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ABSTRACT
BACKGROUND The longer term cardiovascular effects of fertility therapy are unknown.
OBJECTIVES The aim of this study was to summarize data linking fertility therapy with subsequent cardiovascular
outcomes.
METHODS We systematically searched published reports for studies addressing the question “does fertility therapy
increase the risk of longer term cardiovascular outcomes?” We included: 1) human studies; 2) case control, cohort, or
randomized designs with 3) exposure to fertility therapy and 4) cardiovascular outcomes clearly reported; 5) presence of
comparison group; 6) minimum 1-year follow-up; and 7) adjustment for age. Two independent reviewers screened
abstracts, titles, and full texts, and assessed study quality. We used the DerSimonian and Laird random-effects models to
pool hazard ratios (HRs) with 95% conﬁdence intervals (CIs) of the following outcomes: acute cardiac event; stroke;
venous thromboembolism; hypertension; and diabetes mellitus, comparing women who received fertility therapy with
those who did not.
RESULTS Six observational studies met inclusion criteria including 41,910 women who received fertility therapy and
1,400,202 women who did not. There was no increased risk of a cardiac event (pooled HR: 0.91; 95% CI: 0.67 to 1.25;
I2 ¼ 36.6%), or diabetes mellitus (pooled HR: 0.93; 95% CI: 0.87 to 1.001; I2 ¼ 0%). Results were not pooled for
hypertension (I2 ¼ 95.0%) and venous thromboembolism (I2 ¼ 82.3%). There was a trend toward higher risk of stroke
(pooled HR: 1.25; 95% CI: 0.96 to 1.63; I2 ¼ 0%).
CONCLUSIONS The small number of studies and signiﬁcant heterogeneity precludes deﬁnitive reassurance about
the longer term cardiovascular safety of these treatments, particularly stroke. Future studies are needed to address
ongoing knowledge gaps in this area. (J Am Coll Cardiol 2017;70:1203–13) © 2017 by the American College of
Cardiology Foundation.
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ABBREVIATIONS

C

ardiovascular disease (CVD) is a

marker or mediator of increased risk. Repeated cycles

leading cause of death in the United

of ovarian hyperstimulation and associated hyper-

States (1) and Canada (2), and

estrogenemia contribute to a prothrombotic state (23)

experience

cardiovascular

and may also cause endothelial injury by affecting the

Randomized Studies of

(CV) outcomes than similar-aged men (3,4).

renin-angiotensin system (24,25). Furthermore, the

Interventions

Sex-speciﬁc risk factors for CVD are increas-

CV stress of pregnancy at advanced maternal age

CI = conﬁdence interval

ingly recognized, which may explain the

might itself contribute to CVD (26). However, despite

CV = cardiovascular

observed disparity in CVD outcomes and

the steady rise in its use over the past 3 decades, the

CVD = cardiovascular disease

the rising incidence among young women

long-term CV health effects to women exposed to

DVT = deep vein thrombosis

(5). For example, ischemic placental syn-

fertility therapy have only recently been studied, and

HR = hazard ratio

dromes that occur during pregnancy, such

there is uncertainty about the nature of this relation-

as pre-eclampsia (6,7), stillbirth (8), prema-

ship. A Swedish population-based study (27) revealed

ture delivery (9), and fetal growth restriction

higher rates of hypertension and a trend toward more

(10), have each been associated with an

incident strokes in infertile women who received

increased risk of premature CVD 10 to 15

fertility therapy compared with women who did not.

years following delivery. A proposed mecha-

Conversely, our population-based cohort in Ontario,

and Meta-Analyses

nism for disease may involve persistent

Canada, revealed no increased risk of CV outcomes

VTE = venous

endothelial dysfunction following the initial

resulting from fertility therapy (28).

thromboembolism

vascular injury in pregnancy (11), or may

Given the increased use of fertility therapy among

indicate that pregnancy complications are a marker

women in the developed world and conﬂicting evi-

for pre-existing CV risk (12).

dence regarding its impact on CVD, our aim was to

AND ACRONYMS
ACROBAT-NRSI = A Cochrane
Risk of Bias Tool: for Non-

women

IUI = intrauterine insemination
IVF = in vitro fertilization
PE = pulmonary embolism
PRISMA = Preferred Reporting
Items for Systematic Reviews

worse

SEE PAGE 1214

systematically review and summarize existing data
regarding an etiologic association between fertility

The use of fertility therapies to achieve pregnancy

therapy and relevant CV risk factors and outcomes, as

in infertile couples is rising in Western countries (13).

well as to highlight ongoing knowledge gaps in this

Such therapy includes in vitro fertilization (IVF) and

area.

intrauterine insemination (IUI), often performed
following high-dose hormonal stimulation protocols

METHODS

(14). IVF and IUI together account for 1% to 4% of
pregnancies (15,16). Approximately 20% to 30% of all

We followed the Preferred Reporting Items for

IVF cycles result in a live birth (17), indicating that

Systematic Reviews and Meta-Analyses (PRISMA) (29)

many women are exposed, yet do not achieve viable

and

pregnancy. Although fertility therapy represents a

Epidemiology (30) guidelines for reporting of sys-

safe and feasible option for many couples with

tematic reviews and meta-analyses of observational

infertility, these treatments may confer unintended

studies. The study was conducted following an a

health risks to women. For example, recent observa-

priori protocol (Online Appendix 1).

Meta-Analysis

SOURCES

of

AND

Observational

SEARCH

Studies

in

tional data indicate double the risk of severe maternal

DATA

morbidity (13,18,19) in fertility-treated pregnancy

health science librarian, conducted the search. The

STRATEGY. T.L.,

when compared with naturally conceived pregnancy.

following databases were searched without language

Adverse outcomes may be even more pronounced

restriction for relevant studies: MEDLINE (via Ovid

among women with a lower reserve, including those

1946 to April 5, 2016; via PubMed 1946 to April 5, 2016);

with pre-existing excess CV risk (20) or frank CVD

Embase Classic þ Embase (via OvidSP 1947 to April 5,

(21). What happens years after pregnancy is less well

2016); BIOSIS Previews (via OvidSP 1969 to 2016, week

studied.

18); POPLINE; CINAHLPlus with Full Text (via EBSCO,

Subfertility itself has been associated with meta-

1937 to April 5, 2016); The Cochrane Central Register of

bolic syndrome and CVD in later life (22). We hypoth-

Controlled Trials (via The Cochrane Library, to issue

esize that fertility therapy might further predispose

3 of 12, March 2016); The Database of Abstracts of

women to downstream CVD outcomes, either as a

Reviews of Effects (via The Cochrane Library, to issue 2

College Hospital; Peter Munk Cardiac Centre, University Health Network; Department of Medicine and Heart and Stroke Richard
Lewar Centre of Excellence in Cardiovascular Research, University of Toronto. The authors have reported that they have no
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of 4, April 2015); the Cochrane Database of Systematic

a comparison group as women (with or without base-

Reviews (via The Cochrane Library, to issue 3 of 12,

line infertility) who did not receive fertility therapy,

March 2016); and LILACS (via Bireme). The search

regardless of whether they ever became pregnant.

strategy used text words and relevant indexing to

DESCRIPTION OF OUTCOMES. We considered inci-

query whether fertility therapy increases the risk of

dent CV risk factors (hypertension, diabetes mellitus)

CVD. The full MEDLINE strategy (Online Appendix 2)

as well as overt CV diseases (including “acute cardiac

was applied to all databases, with modiﬁcations to

events:” coronary ischemia, CV death, CV hospitali-

search terms as necessary.

zations, heart failure, and myocardial infarction; and

Further studies were identiﬁed in Web of Science

“other cardiovascular conditions:” cerebrovascular

and Scopus (August 11, 2016) by carrying out citation

ischemia, stroke, or transient ischemic attack, and

searches for studies citing included papers as well

venous thromboembolism [VTE] including pulmo-

as by examining their reference lists. Clinical Trials

nary embolism and deep vein thrombosis [DVT]).

registries were searched to identify relevant research

Given the heterogeneity of outcomes selected, they

in progress. The MEDLINE strategy was rerun before

were reported and summarized separately.

submission (January 4, 2017), but no further eligible
studies were identiﬁed.

DATA EXTRACTION. Data extraction was performed

for manuscripts meeting inclusion criteria by 2 inde-

STUDY SELECTION. Two independent reviewers (C.K.,

pendent authors (C.K. and N.D.) using clearly deﬁned

M.O.) screened titles and abstracts, and full-text papers

data extraction forms. Extracted data included study

for

with

design and setting, population, number with fertility

discussion or involvement of a third party (N.D.).

therapy, number of women without fertility therapy,

Pre-deﬁned inclusion criteria were: 1) human study;

type of fertility therapy or therapies evaluated, CV

2) case-control study, cohort study, or randomized

outcome(s) assessed, and effect measures used in

clinical trial; 3) exposure to fertility therapy clearly

analysis. We further extracted available data on par-

reported; 4) CV outcome reported (see deﬁnition pro-

ticipants from each study including age, parity, pres-

vided later in this paper); 5) presence of a comparison

ence of chronic health conditions before pregnancy/

group without fertility therapy; 6) follow-up of 1 year

fertility therapy, immediate complications resulting

reported post-fertility therapy for outcome ascertain-

from fertility therapy (e.g., ovarian hyperstimulation

ment; and 7) estimates adjusted at least for age.

syndrome), or any pregnancy complication (VTE, hy-

STUDY QUALITY. Risk of bias was assessed using

pertensive disorder of pregnancy, gestational diabetes

ACROBAT-NRSI (A Cochrane Risk of Bias Tool: for

mellitus, mode of delivery, delivery complication). We

Non-Randomized Studies of Interventions) (31), which

contacted the investigators if there was uncertainty

assesses the potential risk of bias in observational

about data or missing data, and any discrepancies

inclusion.

Disagreements

were

resolved

studies in 7 domains. Each domain and the overall risk

were accounted for in our ﬁnal report.

of bias for each study were rated as low risk, moderate

DATA ANALYSIS. Data were pooled across studies

risk, serious risk, critical risk, or as having insufﬁcient

using DerSimonian and Laird random-effects models

information. The scale was applied separately for

with Mantel-Haenszel weighting for each CV outcome

cohort and case-control studies by 2 independent

(cardiac event, stroke, VTE, hypertension, and diabetes

reviewers (C.K., N.D.). Studies that compared infertile

mellitus) when outcomes were reported by at least 2

women who received fertility therapy with other

studies. Results of the meta-analyses are presented as

infertile women who did not receive fertility therapy

pooled adjusted hazard ratios (HRs) with corresponding

were considered of the highest quality, as opposed to

95% conﬁdence intervals (CIs) comparing women who

studies using pregnant women who conceived natu-

received fertility therapy with women who did not

rally as the reference group. No study was excluded on

receive fertility therapy. We estimated the amount of

the basis of quality alone.

between-study heterogeneity that was present using the

DEFINITION OF FERTILITY THERAPY. Our exposure

I2 statistic. Meta-analysis was not performed in the

of interest was treatment with a pharmacological

presence of substantial heterogeneity (I2 > 80%). In our

fertility agent, such as a gonadotropin agonist or

primary analyses, all measures of relative effect were

antagonist (ovarian stimulation drugs), clomiphene

pooled; in sensitivity analyses, we restricted inclusion to

citrate, or letrozole (ovulation induction drugs). We

studies that reported HRs.

included

IVF-based

as

well

as

non–IVF-based

Several subgroup analyses (by study design, study

approaches (e.g., IUI, isolated ovulation induction) to

quality, number of treatments, duration since treat-

achieve pregnancy. Where possible, we planned to

ment, invasive treatment [IVF vs. non-IVF], or level

analyze studies assessing IVF speciﬁcally. We deﬁned

of adjustment on pooled estimates) and sensitivity
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F I G U R E 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses Flow Diagram

Identification

Records identified through
database searching
(n = 6,884)

Additional records identified
through other sources
(n = 340)

Screening

Records after duplicates removed
(n = 6,007)

Records excluded
(n = 5,945)

Eligibility

Records screened
(n = 6,007)

Full-text articles assessed
for eligibility
(n = 62)

Included

1206

Full-text articles excluded, with
reasons
(n = 56)
• Wrong Exposure (n = 5)
• Wrong Outcome (n = 33)
• Inappropriate/no Control (n = 11)
• Less than 1-yr follow up (n = 5)
• No adjustment for age (n = 1)
• Abstract report of published
manuscript (duplicate) (n=1)

Studies included in
qualitative & quantitative
synthesis
(n = 6)

ﬁll-and-trim

Characteristics of the included studies are pre-

method) were pre-speciﬁed. However, because of

sented in Table 1. All studies were published between

the limited number of studies included in our sys-

2013 and 2016. Studies included were population-

tematic review with heterogeneous outcomes, these

based retrospective cohort studies (n ¼ 2) (28,34),

analyses were not performed. Similarly, publication

secondary analysis of the longitudinal Nurses’ Health

bias was not formally assessed by funnel plot and

Study II cohort (n ¼ 1) (25), and a single nested case-

Egger’s test for small study effects, as all analyses

cohort study that resulted in 2 publications (n ¼ 2):

included fewer than 10 studies (32). All analyses were

1 reporting on hypertension and CVD (27) and another

conducted using R, version 3.2.2 (R Foundation for

reporting VTE incidence (23). One included study (35)

Statistical Computing, Vienna, Austria) (33).

was an observational analysis of CV events of a ran-

analyses

(e.g.,

inﬂuence

analyses,

domized trial evaluating electrocautery of ovaries

RESULTS

versus gonadotropins in women with clomipheneresistant polycystic ovarian syndrome (36).

SEARCH

RESULTS

OF

The types of fertility therapy described varied in

STUDIES. Our initial search retrieved

the studies and included IUI, IVF, ovulation induc-

6,007 titles and abstracts after duplicates were

tion, and controlled ovarian stimulation with gonad-

removed, of which 62 full-text articles were identiﬁed

otropins. IVF was reported in 4 of the 6 included

for detailed assessment (Figure 1); 6 studies were ul-

studies (23,25,27,34). Outcome comparison in most

timately included in our systematic review and meta-

included studies was between women who achieved

analysis. Our data summary and synthesis included

pregnancy using fertility therapy and women who

1,441,392 women: 41,190 women who received fertility

achieved pregnancy without fertility therapy. The

therapy and 1,400,202 who did not receive fertility

only exception was the cohort study by Farland et al.

therapy. The median duration of follow-up across

(25), in which outcomes were compared between

included studies was 9.8 years (range 1 to >20 years).

infertile women who used fertility therapy and

INCLUDED

AND

CHARACTERISTICS

JACC VOL. 70, NO. 10, 2017

Dayan et al.

SEPTEMBER 5, 2017:1203–13

Fertility Therapy and CVD

1207

T A B L E 1 Characteristics of Studies Included in the Systematic Review

First Author,
Year (Ref. #)

Study Design and Setting

Type of Fertility Therapy

Udell, 2013 (28)

Retrospective populationBilling code for
based cohort of deliveries
monitoring of OI,
occurring from 1993 to
includes many
2011 in Ontario, Canada
forms of assisted
reproduction

Henriksson, 2013 (23)

Outcomes

Effect
Measure

Adjustment Factors

Risk of Bias*

CV death, cardiac ischemia,
stroke, TIA, heart
failure, VTE, chronic
hypertension, diabetes
mellitus, others

HR

Age, calendar year,
geographic residence,
neighborhood income,
prior physician visits,
antenatal visits to an
obstetrician, prior
medical history, length
of stay, and obstetrical
complications for index
delivery

Case-cohort design of ﬁrst
births following IVF and
matched unassisted
births from 1990 until
2008 in Sweden

IVF, derived from
VTE (DVT and PE) occurring
national IVF register
during the antepartum,
immediate postpartum
and delayed postpartum
periods (1 yr)

HR

Matched with non-IVF on
Moderate
age and calendar year
of delivery.
Adjusted further for parity,
smoking, education,
BMI, marital status, and
country of birth.

Westerlund, 2014 (27)

Case-cohort design of ﬁrst
births following IVF and
matched unassisted
births from 1990 until
2008 in Sweden

IVF, derived from
Hypertension, diabetes
national IVF register
mellitus, coronary heart
disease, stroke

HR

Matched with non-IVF on
Moderate
age and calendar year
of delivery.
Adjusted further for parity,
smoking, education,
BMI, marital status, and
country of birth.

Farland, 2015 (25)

Prospective U.S. cohort
study (Nurses’ Health
Study II) of fertile
women, infertile women
who used fertility
therapy, and infertile
women who did not use
fertility therapy, who
delivered between 1993
and 2009

Clomiphene citrate,
gonadotropin, IUI,
IVF

RR

Age, BMI, race, smoking,
parity, diet, alcohol,
physical activity, oral
contraceptive use,
breastfeeding,
analgesic use.

Moderate

IVF or OI, derived using Composite CV
Ben-Yaakov, 2016 (34) Retrospective populationphysician billing
hospitalizations for
based cohort of women
claims in
simple CV events,
who delivered between
administrative
complex CV events,
1988 and 2012 in Soroka,
Israel
health data
cardiac noninvasive
diagnostic procedure

HR

Pre-eclampsia, diabetes
mellitus, obesity, age,
and parity

Moderate

Nahuis, 2016 (35)

OR

Age and BMI

Serious

Long-term observational
follow-up of randomized
trial of electrocautery vs.
gonadotropins in women
with anovulatory PCOS
resistant to clomiphene
citrate

Ovarian stimulation
(gonadotropins) vs.
electrocautery of
ovaries in
randomized trial

Hypertension (self-reported),
validated with medical
records and clinical
measurement in subset

Diabetes mellitus type 2,
hypertension, CVD
(unspeciﬁed, composite
of CVD, hypertension or
diabetes)

Moderate

*As assessed by the ABROBAT-NRSI (31).
BMI ¼ body mass index (kg/m2); CV ¼ cardiovascular; CVD ¼ cardiovascular disease; DVT ¼ deep vein thrombosis; HR ¼ hazards ratio; IUI ¼ intrauterine insemination; IVF ¼ in vitro fertilization;
OI ¼ ovulation induction; OR ¼ odds ratio; PE ¼ pulmonary embolism; PCOS ¼ polycystic ovarian syndrome; RR ¼ relative risk; TIA ¼ transient ischemic attack; VTE ¼ venous thromboembolism.

infertile women who did not use fertility therapy

STUDY QUALITY. Five of the included studies were

regardless of incident pregnancy. In this study, the

deemed to be at moderate risk of bias, as assessed by the

investigators reported a separate comparison with

ACROBAT-NRSI scale, mostly because of the potential

never-infertile women; however, we preferentially

for residual confounding in cohort and case-control

reported the former comparison because this has

designs evaluating treatment effects as well as vari-

the lowest potential for bias because of confounding

ability in the ascertainment of exposure and outcome

by

in

(Table 1). One included study was judged to have an

these studies included a diagnosis of hypertension,

overall serious risk of bias resulting from vague ascer-

indication.

The

CV

outcomes

assessed

diabetes mellitus, stroke, CV death, CV ischemia,

tainment and classiﬁcation of CV outcomes (35).

heart failure, CV intervention, hospitalization for a

PATIENT

CV event, and VTE. Four of 6 studies reported HRs

COMPLICATIONS. Most

with associated 95% CIs (23,27,28,34), 1 reported risk

young women whose average age at delivery ranged

ratios (25) and 1 reported odds ratios (35).

from 28.5 years to 34 years (Table 2). A greater

CHARACTERISTICS

of

the

AND

PREGNANCY

studies

included

1208

Dayan et al.

JACC VOL. 70, NO. 10, 2017

Fertility Therapy and CVD

SEPTEMBER 5, 2017:1203–13

T A B L E 2 Patient Characteristics and Pregnancy Outcomes in Included Studies According to the Presence or Absence of Fertility Therapy

Udell, 2013 (28)

N

Henriksson, 2013 (23)*

Westerlund, 2014 (27)*

With
Fertility
Therapy

Without
Fertility
Therapy

With
Fertility
Therapy

Without
Fertility
Therapy

With
Fertility
Therapy

6,979

1,179,774

23,498

116,960

23,498

42–365
days
postpartum

42–365
8.6  4.6
days
postpartum

Time (yrs) since
pregnancy
(mean  SD or
median, IQR)

9.7
9.7
(4.6–14.0) (4.6–14.0)

Age at delivery
(mean  SD or
median, IQR)

34 (31–36) 29 (25–33)

33.3  4.0

33.4  3.9

Without
Fertility
Therapy

Farland, 2015 (25)
With
Fertility
Therapy

Without
Fertility
Therapy

116,960

7,211

8,261

8.6  4.9

>20 yrs

>20 yrs

Ben-Yaakov, 2016 (34)
With
Fertility
Therapy

Without
Fertility
Therapy

4,153

95,138

11.1  7.0 11.2  7.0

Nahuis, 2016 (35)†
With
Fertility
Therapy

Without
Fertility
Therapy

69

69

10 (9–12)

10 (9–12)

33.3  4.0 33.4  3.9 43.8  4.0 46.6  4.5 30.9  6.0 28.7  6.0 28.7 (4.1)† 28.5 (3.7)†

Parity (% nulliparous
or mean  SD)

—

—

100

100

100

100

5.4

0.3

1.5  1.0

2.8  2.0

Polycystic ovary
syndrome or
ovulatory
disorder, n (%)

—

—

788 (3.4)

563 (0.3)

788 (3.4)

563 (0.3)

11 (0.13)

34 (4.0)

—

—

Pre-eclampsia, n (%) 480 (7.0) 39,812 (3.0)

1,235 (5.3)

2,353 (2.0)

—

—

377 (9.1)

4,471 (4.7)

1 (1.0)

0 (0)

Gestational diabetes 536 (8.0) 34,176 (3.0)

—

—

—

—

—

—

4 (6.0)

3 (4.0)

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

Pregnancyassociated VTE
Prior cesarean
delivery
Prior multiple
gestation, n (%)

1,235 (5.3) 2,353 (2.0)
—

—

—

99 (0.42)

291 (0.25)

2,853
(41.0)

314,960
(27.0)

—

—

13 (0.2)

686 (0.1)

3,971 (16.9)

3,040 (2.6)

—

—

—

3,971 (16.9) 3,040 (2.6)

—

—

69 (100.0) 69 (100.0)

The dash indicates not reported or not applicable. *Data from the same matched cohort study resulting in 2 separate publications reporting on distinct outcomes. †Derived from original randomized trial (36).
IQR ¼ interquartile range; VTE ¼ venous thromboembolism.

proportion of fertility-treated women were nullipa-

years (28) and 8.6 years (27), respectively. The absolute

rous. Furthermore, most studies that reported preg-

event rates were low in both cohorts. Pooled analysis

nancy complications noted increased complications

suggested a possible increase in the risk of stroke (HR:

in pregnancy among women exposed to fertility

1.25; 95% CI: 0.96 to 1.63; I2 ¼ 0%) in women who

therapy

received fertility therapy as compared with women who

compared

with

those

who

were

not,

including pre-eclampsia, gestational diabetes, cesar-

did not receive fertility therapy (Figure 2B).

ean delivery, and venous thromboembolism (Table 2).

VTE. Two studies evaluated the risk of incident VTE

CARDIAC EVENTS. Four studies speciﬁcally report-

following fertility therapy involving 30,477 women

ing

(cardiac

who received fertility therapy and 1,296,734 women

ischemia, coronary heart disease, CV hospitalization,

who did not receive fertility therapy. The individual

and CVD not otherwise speciﬁed) among 34,699

estimates of effect were discordant, ranging from a

women who received fertility therapy and 1,391,941

possible protective effect (HR: 0.45; 95% CI: 0.21 to

women who did not are summarized in Figure 2A. In

0.94) in the study with a median of 9.7 years of

the instances when they were reported, the absolute

follow-up to a possible harmful effect (HR: 1.29; 95%

event rates were rare, at <2/10,000 person-years

CI: 0.82 to 2.02) in the study with a 1-year follow-up.

(27,28). Overall, the use of fertility therapy was not

Owing to substantial heterogeneity (I 2 ¼ 82.3%), these

ischemic

or

other

cardiac

events

associated with the risk of a cardiac event (pooled

results were not pooled (Figure 2C).

HR: 0.91; 95% CI: 0.67 to 1.25; I 2 ¼ 36.6%). We

CV RISK FACTORS: HYPERTENSION AND DIABETES

repeated the meta-analysis after removing results

MELLITUS. Three studies evaluated the incidence of

by Nahuis et al. (34), who reported an OR, as opposed

diagnosed

to a HR, and the pooled estimate was similar

women who received fertility therapy and 1,304,995

(HR: 0.86; 95% CI: 0.58 to 1.28; I 2 ¼ 56.6%).

chronic

hypertension

involving

37,688

women who did not. Two of the studies reported a

STROKE. Two studies examined the risk of stroke

protective effect of fertility therapy on the risk of hy-

following fertility therapy, involving 30,477 women who

pertension (HR: 0.88; 95% CI: 0.83 to 0.94; HR: 0.75; 95%

received fertility therapy and 1,296,734 women who did

CI: 0.64 to 0.88), whereas 1 study (Westerlund et al. [27])

not receive fertility therapy followed for a median of 9.7

reported a potential harmful effect (HR: 1.27; 95% CI: 1.13
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F I G U R E 2 Forest Plots Demonstrating Individual and Pooled Relative Risk(s) of Each CV Outcome in Women Who Have Received Fertility Therapy

Compared With Women Who Have Not
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(A) Risk of a cardiac event in women previously exposed to fertility therapy compared with women who were not exposed. (B) Risk of stroke in women
previously exposed to fertility therapy compared with women who were not exposed. (C) Risk of venous thromboembolism in women previously exposed
to fertility therapy compared with women who were not exposed. (D) Risk of hypertension in women previously exposed to fertility therapy compared with
women who were not exposed. (E) Risk of diabetes mellitus in women previously exposed to fertility therapy compared with women who were not
exposed. CHD ¼ coronary heart disease; CI ¼ conﬁdence interval; CVD ¼ cardiovascular disease; DVT ¼ deep vein thrombosis, HR ¼ hazard ratio;
NR ¼ not reported; PE ¼ pulmonary embolism; PY ¼ person-year; TIA ¼ transient ischemic attack.
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to 1.41). Removing the study of Westerlund et al. (27)

of an acute cardiac event following exposure to

resulted in slightly lower heterogeneity. The pooled

fertility therapy. There was a trend toward a possible

result for Udell et al. (28) and Farland et al. (25) yielded

modest beneﬁt on risk of diabetes mellitus. Because

an overall protective effect (HR: 0.83; 95% CI: 0.71 to

there is an inevitable selection bias for undergoing

0.96; I2 ¼ 70%) (Figure 2D).

fertility therapy, this apparent beneﬁt on diabetes

Two studies reported on the development of diabetes mellitus including 30,477 women who received

may simply reﬂect a healthy user effect rather than an
established biological effect.

fertility therapy and 1,296,734 women who did not

We detected a potential increased risk for stroke

receive fertility therapy. The studies were concordant

among fertility-treated women, although the CIs were

and the pooled result yielded a neutral effect, with a

wide and crossed the null, given the limited data on

trend toward possible modest beneﬁt on the devel-

this outcome. The limited number of studies in this

opment of diabetes mellitus (HR: 0.93; 95% CI: 0.87 to

area precludes further assessment of potential risk

1.001; I 2 ¼ 0) (Figure 2E).

according to stroke subtype, or of possible etiologies.
Interestingly, recent data from the Women’s Health

DISCUSSION

Initiative suggested that, compared with younger
women, women who had a pregnancy at advanced

STUDY

CONTEXT. This

was

maternal age (deﬁned as older than 40 years), expe-

evidence

rienced a 50% higher risk of both ischemic and hem-

regarding whether the use of fertility therapy to

orrhagic stroke 12 years following delivery (26); thus,

achieve pregnancy is associated with increased longer

the metabolic demands of pregnancy in older women

term CV risk factors and CV outcomes, and to high-

may contribute to a downstream increased risk for

light knowledge gaps in this area. This question is

cerebrovascular disease. Whether the rising use of

increasingly relevant because fertility therapy is

fertility therapy among women may explain the rise

widely used to achieve pregnancy among older

in hospitalizations seen for ischemic stroke among

women, is associated with short-term maternal com-

middle-age women independent of traditional risk

plications (13,18,19), and its long-term CV safety is

factors (40) is unknown; thus, the potential increased

unknown. In an era in which sex-based differences in

risk of stroke associated with fertility therapy should

CVD are increasingly recognized, reproductive fac-

be investigated further and conﬁrmed or refuted.

designed

to

summarize

systematic
the

review

available

tors, such as fertility therapy use, may be a sex-

Substantial heterogeneity in the studies reporting

speciﬁc risk marker or mediator to appreciate when

on VTE and chronic hypertension precluded our

deciding on risk reduction strategies in women (5,37).

ability to provide summary estimates for these con-

Both IVF and non-IVF approaches often involve

ditions. The variation in risk estimates across studies

repeated cycles of high-dose hormonal stimulation

of VTE may be at least partly explained by differences

protocols, which lead to potential ﬂuid shifts, endo-

in duration of follow-up (i.e., higher risk of VTE at

thelial dysfunction, and a prothrombotic state (23–25).

1 year postpartum, but not at a median 9.7 years

Endogenous estrogens are thought to exert a protec-

postpartum), suggesting that the heightened risk for

tive effect on the vascular endothelium through

VTE dissipates with time. However, the longer term

complex mechanisms (38). However, the same is not

risk of VTE requires further study.

necessarily true of exogenous or supraphysiological

Both Farland et al. (25) and Udell et al. (28) re-

doses of estrogens, as demonstrated by conﬂicting

ported a reduced risk of incident hypertension in

reports about the effects of hormone replacement

fertility-treated

therapy on the risk of hypertension and incident CVD

without such treatment, whereas Westerlund et al.

women

compared

with

women

(39). Therefore, it is biologically plausible that

(27) found a signiﬁcant 27% increase in this risk. The

enduring changes to the vasculature ensues following

reason for this heterogeneity is likely multifactorial.

intense, repeated, high-dose exposure to reproductive

Both the Westerlund et al. (27) and Udell et al. (28)

hormones

therapy.

cohorts were constructed from physician insurance

Furthermore, IVF may contribute to CVD risk through

claims in administrative health data, which increases

that

occurs

during

fertility

the development of hypertensive disorders of preg-

the probability of misclassiﬁcation, in particular

nancy such as pre-eclampsia, which is itself a potent

when evaluating CV risk factors that may be prevalent

sex-speciﬁc CVD risk factor (Central Illustration) (7).

long before being coded by a physician in a clinical

SUMMARY AND DISCUSSION OF FINDINGS. Overall,

encounter. However, the Udell et al. ﬁndings (28) are

our ﬁndings derived from 6 cohorts reporting on CV

comparable to those reported in the Nurses’ Health

risk factors and a variety of heterogeneous CVD out-

Study (Farland et al. [25]), in which hypertension was

comes indicate no increased risk in the development

ascertained prospectively via self-report, validated
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C ENTR AL I LL U STRA T I O N Relationship Among Infertility, Fertility Therapy, and Cardiovascular Disease

Maternal risk factors

Is fertility therapy an additional risk factor?

Advanced maternal age, obesity, hypertension,
metabolic syndrome, polycystic ovary syndrome,
other cardiovascular (CV) risk factors,
genetic CV disease predisposition

In vitro fertilization,
intra-uterine insemination,
ovulation induction,
controlled ovarian stimulation

Complications in pregnancy
Miscarriage/fetal death, prematurity,
preeclampsia, gestational diabetes,
hemorrhage, venous thromboembolism

Possible mechanisms

Possible short-term consequences
Hormonal hyperstimulation,
multiple gestation,
endothelial dysfunction,
renin angiotensin
system activation

Endothelial dysfunction,
hypertension, metabolic syndrome

Increased risk of premature CV disease
10-15 years following delivery
Ischemic heart disease, stroke,
end-stage renal disease

increased risk for CV disease
Trend toward higher risk of stroke

Dayan, N. et al. J Am Coll Cardiol. 2017;70(10):1203–13.

Conceptual diagram depicting possible link between fertility therapy and cardiovascular disease, accounting for infertility and pregnancy events.

against medical records, and conﬁrmed in a subset

were summarized using a random-effects model,

with clinical blood pressure measurement. In ana-

which considers within- and between-study variance,

lyses estimating the rate and risk of hypertension,

and therefore provides a conservative estimate of the

with

pooled effect size (41). Although the small number of

pre-existing hypertension and hypertensive disorders

studies precluded adequate assessment of publication

of pregnancy, which may explain the low absolute

bias, most studies were large and reported a null effect.

risk of chronic hypertension (25.8 per 10,000 in

Although only 6 studies were eligible for our analysis,

women who received IVF and 21.3 per 10,000 in

all had been published since 2013, possibly reﬂecting

women not treated with IVF). Ethnic differences

the growing interest in the assessment of long-term CV

in Sweden versus North America, as well as differ-

health following fertility therapy. Despite the limited

ences in access to fertility therapy under government

number of included studies, our review summarized

health insurance, might further contribute to the

data in more than 1.4 million women (41,190 women

observed heterogeneity; therefore, we are unable to

who received fertility therapy and 1,400,202 women

conclusively summarize the direction of the effect of

who did not receive fertility therapy).

fertility therapy on the future risk of hypertension.

STUDY LIMITATIONS AND KEY KNOWLEDGE GAPS.

Westerlund

et

al.

(27)

excluded

cases

STRENGTHS OF STUDY DESIGN. Our study has several

Our systematic review highlights the inherent difﬁ-

strengths. We searched published and unpublished

culty in studying long-term health effects of fertility

data without language restriction, and closely fol-

therapy and underlines several limitations to the

lowed PRISMA guidelines in our approach. Studies

present study. First, any treatment effect reported in

1211

1212

Dayan et al.

JACC VOL. 70, NO. 10, 2017

Fertility Therapy and CVD

SEPTEMBER 5, 2017:1203–13

observational studies may be due to confounding by

CONCLUSIONS

indication; that is, the infertility itself may confer
an increased risk for CV outcomes. For example,

This is the ﬁrst systematic review of the longer term

polycystic ovarian syndrome leads to infertility by

CV safety associated with fertility therapy across a

anovulatory dysfunction and is also associated with

spectrum of women. Given the small number of

metabolic syndrome and an accelerated atheroscle-

studies to date and signiﬁcant between-study het-

rotic risk proﬁle (42). A recent population-based

erogeneity, our ﬁndings indicate the presence of

cohort study conducted in Ontario, Canada, by our

ongoing knowledge gaps to inform the longer term CV

group (43) demonstrated that failed fertility therapy

risk or safety of fertility therapy. Multicenter pro-

may increase the risk of heart failure and stroke when

spective studies of fertility-treated women and un-

compared with successful therapy, which indicates

exposed control subjects, or large nested case-control

that severe infertility may unmask a woman’s pre-

studies of young women with stroke and heart disease

disposition toward vascular events. This paper was

will hopefully provide further data to inform decision-

not included in our systematic review because of the

making regarding fertility therapy.

absence of an untreated control group; however, it
underscores the importance of an adequate comparison group when evaluating effect of fertility therapy,
such as infertile women who were not exposed to
fertility therapy. Only 1 of our included studies, a
large longitudinal cohort of women, had sufﬁcient
data to report such comparisons (25).
Second, classiﬁcation of exposure varied among
studies and often relied on operational coding
without sufﬁcient detail on the type or dose of fertility
therapy used. As a result, there may be potential for
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misclassiﬁcation bias, resulting in an underestimate
of harm from fertility therapy. This classiﬁcation also

PERSPECTIVES

does not allow the evaluation of a dose-response effect because studies did not report how many times
repeated cycles were prescribed. Furthermore, some
studies were limited to ascertainment of exposure
using public health insurance records and potentially
missing private treatments (28,34). These studies
however did report methods to either approximate
public and private treatment using publically covered
monitoring provider codes or validated self-reported
treatment with medical record review. In all cases,
classiﬁcation of exposure was unrelated to the
outcome, rendering systematic recall bias unlikely.
Finally, the follow-up for most of the studies may
have been too short to ﬁnd a meaningful difference in
CVD outcomes among young women; as an example,
prior studies reporting an increased risk of ischemic
heart disease, stroke, and hypertension following preeclamptic pregnancy had between a 10- to 15-year

COMPETENCY IN PATIENT CARE AND
PROCEDURAL SKILLS: Premenopausal women
often lack traditional atherosclerotic risk factors, so
reproductive risk factors should be carefully sought.
Fertility therapy is often used to achieve pregnancy
and involves repeated cycles of hormonal stimulation.
In a systematic review of observational studies of
fertility therapy, there was no increased risk of
developing a cardiac event, but there was a trend
toward an increased risk of stroke, and data were
inconclusive regarding risks of hypertension and VTE.
TRANSLATIONAL OUTLOOK: Large-scale,
prospective studies are needed to clarify the safety
of fertility therapy and the impact of reproductive
factors on CV risk.

follow-up period for most outcomes (6).

REFERENCES
1. Centers for Disease Control and Prevention.
National Center for Health Statistics. Leading causes of death. Available at: https://www.cdc.gov/

2. Statistics Canada. Leading causes of death, by
sex (both sexes). Available at: http://www.
statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/

3. Vaccarino V, Parsons L, Every NR, Barron HV,
Krumholz HM, National Registry of Myocardial
Infarction 2 Participants. Sex-based differences in

nchs/fastats/leading-causes-of-death.htm; 2015.
Accessed July 16, 2017.

hlth36a-eng.htm;
2017.

early mortality after myocardial infarction. N Engl
J Med 1999;341:217–25.

2016.

Accessed

July

16,

JACC VOL. 70, NO. 10, 2017

Dayan et al.

SEPTEMBER 5, 2017:1203–13

Fertility Therapy and CVD

4. Vaccarino V, Krumholz HM, Yarzebski J,
Gore JM, Goldberg RJ. Sex differences in
2-year mortality after hospital discharge for
myocardial infarction. Ann Intern Med 2001;
134:173–81.
5. Sanghavi M, Parikh NI. Harnessing the power of
pregnancy and pregnancy-related events to predict cardiovascular disease in women. Circulation
2017;135:590–2.
6. Bellamy L, Casas JP, Hingorani AD, Williams DJ.
Pre-eclampsia and risk of cardiovascular disease
and cancer later in life: systematic review and
meta-analysis. BMJ 2007;335:974.
7. Brown MC, Best KE, Pearce MS, Waugh J,
Robson SC, Bell R. Cardiovascular disease risk in
women with pre-eclampsia: systematic review and
meta-analysis. Eur J Epidemiol 2013;28:1–19.
8. Pariente

G,

Shoham-Vardi

I,

Kessous

R,

Sergienko R, Sheiner E. Is stillbirth associated with
long-term atherosclerotic morbidity? Am J Obstet
Gynecol 2014;211:416.e1–12.
9. Kessous

R,

Shoham-Vardi

I,

Pariente

G,

Holcberg G, Sheiner E. An association between
preterm delivery and long-term maternal cardiovascular morbidity. Am J Obstet Gynecol 2013;
209:368.e1–8.
10. Dietz PM, Kukliva EV, Bateman BT,
Callaghan WM. Assessing cardiovascular disease
risk among young women with a history of delivering a low-birth-weight infant. Am J Perinatol
2013;30:267–73.
11. Grand’Maison S, Pilote L, Landry T, Okano M,
Dayan N. Markers of vascular dysfunction after hypertensive disorders of pregnancy: a systematic review
and meta-analysis. Hypertension 2016;68:1447–58.
12. Al-Nasiry S, Ghossein-Doha C, Polman SEJ,
et al. Metabolic syndrome after pregnancies
complicated by pre-eclampsia or small-forgestational-age: a retrospective cohort. BJOG
2015;122:1818–23.
13. Martin AS, Monsour M, Kissin DM,
Jamieson DJ, Callaghan WM, Boulet SL. Trends in
severe maternal morbidity after assisted reproductive technology in the United States, 2008–
2012. Obstet Gynecol 2016;127:59–66.
14. Okun N, Sierra S, et al. Pregnancy outcomes
after assisted human reproduction. J Obstet
Gynaecol Can 2014;36:64–83.
15. Talaulikar VS, Arulkumaran S. Reproductive
outcomes after assisted conception.
Gynecol Survey 2012;67:566–83.

Obstet

16. Gunby J, Bissonnette F, Librach C, Cowan L,
IVF Directors Group of the Canadian Fertility and
Andrology Society. Assisted reproductive technologies (ART) in Canada: 2007 results from the
Canadian ART Register. Fertil Steril 2011;95:542–7.
17. Society of Assisted Reproductive Technologies (SART). SART National Summary Report.
Available at: https://www.sartcorsonline.com/
rptCSR_PublicMultYear.aspx?ClinicPKID¼0; 2014.
Accessed July 16, 2017.

18. Wang ET, Ozimek JA, Greene N, et al. Impact
of fertility treatment on severe maternal
morbidity. Fertil Steril 2016;106:423–6.
19. Belanoff C, Declercq ER, Diop H, et al. Severe
maternal morbidity and the use of assisted
reproductive technology in Massachusetts. Obstet
Gynecol 2016;127:527–34.
20. Dayan N, Lanes A, Walker MC, Spitzer K,
Laskin CA. Effect of chronic hypertension on assisted pregnancy outcomes: a population-based study
in Ontario, Canada. Fertil Steril 2016;105:1003–9.
21. Dayan N, Laskin CA, Spitzer K, et al. Pregnancy
complications in women with heart disease
conceiving with fertility therapy. J Am Coll Cardiol
2014;64:1862–4.
22. Park K, Wei J, Minissian M, Bairey Merz CN,
Pepine CJ. Adverse pregnancy conditions, infertility, and future cardiovascular risk: implications
for mother and child. Cardiovasc Drugs Ther 2015;
29:391–401.
23. Henriksson P, Westerlund E, Wallén H,
Brandt L, Hovatta O, Ekbom A. Incidence of pulmonary and venous thromboembolism in pregnancies after in vitro fertilisation: cross sectional
study. BMJ 2013;346:e8632.
24. Sealey JE, Itskovitz-Eldor J, Rubattu S, et al.
Estradiol- and progesterone-related increases in
the renin-aldosterone system: studies during
ovarian stimulation and early pregnancy. J Clin
Endocrinol Metab 1994;79:258–64.
25. Farland LV, Grodstein F, Srouji SS, et al.
Infertility, fertility treatment, and risk of hypertension. Fertil Steril 2015;104:391–7.
26. Qureshi AI, Saeed O, Malik AA, Suri MF. Pregnancy in advanced age and the risk of stroke in
post-menopausal women: analysis of Women’s
Health Initiative Study. Am J Obstet Gynecol 2017;
216:409.e1–6.
27. Westerlund E, Brandt L, Hovatta O, Wallen H,
Ekbom A, Henriksson P. Incidence of hypertension,
stroke, coronary heart disease, and diabetes in
women who have delivered after in vitro fertilization: a population-based cohort study from
Sweden. Fertil Steril 2014;102:1096–102.
28. Udell JA, Lu H, Redelmeier DA. Long term
cardiovascular risk in women prescribed fertility
therapy. J Am Coll Cardiol 2013;62:1704–12.
29. Moher D, Liberati A, Tetzlaff J, Altman DG,
PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA
statement. J Clin Epidemiol 2009;62:1006–12.

32. Higgins JPT, Green S, editors. Cochrane
Handbook for Systematic Reviews of Interventions. Version 5.0.0 (updated February
2008). London, UK: The Cochrane Collaboration,
2008.
33. R Core Team. R: A language and environment
for statistical computing. Vienna, Austria: R
Foundation for Statistical Computing, 2013.
Available at: http://www.R-project.org/. Accessed
July 25, 2017.
34. Ben-Yaakov RD, Kessous R, Shoham-Vardi I,
Sergienko R, Pariente G, Sheiner E. Fertility
treatments in women who become pregnant and
carried to viability, and the risk for long-term
maternal cardiovascular morbidity. Am J Perinatol 2016;33:1388–93.
35. Nahuis MJ, Oude Lohuis EJ, Bayram N, et al.
Pregnancy complications and metabolic disease in
women with clomiphene citrate-resistant anovulation randomized to receive laparoscopic electrocautery of the ovaries or ovulation induction
with gonadotropins: a 10-year follow-up. Fertil
Steril 2014;101:270–4.
36. Bayram N, van Wely M, Kaajik EM, Bossuyt PM,
van der Veen F. Using an electrocautery strategy
or recombinant follicle stimulating hormone to
induce ovulation in polycystic ovary syndrome:
randomised controlled trial. BMJ 2004;328:192.
37. Gulati M. Improving the cardiovascular health
of women in the nation: beyond the bikini
boundaries. Circulation 2017;135:495–8.
38. Barrett-Connor E, Bush TL. Estrogen and coronary heart disease in women. JAMA 1991;265:
1861–7.
39. Hodis HN, Mack WJ, Henderson VW, et al.,
ELITE Research Group. Vascular effects of early
versus late postmenopausal treatment with
estradiol. N Engl J Med 2016;374:1221–31.
40. George MG, Tong X, Bowman BA. Prevalence
of cardiovascular risk factors and strokes in
younger adults. JAMA Neurol 2017;74:695–703.
41. Pettiti DB. Meta-Analysis, Decision Analysis,
and Cost-effective Analysis: Methods for Quantitative Synthesis in Medicine. New York, NY: Oxford
University Press, 1994.
42. Legro RS. Polycystic ovary syndrome and
cardiovascular disease: a premature association?
Endocr Rev 2003;24:302–12.
43. Udell JA, Lu H, Redelmeier DA. Failure of
fertility therapy and subsequent adverse cardiovascular events. CMAJ 2017;189:E391–7.

30. Stroup DF, Berlin JA, Morton SC, et al., Metaanalysis Of Observational Studies in Epidemiology
(MOOSE) group. Meta-analysis of observational
studies in epidemiology: a proposal for reporting.
JAMA 2000;283:2008–12.

KEY WORDS cardiovascular disease,
female infertility, ovulation induction, risk
factors, stroke, women’s health

31. Sterne JAC, Higgins JPT, Reeves BC, development group for ACROBAT-NRSI. A Cochrane risk of
bias assessment tool: for non-randomized studies
of interventions (ACROBAT-NRSI). 24 September
2014, version 1.0.0. http://www.riskofbias.info.
Accessed July 16, 2017.

A PP END IX For supplemental material,
including the full Medline strategy and the predeﬁned protocol, please see the online version
of this article.

1213

