
IMPORTANCIA El uso de tecnologías de reproducción asistida (TRA) aumenta constantemente 
en todo el mundo. Los resultados asociados al tratamiento para la salud a largo plazo de un 
individuo, incluido el riesgo de enfermedad cardiovascular (ECV), siguen siendo en gran medida 
desconocidos, debido al escaso número de estudios y a su limitado tiempo de seguimiento. 

OBJETIVO Estudiar si el riesgo de ECV aumenta entre las personas que han dado a luz después 
de una terapia antirretroviral en comparación con las que lo han hecho sin ella. 

DISEÑO, ENTORNO Y PARTICIPANTES Se realizó un estudio de cohortes basado en registros 
utilizando datos a nivel nacional de Dinamarca (1994-2014), Finlandia (1990-2014), Noruega 
(1984-2015) y Suecia (1985-2015). El análisis de los datos se llevó a cabo entre enero y agosto de 
2022. Se incluyeron un total de 2 496 441 individuos con un parto registrado en los registros 
nacionales de nacimiento durante el período de estudio, y 97 474 (4%) de ellos dieron a luz 
después de la ART.

EXPOSICIONES Los datos sobre la concepción por TRA procedían de registros de calidad de 
TRA y/o registros médicos de nacimientos. 

PRINCIPALES RESULTADOS Y MEDIDAS  La información sobre ECV se obtuvo de los registros 
de pacientes y de causas de muerte. El riesgo de ECV se estimó mediante regresión de riesgos 
proporcionales de Cox, ajustando por edad, año natural de inicio del seguimiento, paridad, 
diagnóstico de síndrome de ovario poliquístico, diabetes, hipertensión crónica y país. 

RESULTADOS La mediana de seguimiento fue de 11 (IQR, 5-18) años. La edad media (DE) de 
las mujeres que no utilizaron TAR fue de 29,1 (4,9) años, y la de las que sí lo hicieron fue de 33,8 
(4,7) años. La tasa de ECV fue de 153 por 100.000 personas-año. Las personas que dieron a luz 
después de utilizar TAR no presentaron un mayor riesgo de ECV (cociente de riesgos ajustado 
[CRI], 0,97; IC 95%, 0,91-1,02), con evidencia de heterogeneidad entre los países (I2 =76%; P = 
0,01 para heterogeneidad). No se observaron diferencias significativas en el riesgo de 
cardiopatía isquémica, enfermedad cerebrovascular, ictus, cardiomiopatía, insuficiencia 
cardiaca, embolia pulmonar o trombosis venosa profunda con el uso del TAR. Sin embargo, se 
observó una tendencia a una modesta reducción del riesgo de infarto de miocardio (RHA, 0,80; 
IC 95%, 0,65-0,99), sin heterogeneidad notable entre países. 

CONCLUSIONES Y RELEVANCIA  Los resultados de este estudio sugieren que las mujeres que 
dieron a luz después de una TRA no presentaron un mayor riesgo de ECV durante una mediana 
de seguimiento de 11 años en comparación con las que concibieron sin TRA. Se necesitan 
estudios a más largo plazo para examinar si las TRA se asocian a un mayor riesgo de ECV. 
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T he use of assisted reproductive technologies (ARTs) is
steadily increasing.1,2 There are several potential ex-
planations for how use of ARTs could increase cardio-

vascular disease (CVD). Assisted reproductive technology it-
self might increase the risk of CVD, for example, through
ovarian hyperstimulation contributing to a prothrombotic state
and endothelial injury.3-5 Individuals undergoing ART may also
have accelerated biological aging, as measured by DNA meth-
ylation levels, which might influence their risk of chronic
diseases.6 Conditions known to contribute to infertility, and
therefore the use of ART, such as polycystic ovary syndrome
and endometriosis, are also linked to a higher risk of CVD.7,8

In addition, any increased risk of CVD among individuals who
have used ART may be explained by other confounding mecha-
nisms or reverse causality (ie, preexisting undiagnosed CVD
influencing infertility).

A meta-analysis summarized the current evidence on risk
of CVD in individuals who delivered after using ART.9 The au-
thors identified 6 observational studies that included 41 910
parous women who had used ART and 1 400 202 who had not
and concluded that there was weak statistical evidence of a
higher risk of cerebrovascular disease among individuals who
had used ART (combined hazard ratio [HR], 1.25; 95% CI, 0.96-
1.63) and no evidence of a higher risk of ischemic heart dis-
ease (combined HR, 0.91; 95% CI, 0.67-1.25).9 The authors
stated that the small number of events (the exact number of
events was not reported), the heterogeneity between the stud-
ies, and the short follow-up time did not permit any firm
conclusions.

The aim of the current study was to assess the association
between use of ART and risk of CVD among parous women. In
comparison with the meta-analysis,9 by using a large Nordic
registry linkage study, we have a considerably larger number of
participants (total N = 2 496 441, with 97 474 having used ART),
and were able to adjust for preexisting CVD risk factors.

Methods
Committee of Nordic ART and Safety
This study included all individuals in a Nordic registry link-
age as part of the Committee of Nordic ART and Safety
Collaboration.10 The linkage includes data on all deliveries reg-
istered in the medical birth registries in Denmark from 1994
to 2014, Finland from 1990 to 2014, Norway from 1984 to 2015,
and Sweden from 1985 to 2015, depending on when the coun-
tries started registration of ART treatment (total 4 149 279 par-
ous women). Follow-up information on hospital contact and
death from CVD among these individuals was available through
national patient and cause of death registries. The start of
follow-up in the patient registries was January 1, 1987, for Swe-
den and Finland; January 1, 1994, for Denmark; and January
1, 2008, for Norway. We followed up individuals from 2 years
after their first registered delivery after the start of the na-
tional patient registry. We defined the index delivery as the first
delivery after the start of follow-up. The end of follow-up was
December 31, 2015, for Norway and Sweden, and December 31,
2014, for Denmark and Finland. This study was approved by

regional ethical committees in Norway and Sweden. In
Denmark and Finland, ethical approval is not required for medi-
cal research solely based on registry data. This study is re-
ported according to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline.

Assisted Reproductive Technologies
We defined each registered delivery as conceived with or with-
out the use of ART based on information provided in the na-
tional birth registries for Norway and Finland and in national
ART registries for Denmark and Sweden.10 We were not able
to identify whether a delivery was the result of non-ART medi-
cally assisted reproduction, such as intrauterine insemina-
tion or individuals only using medications for ovulation in-
duction. The main exposure was any delivery after using ART,
and individuals were classified as exposed from the time of
their first delivery from use of ART (yes vs no). Secondary ex-
posures included fertilization method (in vitro fertilization
[IVF] with or without intracytoplasmic sperm injection [ICSI]),
or the use of fresh vs frozen embryo transfer, compared with
individuals who had not used ART. These terms related to ART
are further defined in eTable 1 in Supplement 1.

Cardiovascular Disease
The main outcome was CVD defined as any registration of is-
chemic heart disease (including myocardial infarction), cere-
brovascular disease (including stroke), cardiomyopathy, heart
failure, pulmonary embolism, and deep vein thrombosis. We
also evaluated each of these subcategories of CVD separately.
Diagnoses in the patient and cause of death registries are coded
according to the International Classification of Diseases, 8th
Revision (ICD-8), International Classification of Diseases, 9th
Revision (ICD-9), and International Statistical Classification of
Diseases and Related Health Problems, 10th Revision (ICD-10).
The ICD codes used to define CVD are available in eTable 2 in
Supplement 1. In Denmark, diagnoses recorded on outpa-
tient visits in specialized health care units have been in-
cluded since 1995 in public hospitals and since 2003 in pri-
vate clinics. In Finland, outpatient visits in specialized health

Key Points
Question Is use of assisted reproductive technologies (ART)
associated with increased risk of cardiovascular disease (CVD)
among parous individuals?

Findings In this cohort study, among 2 496 441 parous individuals
in Denmark, Finland, Norway, and Sweden, those who gave birth
after ART were not at increased risk of later CVD compared with
individuals who conceived without ART when adjusting for other
CVD risk factors. No significant differences in the risk of ischemic
heart disease, cerebrovascular disease, stroke, cardiomyopathy,
heart failure, pulmonary embolism, or deep vein thrombosis were
noted.

Meaning Most individuals who have used ART are still young, and
this study found no association between use of ART and a higher
risk of CVD; studies with longer follow-up are needed.
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care units in public hospitals have been included since 1998.
Outpatient visits in specialized health care units in both pub-
lic hospitals and private clinics have been included since 2008
in Norway and since 2001 in Sweden.

Covariates
Potential confounders included background characteristics that
could be associated with both the likelihood of using ART and
the risk of CVD. From the delivery record of the index deliv-
ery, information on maternal age (continuous), parity (num-
ber of deliveries before the start of follow-up: 0, 1, 2, and ≥3),
chronic hypertension present before delivery (yes vs no),
prepregnancy or first trimester body mass index (under-
weight [<18.5], normal weight [18.5-24.9], overweight [25.0-
29.9], and obese [≥30.0], calculated as weight in kilograms
divided by meters squared), and tobacco use (yes vs no) was
available from the birth registries. We had information on to-
bacco use/body mass index only for a subgroup of partici-
pants, as this information was introduced at varying time points
in the birth registries (1994/2004 Denmark, 1990/2004 Fin-
land, 1982/1982 Sweden, and 1999/2007 Norway). Highest
achieved educational level (primary/secondary, short tertiary/
bachelor, long tertiary/master, or higher) was available from
national education databases in Denmark, Finland and Swe-
den, but not from Norway. Information on diabetes (yes vs no;
ICD-8 and ICD-9 code 250, and ICD-10 codes E10-14) and poly-
cystic ovary syndrome (yes vs no; ICD-8 code 256.9, ICD-9 code
2654, and ICD-10 code E28.2) at the start of follow-up was ob-
tained from the national patient registries. We also evaluated
multiple gestation and pregnancy complications obtained from
the birth records as potential mediators, including preterm birth
(birth <37 completed weeks; yes vs no), hypertensive disor-
ders of pregnancy (yes vs no), stillbirth (yes vs no) and small
for gestational age (birthweight <22% of expected mean; yes
vs no). Hypertensive disorders in pregnancy were registered
in the Danish and Finnish national patient registries and the
Norwegian, Finnish, and Swedish medical birth registries
according to national adaptations of the International Statis-
tical Classifications of Diseases and Related Health Problems.11

The definition of small for gestational-age was based on Marsál
equations,12 where 22% below the mean has been the clini-
cally used in the Nordic countries for a large part of the study
period.13 This corresponds approximately to the 2.3 percen-
tile of a intrauterine growth standard. Marsál et al estimated
expected birthweight according to gestational age from intra-
uterine (ultrasonography) measurements of ongoing, presum-
ably healthy pregnancies in Sweden and Denmark.

Statistical Analysis
Data analysis was conducted from January to August 2022. We
used Cox proportional hazards regression to estimate the asso-
ciation between delivery after ART and risk of CVD. Individu-
als who delivered were the unit of analysis, and they could con-
tribute both unexposed and exposed follow-up time, where
individuals were considered exposed from their first delivery
after using ART. We analyzed data from all countries com-
bined, and subsequently conducted separate analyses for each
country. The start of follow-up for each woman in the analysis

was 2 years after their first delivery. Women were followed up
until the first registration of a CVD diagnosis, emigration (not
available for Finland), death from other causes, or the end of
follow-up. The main multivariable model adjusted for con-
founders, including age, parity, diabetes, chronic hyperten-
sion, polycystic ovary syndrome, calendar year of start of follow-
up, and country. A separate multivariable model evaluated the
role of multiple gestation and pregnancy complications (pre-
term birth, hypertensive disorders of pregnancy, small for ges-
tational age, and stillbirth) as potential mediators of the asso-
ciation between delivery by ART and CVD risk, which were
entered as time-varying covariates. The assumption of pro-
portional hazards was assessed by visually inspecting the
Schoenfeld residuals. We assessed differences in the estimates
between the countries using the I2 heterogeneity test.

We explored 2 separate sensitivity analyses in which we
evaluated the adjustment for additional covariates only avail-
able for subsamples of the study population. First, we ad-
justed for tobacco use and body mass index measured at in-
dex delivery for the 50% of the study population across the 4
countries for whom this information was available. Second, we
explored additional adjustment for educational level among
the 93% of the total study population from Denmark, Fin-
land, and Sweden with this information available.

We conducted additional sensitivity analyses to evaluate
the robustness of our findings. We excluded pulmonary em-
bolism and deep vein thrombosis from the outcome defini-
tion. We conducted an analysis also including women who were
parous at the start of follow-up. We conducted a stratified
analysis by year at start of follow-up, categorized as 1988-
1997, 1998-2007, and 2008-2017. This stratified analysis was
conducted to evaluate the potential role of changes in ART pro-
cedures over the long follow-up period.

Secondary exposures included fertilization method (IVF
with or without ICSI) and the use of fresh vs frozen embryo trans-
fer, compared with individuals who had not used ART. If simi-
lar associations would be observed for use of IVF with and with-
out ICSI, compared with individuals who did not use ART, then
this may strengthen the hypothesis that the association re-
flects a role of the procedure and not underlying fertility in the
individual, as ICSI is primarily used for male fertility problems
in the Nordic countries.2 Previous studies indicate some differ-
ence in the risk of hypertensive disorders of pregnancy accord-
ing to fresh vs frozen embryo transfer, and that fresh embryo
results in increased risk of small for gestational age, whereas fro-
zen embryo increases risk of large for gestational age,14 which
highlights the importance of clarifying whether there might also
be a differential risk of CVD later in life.

All analyses were conducted using Stata version 16 (Stata-
Corp LLC). The significance threshold was 5% with 2-sided
unpaired testing.

Results
We excluded women who had given birth before the national
patient registries started, those who had died or emigrated
before the start of follow-up, and women with preexisting CVD
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(Figure 1). The study population therefore consisted of
2 496 441 nulliparous women at the start of follow-up with-
out preexisting CVD, of whom 97 474 (4%) gave birth after ART
by the end of follow-up. Individuals who gave birth after ART
were older, had a lower parity, and were less likely to use to-
bacco compared with those who gave birth without ART
(Table). The median follow-up time for all individuals was 11
(IQR, 5-18) years. Background characteristics were largely simi-
lar across the 4 countries (eTable 3 in Supplement 1).

The rate of any CVD during follow-up was 153 per 100 000
person-years. We observed no significant difference in the risk
of any CVD across the Nordic countries between individuals
who delivered after using ART compared with those who de-
livered without use of ART (incidence rates, 188 vs 152 per
100 000 person-years), with an adjusted HR (AHR) of 0.97 (95%

Figure 1. Illustration of Study Population

4 160 224 Individuals giving birth 
during the follow-up period
752 543 Denmark
767 559 Finland
952 646 Norway

1 687 476 Sweden

2 672 358 Individuals with first birth 
before the start of the 
national patient registry

  574 054 Denmark
605 753 Finland

  203 245 Norway
  1 289 306 Sweden

2 510 790 Individuals who were alive 
and residing in the country 
at the start of the 
follow-up period

  537 900 Denmark
 576 916 Finland
 171 529 Norway

  1 224 445 Sweden

2 496 441  Individuals without 
preexisting cardiovascular 
disease at the start of the 
follow-up period
533 111 Denmark

  572 726 Finland
  170 478 Norway

1 220 126 Sweden

1 487 866 Individuals with a birth before 
the start of the national patient registry

  178 489 Denmark
  161 806 Finland
749 401 Norway
398 170 Sweden

161 568 Individuals who died or emigrated 
before the start of the follow-up period

  36 154 Denmark
  28 837 Finland
  31 716 Norway
  64 861 Sweden

14 349  Individuals with prevalent cardiovascular 
disease at the start of the follow-up period

  4789 Denmark
  4190 Finland
  1051 Norway
4319 Sweden

Table. Background Characteristics According to Use of ART

Background characteristic

No. (%)
No use of ART
(n = 2 398 967)

Use of ART
(n = 97 474)

Age at start of follow-up,
mean (SD), y

29.1 (4.9) 33.8 (4.7)

Parity at end of follow-up

1 655 872 (27.3) 43 886 (45.0)

2 1 210 734 (50.5) 41 983 (43.1)

3 409 612 (17.1) 9561 (9.8)

≥4 122 749 (5.1) 2044 (2.1)

Prepregnancy BMI

Underweight (<18.5) 60 671 (2.5) 1755 (1.8)

Normal weight (18.5-24.9) 993 625 (41.4) 42 607 (43.7)

Overweight (25.0-29.9) 312 050 (13.0) 15 330 (15.7)

Obesity (≥30.0) 138 931 (5.8) 6119 (6.3)

Missing 893 690 (37.3) 31 663 (32.5)

Tobacco use at start of follow-up

No 1 939 475 (80.8) 85 845 (88.1)

Yes 331 914 (13.8) 6168 (6.3)

Missing 125 578 (5.2) 5461 (5.6)

Diabetes at start of follow-up

No 2 385 563 (99.4) 96 758 (99.3)

Yes 13 404 (0.6) 716 (0.7)

Chronic hypertension at start
of follow-up

No 2 379 080 (99.2) 96 320 (98.8)

Yes 19.887 (0.8) 1154 (1.2)

PCOS

No 2 384 890 (99.4) 93 606 (96.0)

Yes 14 077 (0.6) 3868 (4.0)

Highest obtained educational level

Primary/secondary 1 129 385 (47.1) 38 073 (39.1)

Short tertiary/bachelor 652 067 (27.2) 29 857 (30.6)

Long tertiary/master or higher 321 367 (13.4) 18 254 (18.7)

Missing 296 148 (12.3) 11 290 (11.6)

Any preterm birth by end
of follow-up

No 2 168 179 (90.4) 80 156 (82.2)

Yes 230 788 (9.6) 17 318 (17.8)

Any small gestational age delivery
by end of follow-up

No 2 234 204 (93.1) 88 600 (90.9)

Yes 164 763 (6.9) 8.874 (9.1)

Any stillbirth by end of follow-up

No 2 382 159 (99.3) 96 421 (98.9)

Yes 16 808 (0.7) 1053 (1.1)

Any history of pregnancy
complicated by hypertensive
disorders of pregnancy by end
of follow-up

No 2 207 323 (92.0) 87 435 (89.7)

Yes 191 644 (8.0) 10 039 (10.3)

Any multiple gestation by end
of follow-up

No 2 337 477 (97.4) 80 247 (82.3)

Yes 61 490 (2.6) 17 227 (17.7)

Abbreviations: ART, assisted reproductive technology; BMI, body mass index
(calculated as weight in kilograms divided by height in meters squared);
PCOS, polycystic ovary syndrome.
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CI, 0.91-1.02) (Figure 2; eTable 4 in Supplement 1). There was,
however, evidence of heterogeneity between countries
(I2 = 76%; P = .01 for heterogeneity), with an AHR of 0.74 for
Norway, 0.84 for Sweden, 0.98 for Denmark, and 1.09 for Fin-
land (Figure 2; eTable 4 in Supplement 1). Adjustment for mul-
tiple gestation and pregnancy complications did not change
our findings (eTable 4 in Supplement 1).

When examining subgroups of CVD, we observed no sig-
nificant difference between women who delivered with and
without using ART in the risk of ischemic heart disease, cere-
brovascular disease, stroke, cardiomyopathy, heart failure, pul-
monary embolism, or deep vein thrombosis (Figure 3; eTable 5
in Supplement 1). However, there was a lower risk of myocar-
dial infarction (incidence rates, 14 vs 12 per 100 000; com-
bined HR, 0.80; 95% CI, 0.65-0.99) among individuals who had
used ART (Figure 3; eTable 5 in Supplement 1). Adjustment for
multiple gestation and pregnancy complications did not change
our findings (eTable 5 in Supplement 1). There was between-
country heterogeneity in the association with deep vein throm-
bosis only (I2 = 71%; P = .02 for heterogeneity). When we fur-
ther explored the source of heterogeneity in the estimates
between countries, by excluding each country in turn, we found
that Finland was the main source of this (eTable 6 in Supple-
ment 1).

Information on tobacco use and body mass index was avail-
able for 50% of individuals across the 4 countries. Additional
adjustment for these 2 covariates did not change the esti-
mated association between use of ART and any CVD (eTable 7
in Supplement 1); the HR adjusted for the other covariates in
this subsample was 1.00 (95% CI, 0.92-1.09) compared with
1.03 (95% CI, 0.95-1.12) after further adjustment for tobacco
use and body mass index. The same was the case for the sub-
groups of CVD. Information on educational level was avail-
able for 93% of the study population from Denmark, Finland,
and Sweden. Additional adjustment for educational level
(eTable 8 in Supplement 1) also did not alter the results.

Excluding pulmonary embolism and deep vein thrombo-
sis from the definition of any CVD yielded similar results
(eTable 9 in Supplement 1). We observed no increased risk of
CVD among women who had delivered after using ART when
including women who had 1 or more deliveries before the start
of follow-up in the analysis (eTable 10 in Supplement 1). When

we stratified by year of start of follow-up, there was no in-
creased risk of CVD among individuals who had delivered using
ART in any of the groups (eTable 11 in Supplement 1).

When estimating the risk of CVD according to ART fertil-
ization method, we observed a lower risk for any CVD among
individuals who had used ICSI, as compared with women who
had not used ART (Figure 4). A lower risk among individuals
who had used ICSI was also observed for the other outcomes,
although the CIs were wide and included the null value
(Figure 4). We observed weak evidence that frozen, but not
fresh, embryo transfers were associated with an increased risk
of stroke (HR, 1.59 [95% CI, 1.11-2.26] for frozen embryo trans-
fer and 0.91 [95% CI, 0.80-1.05] for fresh embryo transfer) with
nonoverlapping CIs (Figure 4). The association between fro-
zen embryo transfer and risk of stroke persisted after further
adjustment for pregnancy complications (AHR, 1.58 [95% CI,
1.10-1.04]).

Discussion
In this Nordic registry-based study, women who had deliv-
ered after ART had no increased risk of CVD. We observed dif-
ferences according to ART methods, with an increased risk of
stroke among individuals who had used frozen but not fresh
embryo transfer, and a decreased risk of most of the CVD sub-
types among women who had used ICSI but not among those
who had used IVF without ICSI. The results for the different
ART methods were imprecise, and larger studies with longer
follow-up are needed. Potential explanations for heteroge-
neity in the estimates between countries include differences
in our ability to capture CVD across the countries (particu-
larly outpatient diagnoses) and variation in the predominant
ART methods used (no information on ART method was avail-
able for Finland to compare with the other countries).

Our results for any ART contrast with the findings from the
meta-analysis9 suggesting a higher risk of cerebrovascular
disease among individuals who used ART. Notably, in line
with what was observed in the meta-analysis, we noted an el-
evated risk of stroke among individuals who had used frozen
embryo transfer. This might reflect an increased risk of hyper-
tensive disorders of pregnancy,14 since preeclampsia is

Figure 2. Risk of Any Cardiovascular Disease According to Conception by Assisted Reproductive Technologies (ARTs)

0.6 1.2 1.41.0
HR (95% CI)

0.8

Favors
exposure

Favors
no exposure

Events/person-years
Unexposed
to ART

Exposed
to ARTCountry HR (95% CI)

42 685/28 047 283 1303/691 679Combined 0.97 (0.91-1.02)
13 518/5 014 338 591/193 761Denmark 0.98 (0.90-1.06)
14 348/6 607 191 426/157 125Finland 1.09 (0.99-1.20)
676/544 702 28/2456Norway 0.74 (0.50-1.09)
14 143/15 881 052 258/316 231Sweden 0.84 (0.74-0.95)

Any cardiovascular diseases is defined as ischemic heart disease,
cerebrovascular disease, cardiomyopathy, heart failure, pulmonary embolism,
and deep vein thrombosis. Adjusted for age and parity, chronic hypertension,

diabetes, polycystic ovary syndrome, and calendar year of start of follow-up, in
addition to country in the combined model. HR indicates hazard ratio.
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associated with future risk of stroke.15 A higher risk of hyper-
tensive disorders in pregnancy after frozen embryo transfer
cycles may partly reflect an absence of corpus luteum in pro-
grammed cycles,16,17 although only 15% to 30% of frozen em-
bryo transfer cycles were programmed in the Nordic coun-
tries during the study period.18,19 Our findings were similar after

additional adjustment for pregnancy complications. Other
potential explanations include a role of embryo selection,20 in
addition to epigenetic changes associated with freezing or
thawing,21-23 which may influence trophoblast invasion and
placentation.24 However, a higher risk of CVD among indi-
viduals who have used frozen embryo transfer can also reflect

Figure 3. Risk of Subgroups of Cardiovascular Disease According to Conception by Assisted Reproductive Technologies (ARTs)

0.2 1.81.41.0
HR (95% CI)

0.6

Favors
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Favors
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Events/person-years
Unexposed
to ART

Exposed
to ARTCountry HR (95% CI)

10 019/28 230 865 370/695 886Combined 0.90 (0.81-1.01)
Ischemic heart disease

3985/5 062 995 221/195 374Denmark 1.02 (0.88-1.17)
25/6 699 191 76/158 718Finland 0.88 (0.70-1.12)
80/545 963 <5/24 612Norway 0.44 (0.15-1.29)
3454 / 15 952 715 69/317 182Sweden 0.79 (0.62-1.01)

3412/28 263 749 97/697 249Combined 0.80 (0.65-0.99)
Myocardial infarction

807/5 077 871 41/196 233Denmark 0.93 (0.67-1.29)
647/6 677 773 21/158 987Finland 0.92 (0.59-1.44)
27/546 073 <5/24 617Norway 0.33 (0.04-2.71)
1931/15 962 032 34/317 412Sweden 0.71 (0.50-1.00)

1285/28 210 371 387/695 806Combined 0.97 (0.87-1.07)
Cerebrovascular disease

3792/5 062 184 175/195 529Denmark 1.03 (0.88-1.20)
3907/6 661 938 119/158 554Finland 1.07 (0.89-1.29)
132/545 816 7/246Norway 0.89 (0.41-1.95)
5019/15 940 433 86/317 123Sweden 0.80 (0.64-0.99)

9892/28 225 884 298/696 191Combined 0.97 (0.86-1.09)
Stroke

2956/5 066 364 137/195 698Denmark 1.04 (0.87-1.24)
2807/6 666 835 85/158 706Finland 1.06 (0.85-1.33)
85/54 595 5/24 605Norway 1.00 (0.39-2.52)
4044/15 946 736 71/317 183Sweden 0.81 (0.64-1.03)

1 718/28 370 320 43/697 407Combined 0.83 (0.61-1.13)
Cardiomyopathy

294/5 079 861 10/196 351Denmark 0.80 (0.42-1.52)
671/6 676 919 16/15 899Finland 0.83 (0.50-1.37)
55/546 022 <5/24 613Norway 1.07 (0.37-3.10)
698/15 967 519 13/317 453Sweden 0.80 (0.46-1.41)

2 559/28 267 472 65/697 408Combined 0.76 (0.59-0.97)
Heart failure

567/5 078 894 23/196 314Denmark 0.81 (0.53-1.24)
636/6 677 308 14/159 039Finland 0.61 (0.36-1.05)
40/546 041 <5/24 615Norway 1.19 (0.35-4.01)
1316/15 965 229 25/31 744Sweden 0.80 (0.53-1.20)

5 976/28 247 138 142/697 016Combined 0.93 (0.78-1.10)
Pulmonary embolism

1488/5 074 300 51/19 623Denmark 0.95 (0.71-1.27)
1577/6 672 458 48/158 864Finland 1.24 (0.92-1.67)
124/545 841 <5/2461Norway 0.81 (0.29-2.68)
2787/15 954 539 39/31 731Sweden 0.72 (0.52-0.99)

13 908/28 196 929 396/695 849Combined 1.02 (0.92-1.13)
Deep vein thrombosis

458/5 058 290 150/195 838Denmark 0.86 (0.73-1.01)
6436/6 643 747 185/158 189Finland 1.20 (1.03-1.40)
280/545 537 9/24 599Norway 0.68 (0.35-1.34)
2612/15 949 356 52/317 223Sweden 1.10 (0.83-1.46)

Adjusted for age and parity, chronic hypertension, diabetes, polycystic ovary syndrome, and calendar year of start of follow-up, in addition to country in the
combined model. HR indicates hazard ratio.
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Figure 4. Risk of Cardiovascular Disease According to Methods of Conception
by Assisted Reproductive Technologies (ARTs)
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13/60 039Pulmonary embolism 1.06 (0.61-1.83)
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Risk shown for in vitro fertilization
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injection (ICSI) (B), fresh embryos (C),
and frozen embryos (D). Adjusted for
age and parity, chronic hypertension,
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and calendar year of start of
follow-up, in addition to country in
the combined model. CVD indicates
cardiovascular disease;
HR, hazard ratio.
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a greater severity of the couple’s fertility problems, as they have
usually had an unsuccessful fresh embryo transfer attempt be-
fore proceeding to frozen embryo transfer. However, frozen
embryo transfer requires that multiple eggs have been har-
vested and successfully fertilized, which might reflect a higher
fertility among this subgroup.

We further observed a decreased risk of most CVD sub-
types among women who had used ICSI. A priori, we had hy-
pothesized that if we observed any increased risk only among
those who used IVF without ICSI, this was more likely to re-
flect a role of confounding by underlying female fertility prob-
lems, as ICSI is most often use in relation to male fertility prob-
lems in the Nordic countries.2 If we had observed an increased
risk of a similar magnitude for IVF with and without ICSI, this
would have supported the hypothesis that there was some-
thing related to the ART procedure itself. We observed nei-
ther of these scenarios. We speculate that women who used
IVF with ICSI did not have fertility problems themselves, as
this reflects largely fertility problems among their partners, they
might be reproductively healthier, which again might be
reflected in their decreased risk of CVD.

Strengths and Limitations
Strengths of our study include the population-based design,
the large sample, inclusion of 4 Nordic countries, the evalua-
tion of CVD subgroups, and the comparison of ART methods.
The universal health care service in the Nordic countries also
ensures a comprehensive capture of both the use of ART and
CVD. Our study also has limitations. Individuals who gave birth
after ART are still young (median age at the end of follow-up,
41; IQR, 35-47 years), and we could therefore only study CVD
risk up to middle age. We relied on the patient and cause of
death registries for capturing CVD events, and validation stud-
ies indicate high accuracy in the registrations of relevant ICD
codes when compared with medical records.25-27 We only cap-
tured deliveries after ART, and could not examine the risk of

CVD among women who had only undergone ART and
remained nulliparous. Notably, among those attempting ART,
the proportion of couples who eventually succeed is approxi-
mately 2 of 3.28,29 We only had educational level as a measure
of socioeconomic status, and no information on other mea-
sures, such as income, employment, or other markers. This
could have resulted in residual confounding by socioeco-
nomic status. We had no information on number and time for
unsuccessful ART, and exposure status and time may have been
misclassified, likely biasing the results toward the null. We only
had information on tobacco use and body mass index for a sub-
group of participants. However, additional adjustment for the
subgroup with this information available did not change the
results. We did not have a sufficient number of events to evalu-
ate CVD risk according to the number of ART deliveries to ex-
plore a potential dose-response relationship. Unfortunately,
we could not reliably separate gestational diabetes from
prepregnancy diabetes due to different registration practices
between the study countries and over time. We also cannot ex-
clude a role of multiple comparisons, as we evaluated several
CVD subtypes. Future studies with longer follow-up time and
more CVD events should therefore evaluate whether the risk
of CVD might vary according to the number of deliveries after
ART.

Conclusions
The findings of this cohort study suggest that women who gave
birth after ART were not at increased risk of CVD over a me-
dian follow-up of 11 years compared with those who con-
ceived without ART. These findings may be reassuring to the
increasing number of individuals who require assistance from
ART to conceive. Future studies with longer follow-up may be
useful to reexamine differences in the risk of CVD according
to ART methods.
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