achieved after 1 year of unprotected, 
active sexual activity, the couple is per definition infer-
tile40 and can be referred for tax- financed assessment 
and medically assisted reproduction treatment at a 
public fertility clinic in Denmark.41– 43 The only require-
ments are age <41 years in women and childlessness. 
In private fertility clinics, self- paid treatment is offered 
for all women up to age 46 years regardless of parity. 
Today, around 50% of all treatments are performed at 
public clinics. In Denmark, lesbian and single women 
have free access to medically assisted reproduction 
treatment under the same requirements as heterosex-
ual couples.

The DNPR and IVF register hold information on 
all individuals who are infertile and seek help in the 
Danish health care system.39,44 Since 1994, registra-
tion of all fertility treatments (both public and private) in 
the IVF register is mandatory by law. The IVF register 
contains detailed information on each treated woman, 
including indication for treatment (male or female indi-
cation), type of treatment, pregnancy outcomes, and 

Figure. Flowchart of the establishment of the study population of individuals born between January 1, 1977, and December 
31, 2000.
CHD indicates congenital heart disease.
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information on her partner, if any. Before 1994, infor-
mation on individuals who were infertile was only reg-
istered in the DNPR. The DNPR contains information 
on both diagnosis codes for infertility and procedure 
codes for fertility treatment. In the present study, we 
classified men and women as infertile using 2 differ-
ent definitions of infertility. In model 1, we ignored the 
indication for infertility diagnosis or treatment (male or 
female factor) as no causes are identified in 10% to 
20% of couples who are infertile and 25% to 40% of 
cases are attributed to combined factors.45 In model 2, 
we restricted the definition of infertility and considered 
only women as infertile if a female factor was regis-
tered as the indication and likewise with a male factor 
in men. Accordingly, women were classified as infertile 
in model 1 if they were registered in the IVF register or 
registered in the DNPR with 1 of the ICD- 10 diagnosis 
codes (N97 [female infertility], N97.0 [female infertility 
associated with anovulation], N97.1 [female infertility of 
tubal origin], N97.2 [female infertility of uterine origin], 
N97.3 [female infertility of cervical origin], N97.4 [female 
infertility associated with a male factor], N97.8 [female 
infertility of other origin], N97.8B [female infertility of 
ovarian origin], or N97.9 [female infertility of unspeci-
fied origin]) or registered with ICD- 10 procedure codes 
(BJFL0 [fertility treatment], BJFL00 [IVF treatment], 
BJFL01- 01B [micro- insemination], BJFL04 [treatment 
with cryopreserved embryos], BJFL05 [treatment with 
donor egg], BJFL09 [fertility treatment, unspecified], or 
BJFL3 [insemination]). In model 2, women were clas-
sified as infertile if the following female factor- specific 
codes were registered: N97.0, N97.1, N97.2, N97.3, 
N97.8B, or BJFL05. Single women (considered when 
ICD- 10 code Z60.2 “living alone” was registered with-
out an infertility diagnosis) and women with a female 
partner were not classified as infertile in the present 
study.

Likewise, men were classified as infertile in model 
1 if they were registered in the IVF register or regis-
tered in the DNPR with ICD- 10 diagnosis code N46 
(male factor infertility) or if their wife was registered 
with the aforementioned DNPR diagnoses or proce-
dures presented for model 1 in women. As women 
are the ones being treated and therefore more likely to 
be registered with infertility (regardless of indication), 
this increased the chance of identifying infertile cou-
ples erroneously not registered with male factor in the 
registries. Using information on marital status from the 
CRS register on all men in the study population, mar-
ried couples were identified, allowing for identification 
of the female partner in the DNPR. In model 2, men 
were classified as infertile if they were registered with 
N46 (male factor infertility) or their wife was registered 
with N97.4 (female infertility associated with male fac-
tor) or if codes for treatment with donor semen were 
used (BJFL00A, BJFL03, BJFL31).

Using the DMBR (Danish Medical Birth Registry), 
we further identified all live born children born to men 
and women in the study population and obtained birth 
dates for each child.

Covariates
The year of birth of the study population was retrieved 
from the birthdate available from the CRS and catego-
rized into 3 birth periods covering 1977 to 1984, 1985 
to 1992, and 1993 to 2000. The 3 categories corre-
spond to the age groups 18 to 25 years, 26 to 33 years, 
and 34 to 41 years. From the DMBR, information on the 
study participants’ gestational age, birth weight, and 
their mother’s age at birth were available. If gestational 
age was <22 weeks or >45 weeks, it was encoded 
as missing. Preterm birth was defined as birth before 
gestational week 37. Birth weight was converted into 
Z scores using reference material by Maršál et al46 
and Olsen et al.47 This was done to account for differ-
ences in gestational ages between groups. Z scores 
express the number of SDs the birth weights deviate 
from the expected birth weight based on sex and ges-
tational age. Information on socioeconomic status was 
obtained from Statistics Denmark. Based on level of 
income and employment, Danish individuals are annu-
ally categorized into a main source of income rang-
ing from “owner of business” and “chiefs executive or 
employee with high income” to “employee with low 
income” and “student.” We retrieved this information 
for both the study participant and for the mother of 
the study participant and categorized them into high, 
middle, low, or other socioeconomic status based on 
the highest category observed during follow- up. Lastly, 
information on congenital genital abnormalities was re-
trieved from the DNPR using the ICD- 8 codes 752.82 
and 752.83 and ICD- 10 codes DQ50- 55. Covariates 
were categorized or kept continuous as shown in 
Table 1. Potential confounding factors were identified 
using directed acyclic graphs based on reviews of the 
current literature.48 We adjusted for maternal socioeco-
nomic status and maternal age at birth as well as the 
time period the study participant was born to account 
for improved diagnostics over time.

Statistical Analysis
Using Cox regression analyses, we estimated hazard 
ratios (HRs) with 95% CIs for being infertile in men and 
women with CHD compared with unaffected men and 
women. Age was used as the underlying time scale, 
which ensured comparison between groups with the 
exact same ages. Analyses were performed for each 
sex separately and fitted with robust standard errors 
to account for clustering of siblings. As clarified in the 
Methods section (“Assessment of Infertility and Live 
Births”), we performed 2 separate models based on 
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different definitions of infertility. In addition, 2 subanaly-
ses were performed. First, we repeated the analyses 
with CHD divided into simple, moderate, and complex 
disease. As the study population consisted of individu-
als born between 1977 and 2000 and followed until 
2018, ages ranged from 18 to 41 years. Therefore, sec-
ond, we repeated all analyses restricted to men and 
women aged 34 to 41 years at the end of the study 
to evaluate individuals at the end of their reproductive 

age period. The proportional hazards assumption was 
evaluated by means of log minus log survival plots 
comparing estimated survivors’ curves for different 
categories of covariates included in the models.

Among individuals aged 34 to 41 years, we further 
calculated male and female birth rates for both CHD 
and non- CHD groups by dividing the total numbers 
of live born children per 1000 individuals divided by 
the 41- year period of observation. This was calculated 

Table 1. Background Characteristics Among Men and Women and Their Mothers According to CHD

Men Women

n=711 847 (51.4%) n=674 048 (48.6%)

CHD No CHD CHD No CHD

n=4342 (0.6%) n=707 505 (99.4%) n=4337 (0.6%) n=669 711 (99.4%)

Study participant’s characteristics

Surgical or catheter- based repair, n (%) 1522 (35.1) 1652 (34.0)

Period of birth, n (%)

1977– 1984 (n=424 445) 1035 (23.8) 216 987 (30.7) 1097 (25.3) 205 326 (30.7)

1985– 1992 (n=454 788) 1403 (32.3) 232 243 (32.8) 1286 (29.7) 219 856 (32.8)

1993– 2000 (n=506 662) 1904 (43.9) 258 275 (36.5) 1954 (45.0) 244 529 (36.5)

Preterm birth, n (%)

Yes 426 (9.8) 35 980 (5.1) 406 (9.4) 29 665 (4.4)

No 3574 (82.3) 607 862 (85.9) 3583 (82.6) 579 749 (86.6)

Missing 342 (7.9) 63 663 (9.0) 348 (8.0) 60 297 (9.0)

Mean birth weight Z score (SD) −0.1 (1.3) 0.0 (1.1) −0.5 (1.3) −0.3 (1.1)

Missing 371 (8.5) 66 228 (9.4) 374 (8.6) 62 504 (9.3)

Congenital genital abnormalities, n (%) 236 (5.4) 17 795 (2.5) 23 (0.5) 2058 (0.3)

Socioeconomic status*

High 547 (12.6) 114 933 (16.2) 446 (10.3) 99 620 (14.9)

Middle 1939 (44.7) 344 538 (48.7) 1714 (39.5) 291 767 (43.6)

Low 1576 (36.3) 205 231 (29.0) 1934 (44.6) 243 991 (36.4)

Other >275 (>6.3)† 41 715 (5.9) >238 (>5.5)† 33 282 (5.0)

Missing <5 (<0.1)† 1088 (0.2) <5 (<0.1)† 1051 (0.2)

Maternal characteristics

Maternal socioeconomic status*

High 1513 (34.8) 259 672 (36.7) 1521 (35.1) 244 343 (36.5)

Middle 2543 (58.6) 413 563 (58.5) >2518 (>58.1)† 392 986 (58.7)

Low 270 (6.2) 31 206 (4.4) 282 (6.5) 29 426 (4.4)

Other 7 (0.2) 1036 (0.1) <5 (<0.1)† 905 (0.1)

Missing 9 (0.2) 2028 (0.3) 11 (0.3) 2051 (0.3)

Maternal age at birth, y

<20 138 (3.2) 22 788 (3.2) 155 (3.6) 21 375 (3.2)

20– 24 940 (21.6) 162 435 (23.0) 976 (22.5) 154 125 (23.0)

25– 29 1706 (39.3) >276 080 (>39.0)† 1651 (38.1) 261 569 (39.1)

30– 34 1154 (26.6) 180 265 (25.5) 1123 (25.9) 170 479 (25.5)

≥35 404 (9.3) 65 932 (9.3) 432 (10.0) 62 163 (9.3)

Missing 0 <5 (0.0)† 0 0

CHD indicates congenital heart disease.
*Based on the highest value of socioeconomic status available during the follow- up period.
†According to the Danish Health Data Authority, numbers <5, including missing data, were masked to ensure unidentifiable data.
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only for the oldest age group because this group was 
closest to having completed their reproductive age. 
For both patients with CHD and unaffected individu-
als, we calculated the proportions of individuals either 
becoming parents or remaining childless during fol-
low- up. Differences between proportions were tested 
by means of Z tests. We further calculated the average 
number of children per parent in CHD and non- CHD 
groups, and age at first birth was retrieved from sub-
tracting the birth dates for the child from the child’s 
parent.

All statistics were performed by using Stata 16.1 MP 
software (StataCorp, College Station, TX).

RESULTS
From January 1, 1977, to December 31, 2000, 
1 472 258 individuals were born alive in Denmark. After 
exclusion of individuals with syndromes (n=12 225) or 
living in Greenland (n=1506) and individuals with death, 
emigration, disappearance, competing risks or infertil-
ity before the age of 18 years (n=72 632), the final study 
population consisted of 1 385 895 individuals (95.0%). 
Of these, 8679 (0.6%) were diagnosed with a congeni-
tal heart defect (4342 men and 4337 women). When 
divided into subgroups, 50.9% had a simple defect, 
34.1% a moderate defect, 7.0% a complex defect, and 
8.0% had unspecified defects (Table S1).

Table 1 shows characteristics of the study partic-
ipants and their mothers according to CHD for each 
sex separately. Heart defect repair (catheter- based 
or open- heart surgery) was performed in 35.1% of 
the men and 34.0% of women. Compared with the 
reference cohorts, men and women with CHD were 

more often born preterm, and they were of lower so-
cioeconomic status. Congenital genital malformations 
were more frequently diagnosed in men with CHD 
compared with unaffected men, with hypospadias as 
the most frequent malformation. In terms of maternal 
characteristics, mothers of men and women with CHD 
were more often of lower socioeconomic status. Birth 
weight Z scores and maternal age at birth did not differ 
between groups.

As expected, the total numbers of men and women 
who were infertile identified during follow- up differed 
according to the definition of infertility used and across 
birth periods, with 10.1% diagnosed with infertility 
using the restrictive definition (model 2) among study 
participants aged 34 to 41 years. Data are available in 
Table S2.

Infertility
Men and women with CHD were followed for 9.4 (SD 
6.5) years on average in comparison with 10.6 (SD 6.6) 
years in unaffected individuals. Crude and adjusted 
HRs with 95% CIs for infertility in men and women ac-
cording to congenital heart defects are presented in 
Table 2. In both models, men and women with CHD had 
the same risk of infertility compared with the reference 
group of unaffected individuals. The results persisted 
when restricting to the individuals aged 34 to 41 years, 
thus with the longest follow- up time (Table S3). When 
dividing CHD into subgroups, no increased risk of in-
fertility was observed for men and women with sim-
ple or moderate defects (Table S4). In individuals with 
complex defects, there was a tendency of a higher risk 
of infertility, although the numbers were considerably 
small and compatible with no association.

Table 2. Crude and Adjusted HRs for Infertility Among Men and Women Born 1977 to 2000 According to CHD

Men Women

CHD No CHD CHD No CHD

n=4342 n=707 505 n=4337 n=669 711

Model 1*

Number of individuals who were 
infertile (n=81 344)

194 36 696 236 44 218

Crude HR (95% CI) 1.04 (0.90– 1.20) 1.00 (Reference) 0.99 (0.87– 1.13) 1.00 (Reference)

Adjusted HR (95% CI)† 1.04 (0.90– 1.19) 1.00 (Reference) 1.00 (0.88– 1.14) 1.00 (Reference)

Model 2‡

Number of individuals who were 
infertile (n=63 061)

141 25 381 206 37 333

Crude HR (95% CI) 1.09 (0.92– 1.28) 1.00 (Reference) 1.02 (0.89– 1.18) 1.00 (Reference)

Adjusted HR (95% CI)† 1.09 (0.92– 1.29) 1.00 (Reference) 1.03 (0.90– 1.19) 1.00 (Reference)

CHD indicates congenital heart disease; and HR, hazard ratio.
*Model 1: men and women were classified as infertile when diagnosed with infertility regardless of indication.
†Adjustment for birth period, maternal socioeconomic status, and maternal age at birth.
‡Model 2: women were classified as infertile when a female factor was the indication for fertility treatment, and men were classified as infertile if a male factor 

was registered.
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Live Births
Assessing women aged 34 to 41 years, a total number 
of 1679 live born children were born to women with 
CHD (n=1097) compared with 341 590 children to unaf-
fected women (n=205 326), yielding a lower birth rate for 
women with CHD (37.3 versus 40.6 children per 1000 
women; birth rate ratio, 0.92 [95% CI, 0.86– 0.99]). In 
the female group with CHD, 73.6% were mothers com-
pared with 80.4% in the female reference population 
(Table 3), with the fewest mothers among women with 
complex CHD (66.7%). Thus, women with CHD were 
more often childless compared with unaffected women 
(6.7% points difference [95% CI, 4.2%– 9.5%]). However, 
those becoming mothers had the same number of chil-
dren (2.1 children, SD 0.8), and this was irrespective of 
the CHD severity. Overall, the median age at first child 
was the same for all groups, but when assessing the 
CHD severity, women with complex CHD were younger 
at first child compared with unaffected women.

Among men aged 34 to 41 years, those diagnosed with 
CHD had a lower birth rate when compared with unaf-
fected men (birth rate ratio, 0.92 [95% CI, 0.85– 1.00]). A 
total number of 1277 live born children were identified in 
male patients (n=1035), corresponding to a birth rate of 
30.1 children per 1000 men. The birth rate for unaffected 
men was 32.6. Men with CHD were more often childless 
(4.8% points difference [95% CI, 1.9%– 7.7%]), and among 
men with complex heart defects, only approximately half of 
them (52.9%) had children (Table 3). The mean number of 
children and age at first child did not differ between groups.

DISCUSSION
In this cohort study, we investigated the risk of infertil-
ity in men and women with CHD in comparison with 

men and women without CHD. We found no increased 
risk of being diagnosed with infertility in either men or 
women registered with CHD of simple or moderate 
complexity. We were unable to come to a conclusion 
on individuals with complex defects because of the low 
number of cases. Results persisted when restricting 
to the oldest individuals aged 34 to 41 years with the 
longest follow- up time. Although birth rates were lower 
for men and women with CHD, those becoming par-
ents during follow- up had the same number of children 
when compared with unaffected men and women.

To our knowledge, we are the first to estimate the 
risk of infertility in both men and women with CHD 
compared with men and women without CHD. Our 
results provide encouraging information to patients 
with simple or moderate lesions and contribute to 
our scarce knowledge on fertility in this population. 
In 2019, we evaluated women born with atrial septal 
defects and surprisingly found that they had a higher 
risk of receiving fertility treatment compared with a 
matched reference cohort.26 One central point is that 
the DNPR was the only registry used in the previous 
study to identify women who were infertile, and in this 
registry, only procedure codes for fertility treatment 
were included. Consequently, cases were undoubt-
edly missed. Patients with CHD are probably more 
likely to seek fertility treatment at public hospitals with 
CHD expertise (and therefore registered in the DNPR) 
in contrast to heart- healthy women, who are perhaps 
more likely to choose private fertility clinics. As these 
private treatments are only registered in the IVF regis-
try, the prevalence of receiving fertility treatment in the 
reference cohort was likely more underestimated than 
that of women with atrial septal defects, and this might 
explain our findings of an increased risk of receiving 
fertility treatment in women with atrial septal defects. 

Table 3. Number of Men and Women With and Without Children, Mean Number of Children Per Parent, and Age at First 
Child According to CHD Overall and Subgroups

Individuals born 1977 to 1984 
(N=425 445) Childless, n (%) Parent, n (%)

Mean number 
of children per 
parent (SD)

Median age at first child 
(IQI), y

Women with no CHD (n=205 326) 40 210 (19.6) 165 116 (80.4) 2.1 (0.8) 28.0 (25.0– 30.0)

Women with CHD (n=1097) 290 (26.4) 807 (73.6) 2.1 (0.8) 27.4 (25.0– 30.0)

Simple (n=542) 141 (26.0) 401 (74.0) 2.1 (0.8) 27.0 (25.0– 30.0)

Moderate (n=452) 122 (27.0) 330 (73.0) 2.0 (0.8) 28.0 (25.0– 30.0)

Complex (n=45) 15 (33.3) 30 (66.7) 2.2 (0.8) 26.2 (23.1– 28.9)

Unspecific (n=58) 12 (20.7) 46 (79.3) 2.1 (0.8) 27.8 (24.8– 30.6)

Men with no CHD (n=216 987) 69 702 (32.1) 147 285 (67.9) 2.0 (0.8) 29.0 (26.0– 32.0)

Men with CHD (n=1035) 382 (36.9) 653 (63.1) 2.0 (0.8) 29.0 (26.0– 32.0)

Simple (n=412) 141 (34.2) 271 (65.8) 1.9 (0.8) 29.0 (26.0– 32.0)

Moderate (n=499) 185 (37.1) 314 (62.9) 1.9 (0.8) 29.0 (26.0– 32.0)

Complex (n=51) 24 (47.1) 27 (52.9) 2.0 (0.8) 28.4 (24.7– 30.9)

Unspecific (n=73) 32 (43.8) 41 (56.2) 2.0 (0.8) 27.8 (25.5– 31.4)

CHD indicates congenital heart disease, and IQI, interquartile interval.



J Am Heart Assoc. 2023;11:e027409. DOI: 10.1161/JAHA.122.027409 8

Udholm et al Congenital Heart Disease and Fertility

Furthermore, only women who already had given birth 
were included in the previous study. This may induce 
selection bias as both having a heart defect and being 
infertile may affect the probability of having given birth.

Other studies consist of several case series eval-
uating pregnancy and birth outcomes in women with 
various CHD diagnoses.16– 25,49 Based on replies from 
questionnaires and high rates of miscarriage, impaired 
fertility is consistently reported in women with Fontan 
circulation.17,22– 24,49 This is further supported by the well- 
described risk of menstrual abnormalities in women 
with complex or cyanotic heart disease,10– 15 which is 
associated with irregular ovulation or complete an-
ovulation. In most studies, hypoxemia appears to be a 
central risk factor.10,12,16,19,21,22,24 Recently, Matsushita et 
al published a novel study assessing the levels of anti- 
Müllerian hormone (AMH) in 43 women with complex 
heart defects.15 The authors found significantly lower 
AMH levels when compared with age- matched healthy 
controls. As AMH is a biomarker reflecting the ovarian 
reserve, low AMH levels in these patients may indicate 
an impaired ovarian function. Interestingly, Matsushita 
et al found no association between AMH levels and 
saturation levels. As proposed, this may point toward 
reduced cardiac output being a central risk factor of 
impaired fertility, at least in women. In addition, it re-
mains unknown whether damage to the gonads occurs 
already in utero in some cases. In the present study, 
we unfortunately had too few registered with infertility 
among individuals with complex CHD to firmly evaluate 
their estimates. Of the women with complex CHD, 1 
of 3 had no children, whereas nearly half of the men 
were childless. Some may have actively chosen a life 
without children, whereas some women with high- risk 
conditions (modified World Health Organization classi-
fication IV) may have been advised against pregnancy.7 
We cannot reject a higher risk of infertility among indi-
viduals not embarking on pregnancy. However, among 
men and women becoming parents, we observed no 
difference in the number of children born, irrespective 
of the CHD severity. This may indicate that men and 
women with CHD who desire to have children have no 
impaired fertility or at least have no difficulties leading 
to a diagnosis of infertility. Although an overall lower 
birth rate was expected in men and women with com-
plex defects, individuals with more simple lesions were 
also more often childless compared with individuals 
without CHD. This truly emphasizes the importance 
of patient education in early adolescence on topics 
such as relationships, sex, fertility, and pregnancy to 
reduce potential anxiety and concerns in young adults. 
This might prevent some of them from (unnecessarily) 
avoiding relationships and future children. Pointing in 
the opposite direction, however, Lammers et al found 
German women with CHD (n=25 585) to have a slightly 
higher number of pregnancies on average than women 

in the background population.20 Nevertheless, transi-
tion programs for adolescents with CHD into adulthood 
have an important task to increase the empowerment 
of young adults, and for those with no lifelong follow- up 
required, a general education of family doctors and 
nurses may help the patients toward living a life like 
everyone else as much as possible.

Our study has several strengths but also some lim-
itations. Using the Danish registries, we had access 
to large, individual- level data and were able to include 
>8600 individuals diagnosed with CHD. However, we 
had no information on clinical parameters, such as 
saturation levels, hemodynamics, and drug therapy. 
Several of these aspects would have been interesting 
to examine regarding their impact on fertility.

The DNPR was used to identify individuals with 
CHD. Because the registry’s purpose is primarily ad-
ministrative, the validity of diagnoses is essential when 
performing epidemiological studies. A previous valida-
tion study found a positive predictive value of 90% if 
only including diagnoses given at 1 of the Danish uni-
versity hospitals with specialized cardiac centers.50 We 
applied this approach to the present study knowing it 
may have been at the expense of having some milder 
cases not included in the CHD group. The prevalence 
of CHD was 0.6%, which is lower than previously re-
ported in Danish populations (0.7% and 1.2%).51,52 This 
is likely explained by the aforementioned approach in 
addition to the exclusion of individuals with certain syn-
dromes as well as death before the age of 18 years. The 
DNPR also contains information on infertility diagno-
ses, which we combined with the IVF registry. Among 
men and women aged 34 to 41 years, the prevalence of 
infertility ranged between 10.1% and 12.6% depending 
on the definition of infertility used. This is lower than the 
14% to 16% reported in a large, UK population- based 
study with primary care data and a European popula-
tion survey.53,54 The follow- up of individuals, in particu-
lar men, not beyond their reproductive age period may 
account for some of the missing data. In addition, we 
unfortunately lacked information on unmarried couples 
erroneously not registered together in the IVF registry. 
This may have resulted in some missed cases among 
men. Lastly, we cannot exclude that some of the child-
less men and women had difficulties conceiving but 
never sought help. However, our clinical impression is 
that pregnancy is a heartfelt wish for many patients.

With access to data on mothers to our study par-
ticipants, we were able to adjust for maternal socio-
economic status and maternal age at birth, which we 
considered to be important confounding factors in the 
association between CHD and infertility. Adjustment 
for parity was omitted to avoid collider stratification 
bias, which is at risk when conditioning on a com-
mon effect of the exposure and outcome. A life with 
CHD may influence one’s parity, and, naturally, parity 



J Am Heart Assoc. 2023;11:e027409. DOI: 10.1161/JAHA.122.027409 9

Udholm et al Congenital Heart Disease and Fertility

is determined by one’s ability to become pregnant and 
hold a pregnancy to term. Instead, we evaluated parity 
by comparing birth rates and proportions of individuals 
either becoming a parent or remaining childless in the 
study period. Important to notice is the fact that men 
and women with CHD, predominantly those with se-
vere complexity, had a higher mortality rate than the 
reference populations and were therefore followed on 
average 1 year less. We accounted for this disparity 
between groups by including death as a competing 
risk in the Cox model.

In Denmark, the free and equal health care system 
ensures early diagnosis and intervention in children 
presenting with CHD and therefore improves their 
long- term outcomes. Results from the present study 
may therefore only be generalized to populations with 
similar health care systems.

This is the first nationwide cohort study to evaluate 
the risk of infertility in both men and women diagnosed 
with CHD. In both sexes, we found no evidence for an 
increased risk of infertility when comparing individuals 
with simple and moderate CHD with individuals without 
CHD. For men and women with complex defects, we 
could neither reject nor confirm an association because 
of imprecise estimates. Regardless of defect severity, 
birth rates were lower than rates from the background 
population, but patients with CHD who had children 
reached the same number of children compared with 
unaffected parents. Naturally, we cannot reject a higher 
risk of infertility among individuals not engaging in re-
lationships or couples not embarking on pregnancy or 
seeking fertility assistance. Still, our findings contribute 
with accurate data to CHD specialists providing pre-
pregnancy counseling and may therefore reduce some 
of the potential concerns of living with CHD.
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SUPPLEMENTAL MATERIAL



Table S1. Categorization of congenital heart defects (CHD) into simple, moderate, and complex subgroups, diagnostic ICD-8 and 

ICD-10 codes, and the number of individuals included. 

Severity Subtypes ICD-8 codes ICD-10 codes n = 

Complex CHD Univentricular heart  Q20.1, Q20.2, Q20.4, Q22.6, Q23.4 117 

Stenosis or atresia of pulmonary artery 7473 Q25.5, Q25.6, Q25.7, Q25.8, Q25.9 144 

Transposition of great vessels 7461 Q20.3 258 

Truncus arteriosus communis 7460 Q20.0 35 

Other disconnections (ccTGA, isomerisme etc.) Q20.5, Q20.8, Q20.9, Q24.1 56 

Moderate CHD Atrioventricular septal defect 7465, 74641 Q21.2, Q21.8B 248 

Ebstein's anomalia Q22.4, Q22.5, Q22.8, Q22.9 59 

Tetralogy of Fallot 7462 Q21.3 257 

Partly or totally abnormal pulmonary venous connection Q24.2, Q26.2, Q26.3 29 

Coarctatio of the aorta 7471 Q25.1 350 

Infundibular right ventricle outflow tract obstruction Q24.3 6 

Subvalvular/supravalvular aortic stenosis Q24.4, Q25.2, Q25.3 70 

Malformation of coronary vessels (ALCAPA, ARCAPA) Q24.5 25 

Other malformations in aorta Q25.4, Q25.4I, Q25.4G 30 

Aortic valve disease 74662 Q23.0, Q23.1, Q23.1A 461 

Mitral valve disease 74660, 74661 Q23.2, Q23.3 136 

Pulmonary valve disease Q222, Q223, Q238B 12 

Other valve malformations or diseases 74669 Q23.8, Q23.9 208 

Other septal malformations Q21.4, Q21.8, Q21.9 32 

Other malformations of the great arteries 7472, 7474 Q26.0, Q26.1, Q26.4, Q26.8, Q26.8A, Q26.8B, Q26.9 100 

Other specified malformation of the heart 74689, 74699 Q20.6, Q24.0, Q24.6, Q24.8C, Q24.8E 1073 

Simple CHD Atrial septal defect 7464 Q21.1 1364 

Ventricular septal defect  7463 Q21.0 2154 

Ductus arteriosus 7470 Q25.0 506 

Pulmonary valve stenosis 74663 Q22.0, Q22.1 395 

Other unspecified Q24, Q24.8, Q24.9 554 



 

 

 

.

Abbreviations: ICD-8 and ICD-10 = International Classification of Diseases, Eighth and Tenth Revision, CHD = congenital heart disease, ccTGA = congenitally corrected transposition of 

the great arteries 

  



Table S2. Number of infertile men and women identified in the Danish National Patient 

Register (DNPR) and the In Vitro Fertilization register (IVF). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Model 1, n (%)* Model 2, n (%)† 

Total study population 81,344 (5.9) 63,061 (4.6) 

(n = 1,385,895)   

Men (n = 711,847) 36,890 (5.2) 25,522 (3.6) 

Women (n = 674,048)  44,454 (6.6) 37,539 (5.6) 

Birth period   

1977-1984 (n = 424,445) 53,599 (12.6) 42,846 (10.1) 

1985-1992 (n = 454,788) 25,882 (5.7) 18,864 (4.1) 

1993-2000 (n = 506,662) 1,863 (0.4) 1,351 (0.3) 

*Model 1: Men and women were classified as infertile when diagnosed with infertility regardless of indication   

† Model 2: Women were classified as infertile when female factor was the indication for fertility treatment,   

and men were classified as infertile if male factor was registered    



Table S3. Crude and adjusted hazard ratios for infertility among men and women aged 34-41 years (born 1977-1984) according to 

congenital heart disease. 

 

 

Individuals aged 34-41 years 

(n = 424,445) 

Men Women 

CHD No CHD CHD No CHD 

n = 1,035 n = 216,987 n = 1,097 n = 205,326 

Model 1*     
Number of infertile individuals  

       (n = 42,846) 98 17,856 134 24,758 

      Crude HR (95% CI) 1.14 (0.94-1.39) 1.00 (reference) 1.04 (0.88-1.23) 1.00 (reference) 

      Adjusted HR (95%)† 1.14 (0.94-1.40) 1.00 (reference) 1.05 (0.89-1.25) 1.00 (reference) 

Abbreviations: CHD: congenital heart disease, HR: hazard ratio, CI: confidence interval   

*Model 1: Men and women were classified as infertile when diagnosed with infertility regardless of indication    

†Adjustment for birth period, maternal socioeconomic status and maternal age at birth   

     

 



Table S4. Crude and adjusted hazard ratios for infertility among women and men born 1977-

2000 according to subgroups of congenital heart disease. 

 

 Infertile, n = Crude HR (95% CI) Adjusted HR (95% CI)† 
Model 1* 

Women     

No CHD (n = 669,711) 44,218 1.00 (reference) 1.00 (reference) 

Simple CHD (n = 2,461) 119 0.97 (0.81-1.16) 0.97 (0.81-1.17) 

Moderate CHD (n = 1,291) 91 0.99 (0.81-1.22) 1.00 (0.82-1.23) 

Complex CHD (n = 258) 15 1.40 (0.82-2.25) 1.36 (0.81-2.30) 

Unspecific CHD (n = 327) 11 0.88 (0.49-1.60) 0.88 (0.49-1.60) 

Men       

No CHD (n = 707,505) 36,696 1.00 (reference) 1.00 (reference) 

Simple CHD (n = 1,958) 80 1.07 (0.86-1.33) 1.06 (0.85-1.32) 

Moderate CHD (n = 1,668) 84 0.93 (0.75-1.15) 0.93 (0.75-1.16) 

Complex CHD (n = 351) 13 1.25 (0.73-2.15) 1.24 (0.72-2.13) 

Unspecific CHD (n = 365) 17 1.49 (0.93-2.40) 1.50 (0.92-2.46) 

Abbreviations: CHD: congenital heart disease, HR: hazard ratio, CI: confidence interval  

* Model 1: Women and men are classified as infertile when diagnosed with infertility regardless of the indication   

† Adjustment for birth period, maternal socioeconomic status and maternal age at birth  
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