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ABSTRACT
Cardiovascular (CV) disease is the leading cause of death in women,
and it may manifest differently than in men, in part related to sex-
specific CV risk factors. In females, assisted reproductive technolo-
gies (ARTs) are commonly used to treat infertility, and they utilize
controlled ovarian stimulation involving the administration of exog-
enous sex hormones. ARTs, and especially controlled ovarian stim-
ulation, have been associated with an increased pregnancy and
short-term CV risk, although the long-term CV implications of these
treatments in individuals treated with ARTs and their offspring
remain unclear. This review endeavors to provide a comprehensive
examination of what is known about the relationship between ART
and CV outcomes for females treated with ARTs, as well as their
offspring, and recommendations for future research. Novel insights
into female-specific CV risk factors are critical to reduce the dispro-
portionate burden of CV disease in Canadian women. ART has revo-
lutionized reproductive medicine, offering hope to millions of
individuals with infertility worldwide, and a further understanding of
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R�ESUM�E
Les maladies cardiovasculaires repr�esentent la principale cause de
d�ecès chez les femmes, chez qui elles peuvent se manifester
diff�eremment, en partie en raison des facteurs de risque car-
diovasculaire sp�ecifiques au sexe. Chez les femmes, des technologies
de procr�eation assist�ee (TPA) sont couramment utilis�ees pour traiter
l’infertilit�e et font appel à la stimulation ovarienne contrôl�ee qui
comporte l’administration d’hormones sexuelles exogènes. Les TPA, et
particulièrement la stimulation ovarienne contrôl�ee, ont �et�e associ�ees
à une hausse du risque cardiovasculaire pendant la grossesse et à
court terme, alors que les implications cardiovasculaires à long terme
de ces traitements chez les patientes trait�ees et leurs enfants
demeurent n�ebuleuses. Cette analyse vise à brosser un portrait com-
plet des connaissances acquises sur le lien entre les TPA et les issues
cardiovasculaires chez les femmes qui y ont recours, ainsi que chez
leurs enfants, et de formuler des recommandations pour de futures
recherches. Il est essentiel d’avoir de nouveaux �eclairages sur les
facteurs de risque cardiovasculaire sp�ecifiques aux femmes pour
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the CV implications of this important sex-specific CV risk factor is
warranted urgently.

r�eduire le fardeau disproportionn�e des maladies cardiovasculaires
chez les Canadiennes. Les TPA ont r�evolutionn�e la m�edecine de la
reproduction, offrant de l’espoir à des millions de personnes touch�ees
par l’infertilit�e dans le monde; il est toutefois urgent de mieux con-
naître les implications cardiovasculaires de ces importants facteurs de
risque cardiovasculaire sp�ecifiques au sexe.
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Lay Summary

Cardiovascular disease is the leading cause of death in women,
which may be in part related to female-specific cardiovascular risk
factors. Assisted reproductive technologies (ARTs), including
in vitro fertilization, are commonly used to treat infertility in
females. ARTs have been linked to increased short-term cardio-
vascular risk to females and their children, but the long-term
cardiovascular effects of ARTs remain unclear. High-quality
studies are urgently required to increase our understanding of
the cardiovascular implications of ARTs.
Cardiovascular (CV) disease (CVD) is the leading cause of
death in women worldwide,1 and emerging evidence dem-
onstrates the presence of extensive sex- and gender-related
differences in CV risk factors, presentation, pathophysi-
ology, progression, and prognosis.2 Although historically
CVD was considered a disease of older women in Canada,3

young women exhibit an increasingly disadvantageous CV
risk profile.3 Further, despite declining trends in CV-related
hospitalization and CV mortality overall, young women
represent the only demographic with stable-to-increasing rates
of both measures.4-8 This significant burden of CVD in young
women may be related, in part, to female sex-related CV risk
factors specific to the premenopausal lifespan.9

A variety of female-specific reproductive factors, including
age of menarche, menstruation, hormonal contraception,
fertility, pregnancy, parity, early menopause, and menopausal
hormone therapy have been identified as important areas for
CV risk assessment in young females.9 Abnormalities in these
important domains have been associated with an increased risk
of cardiovascular disease (CVD).9-20 Additionally, many of
these abnormalities are associated with changes in sex hor-
mones, which are increasingly recognized as being direct
mediators of CV function,21 and as such, are being examined
more closely in the context of CV health.22-25

Infertility is an important reproductive factor in young
women and is currently estimated to affect nearly 1 in 6
Canadians.26 In concordance with the accelerating prevalence
of infertility, Canada also has experienced rapid expansion of
the use of fertility treatment, including assisted reproductive
technology (ART).27 The most commonly utilized type of
Received for publication August 16, 2023. Accepted September 10, 2023.

Corresponding author: Dr Sandra M. Dumanski, University of Calgary,
1403 29th St NW, Calgary, Alberta T2N 2T9, Canada. Tel.: þ1-403-944-
8035; fax: þ1-403-944-2876.

E-mail: sandra.dumanski@ahs.ca
See page 148 for disclosure information.
ART is in vitro fertilization (IVF),28 and at present, approx-
imately 2% of all live births in Canada are a result of IVF
treatment.27,29 ART, including IVF, utilizes controlled
ovarian stimulation (COS) to produce multiple oocytes that
are retrieved from the ovary and may also be fertilized in vitro
and transferred to the uterine cavity as embryos.28,30 To
achieve this, COS employs administration of exogenous sex
hormones, resulting in manipulation of the ovarian response
and the endogenous sex hormone milieu.31

Postulated to be related in part to the effect of sex
hormones, both ART and COS have been associated with
short-term pregnancy and CV complications, although their
long-term implications for CV health remain unclear.32 Addi-
tionally, data are conflicting on whether ART-conceived
offspring experience increased long-term CV risk.33-36

Overall, ART has revolutionized reproductive medicine,
offering hope to millions of individuals with infertility
worldwide.37 However, despite the rapidly increasing use of
ART, the CV implications of these treatments are not well
understood. This review aims to provide a comprehensive
examination of what is known regarding the CV implications
of ART for female patients, as well as their offspring, and
provides recommendations for future research.
CV Implications of Infertility
Infertility is defined as the inability to establish pregnancy

after engaging in 1 year of regular sexual intercourse without
contraception,38 and the prevalence of infertility in Canada
stands at 16% and is increasing.26,39 However, the burden of
infertility likely is underestimated, given that infertility prev-
alence is examined routinely in only registered married or
common-law partners who have an intent to conceive,
without consideration of alternative family arrangements or
individuals without a pregnancy intent. A more inclusive
assessment of infertility would include both biological infer-
tility, defined as the inability to reproduce related to repro-
ductive factors, and social infertility, defined as the inability to
reproduce due to one’s relationship status or sexual
orientation.40

Growing evidence suggests that infertility, and specifically
female-factor infertility, may be independently associated with
an increased risk of CVD.41,42 The literature to date, however,
remains inconclusive, with some prospective cohort data
suggesting that no relationship is present between self-
reported infertility and CVD,43 with other prospective data
demonstrating a moderate relationship between them,41,44

and additional studies reporting a relationship only between
infertility and CV risk factors.45,46 The inconsistencies in this
current research landscape may be related, in part, to incon-
gruous definitions and measurements of infertility, variation
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in study follow-up periods, and insufficient data on specific
causes of fertility. Further, although a relationship between
infertility and CVD or CV risk factors may exist, the direc-
tionality of this association remains unclear. Specifically,
whether infertility results in an increased CV risk or whether
individuals with CVD or CV risk factors are at increased risk
for infertility is not well understood.

With recognition that myriad factors have the potential to
contribute to increased CV risk in young females, infertility
likely has a considerable effect. Specifically, a number of
distinct causes of female-factor infertility have been identified
as exhibiting especially high CV risk profiles, including
polycystic ovarian syndrome (PCOS), endometriosis, and
reduced ovarian reserve. PCOS is characterized by irregular
uterine bleeding, hyperandrogenism, and ultrasonographic
evidence of enlarged or cystic ovaries,47 and it is often
accompanied by a variety of cardiometabolic risk factors, such
as obesity, insulin resistance, and metabolic syndrome.48

Long-term studies suggest that, in addition to posing an
increased risk for multiple traditional CV risk factors, such as
hypertension and diabetes, PCOS in female patients carries a
nearly 1.5 times greater risk for cerebrovascular disease.49

Similarly, individuals living with endometriosis, a disease
characterized by presence of endometrial glands and stroma
outside of the uterus,50 experience elevated CV risk. Data
suggest that a link is present between endometriosis and
impaired vascular function51done that improves following
surgical management of endometriosis,52 implying potential
causality. Further, a systematic review and meta-analysis that
included 6 studies and 254,929 females demonstrated that
individuals living with endometriosis had a significantly
increased risk of ischemic heart disease and cerebrovascular
disease.53 Finally, reduced ovarian reserve, as measured by
anti-Müllerian hormone levels, also has been associated with
both an increased risk for traditional CV risk factors54-57 and
CVD.22

Overall, amidst the evidence suggesting increased CV risk
for females with infertility, careful consideration of the CV
implications of fertility treatments is of critical importance to
mitigate potential CV risk.
Cardiovascular Implications of ART and COS

ART

ART refers specifically to fertility treatments that employ
manipulation of oocytes or embryos, and this includes pro-
cedures such as in vitro fertilization and female fertility
preservation.28

ART procedures generally utilize COS, which most
commonly involves administration of exogenous gonadotro-
pins, including follicle-stimulating hormone (FSH), some-
times with the addition of luteinizing hormone, to stimulate
supraphysiologic ovarian follicle growth.58 Simultaneously,
gonadotropin-releasing hormone analogs also are typically
administered exogenously, to suppress the release of luteiniz-
ing hormone and subsequent ovulation, to allow for ongoing
growth of follicles.59,60 Gonadotropin and gonadotropin-
releasing hormone analog administration continues until the
follicles have reached a desired number and size, and then
oocyte maturation is induced (usually through administration
of human chorionic gonadotropin) prior to surgical retrieval
of oocytes.61 Estradiol is produced and secreted by ovarian
follicles, and thus, COS also is marked by a substantial in-
crease in endogenous estradiol levels, of up to 20 times
baseline levels.62

In ART, COS is followed by oocyte retrieval, in which
transvaginal ultrasound-guided aspiration is employed to
retrieve mature oocytes from the ovarian follicles.63 Following
retrieval, the oocytes may be either cryopreserved (fertility
preservation) or fertilized with sperm in vitro (in vitro fertil-
ization [IVF]). If the oocytes are fertilized, the resulting em-
bryos may be transferred immediately to an individual’s uterus
to initiate a pregnancy (usually at the cleavage stage [3 days
following fertilization] or the blastocyst stage [5 days following
fertilization]) or alternatively, cryopreserved for future
transfer.60

Multiple sex hormones that are critical to the COS process
have been implicated directly in CV health and function.
Endogenous estrogen has multiple complex effects on vascular
physiology, including vasodilation and a reduction in blood
pressure, mainly through activation of nitric oxide synthesis in
endothelial cells and interaction with the renin-angiotensin-
aldosterone system (RAAS).64-66 Estrogen signaling also
plays an important role in favourable lipid metabolism and
dampening of inflammation, thereby providing protection
from atherosclerotic CVD.65,66 In fact, the rapid decline of
endogenous estrogen is postulated to be a major factor in the
increased CV risk exhibited by the population of post-
menopausal females.67 In contrast, the role of exogenous es-
trogen in CV health is not well understood. Oral formulations
of exogenous estrogen, including hormonal contraception and
hormone replacement therapy, have been associated with
increased CV risk, although the effects of non-oral formula-
tions are less clear.15,68 The gonadotropin FSH also is inde-
pendently associated with CVD in females. Although
menopause is well understood to be strongly correlated with
increased CV risk, which is most likely due in part to reduced
estrogen levels, emerging evidence suggests that increased
levels of FSH also may contribute independently to
menopause-related CV risk. Higher FSH levels are associated
with disadvantageous lipid profiles,69 and independent of es-
trogen, higher FSH levels have been associated with an
increased 10-year risk of atherosclerotic CVD.25 FSH re-
ceptors have been found in vascular endothelium, suggesting
that they play a direct role in vascular health,70,71 and animal
models demonstrate that FSH blockade is effective at reducing
atherosclerotic CVD.72

Short-term CV complications of ART

Ovarian hyperstimulation syndrome (OHSS) is a serious
complication of COS and is characterized by ovarian
enlargement, increased vascular permeability, and fluid shifts
from the intravascular space to the third space, resulting in
marked hemoconcentration.73-75 The incidence of moderate-
to-severe OHSS is approximately 1%-5% in all ART cycles,
although it can be as high as 20% in higher-risk populations,
such as those with PCOS.76 With respect to its impact on the
vascular system, OHSS results in severe endothelial dysfunc-
tion and increased vascular permeability.74 Although the exact
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physiologic mechanisms have yet to be elucidated, OHSS
appears to be mediated in part by vascular endothelial growth
factor, expressed by granulosa and theca cells during
COS.77-80 Vascular endothelial growth factor appears to drive
severe vascular permeability77,78 and also may contribute to
endothelial dysfunction.81 The RAAS also plays an important
role in OHSS pathophysiology.75,82 Follicular fluid retrieved
from female patients treated with ART complicated by OHSS
reveals unusual levels of RAAS components,83 and heightened
systemic RAAS activity also has been demonstrated in
OHSS,84,85 although whether this effect is an independent
mechanism or is simply related to third spacing and intra-
vascular volume depletion is unclear. Interesting to note is
that OHSS appears to be an exaggerated pathologic response
to COS, and even COS cycles that are uncomplicated by
OHSS are affected by a similar, albeit lesser, level of vascular
dysfunction.82 COS without OHSS has been associated with
some level of vascular permeability, as well as heightened
RAAS activity, and this degree of RAAS activation appears to
correlate with the number of stimulated follicles.86-88 This
subclinical COS-associated vascular dysfunction may help to
provide a mechanistic link to the heightened CV risk of COS
and ART.

Likely related to hemoconcentration, inflammation, hy-
percoagulability, as well as high levels of estrogen inherent to
OHSS, arterial and venous thrombosis are common compli-
cations of OHSS.89 In fact, females treated with ART
complicated by OHSS have an up to 100 times increased risk
of thrombosis, compared to pregnant individuals who
conceived spontaneously.90 Such thromboembolic events are
often severe and may involve the cardiac and cerebrovascular
arterial systems, resulting in myocardial infarction and
stroke.89,91 Although formal guidelines are lacking, consider-
ation for prophylactic anticoagulation may be prudent in
OHSS.32,89

Even in the absence of OHSS, registry data suggest that
individuals treated with ART have a heightened risk of venous
thromboembolism, which often becomes apparent in the first
trimester of pregnancy.92-94 Specifically, a recent systematic
review and meta-analysis of 14 studies reported that in-
dividuals treated with ART experienced a 2-3-fold increased
risk of venous thromboembolism, compared to individuals
who conceived spontaneously (relative risk [RR]: 2.66; 95%
confidence interval [CI]: 1.60-4.43).95 The elevated throm-
boembolic risk associated with ART is postulated to be related
to the high-estrogen state of COS that directly precedes
pregnancy in IVF with fresh embryo transfer.96 This possi-
bility is supported further by a recent study that demonstrated
an 8-fold increased risk of venous thromboembolism in in-
dividuals treated with IVF who underwent a fresh embryo
transfer (in which the embryo is transferred to the uterus
immediately following COS), compared to the risk in in-
dividuals who conceived spontaneously.97 This same risk
differential, however, was not demonstrated in individuals
treated with IVF who underwent a frozen embryo transfer (in
which the embryo is transferred to the uterus following a
period of time in which it is cryopreserved).

The thromboembolic risk for individuals treated with
unsuccessful ART cycles (cycles that did not result in preg-
nancy) remains unclear. Two studies have examined the
relative thromboembolic risk of successful vs unsuccessful IVF
cycles, with conflicting results.98,99 A prospective cohort study
of nearly 1000 women referred to a regional thrombosis unit
reported a significantly lower risk of venous thromboembo-
lism in individuals with unsuccessful IVF cycles.98

Conversely, registry data from the Registry of Patients with
Venous Thromboembolism (RIETE) suggest that although
successful and unsuccessful IVF cycles were equivalent with
respect to the incidence of venous thrombosis, individuals
with unsuccessful cycles were at significantly increased risk for
pulmonary embolism.99

Pregnancy-related complications of ART

Although ART remains a generally safe procedure for
pregnancy induction, many studies demonstrate that in-
dividuals treated with ART experience an increased risk of
adverse pregnancy outcomes compared to individuals who
conceived spontaneously.

Hypertensive disorders of pregnancy (HDP) complicate up
to 10% of all pregnancies on a global scale,100,101, and the risk
of developing HDP, including preeclampsia, is increased in
individuals who conceived through ART.102 Multiple sys-
tematic reviews and meta-analyses have reported this
finding,103-106 and most recently, a 2021 meta-analysis of 85
studies demonstrated a higher odds of HDP for pregnancies
conceived through ART, compared to those spontaneously
conceived, including in singleton pregnancies (odds ratio
[OR] 1.70; 95% CI 1.60-1.80) and in multiple pregnancies
(OR 1.34; 95% CI 1.20-1.50).107 The odds of HDP are
reported to be even higher in ART treatments that utilize
donor oocytes.106-108 This HDP risk also may be escalated in
individuals treated with multiple IVF cycles, those who have a
higher number of embryos transferred, and those who have a
longer duration of ovarian stimulation.90,94,106

An interesting finding is that the risk of HDP also appears
to differ between ART-conceived pregnancies with fresh-
embryo transfer and those with frozen-embryo transfer.109

Multiple meta-analyses that examined the odds of HDP
occurring in ART also have assessed the relative odds in fresh-
vs frozen-embryo transfer.106,107,110 Consistently, ART-
conceived pregnancies with frozen-embryo transfer have
been reported to have increased odds of HDP compared to
ART-conceived pregnancies with fresh-embryo transfer. The
difference in pregnancy-associated outcomes between fresh-
and frozen-embryo transfer has grown to be the subject of
ongoing research, wherein the corpus luteum has been the
focus.

The corpus luteum is a temporary endocrine structure that
forms after ovulation and produces progesterone and other
factors to prepare the endometrial lining for embryo im-
plantation and support early pregnancy.83 One corpus luteum
is present in pregnancies with spontaneous conception, and
often more than one corpus lutea are present in ART-
conceived pregnancies with fresh-embryo transfer. The
corpus luteum is absent, however, in ART-conceived preg-
nancies with frozen-embryo transfer or donor oocytes, both of
which demonstrate increased odds for HDP, and require
exogenous progesterone administration for luteal endometrial
support.111 Data suggest that abnormal numbers of corpora
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lutea, such as in ART-conceived pregnancies, are associated
with adverse vascular changes that may lead to adverse preg-
nancy outcomes, including HDP. Specifically, in ART-
conceived pregnancies without a corpus luteum (ie, IVF
with frozen-embryo transfer or donor-oocyte ART), the ex-
pected decline in arterial stiffness and pulse wave velocity is
attenuated in the first trimester, and a reduction in endothelial
function also is demonstrated.112,113 Further, increased aortic
augmentation also is demonstrated in the third trimester in
ART-conceived pregnancies without a corpus luteum.114

Notably, a relative increase in arterial stiffness throughout
pregnancy also has been demonstrated in ART-conceived
pregnancies with > 3 corpora lutea (ie, IVF with fresh-
embryo transfer), compared to spontaneously conceived
pregnancies.112,114 These findings suggest that the corpus
luteum and the factors it secretes, including relaxin, which is
not detectible in pregnancies without a corpus luteum, may be
critical contributors to the healthy vascular response to preg-
nancy.83,115 The absence of relaxin, known to be important
for endothelial function and vascular relaxation, may predis-
pose individuals to increased arterial stiffness and HDP.83

Further, in pregnancies with > 3 corpora lutea, increased
RAAS activation has been demonstrated, indicating a poten-
tial role for the corpus luteum in healthy RAAS function.83,116

In addition to HDP, other maternal pregnancy complica-
tions are present at an increased frequency in ART-conceived
pregnancies compared to spontaneously conceived pregnan-
cies. Specifically, ART-conceived pregnancies have a higher
incidence of spontaneous abortion,35,117,118 and maternal
complications including gestational diabetes and abnormal
placentation, known risk factors for future CVD,100,119,120

occur at an increased frequency.103

Long-term CV complications of ART

The long-term CV effects of ART remain unclear, and the
available literature on this topic is limited. A large population-
based cohort study of more than 240,000 Swedish women with
a mean follow-up of 8.6 years reported a higher incidence of
hypertension among individuals with pregnancies resultant
from IVF, compared to those spontaneously conceived (HR:
1.27, 95% CI: 1.13-1.41), as well as a trend toward an
increased incidence of stroke (HR: 1.27, 95% CI: 0.96-
1.68).121 Conversely, a large cohort of > 115,000 individuals
in the Nurses Health Study reported no relationship between
ART and hypertension later in life.88 Further, a Canadian
cohort study of over 1 million women demonstrated that in an
adjusted analysis, women with pregnancies resultant from
fertility therapy (ART and other types) had a lower HR of CV
events compared to women with pregnancies related to spon-
taneous conception, and concluded that fertility therapy was
not associated with an increased risk of CVD later in life.122

Another interesting finding is that unsuccessful ART (ie,
ART that did not result in a live birth) may predispose in-
dividuals to an increased CV risk, compared to successful
ART. A population-based cohort analysis of more than
25,000 Canadian women treated with ART and followed for a
median of 8.4 years, described a 21% relative increase in the
annual CV event rate in women with unsuccessful ART,
compared to the rate in women with successful ART.123 This
increased risk was driven primarily by heart failure (adjusted
relative rate ratio 2.25; 95% CI 2.06-2.46) and stroke
(adjusted relative rate ratio 1.25; 95% CI 1.15-1.37).

Overall, the data remain inconclusive, and one meta-
analysis has been completed to examine the risk of CVD in
female patients treated with fertility therapy (ART and other
types).124 This meta-analysis reported no increased risk of a
cardiac event (pooled HR: 0.91; 95% CI: 0.67-1.25) in
women treated with fertility therapy; however, a trend toward
a higher risk of stroke occurred (pooled HR: 1.25; 95% CI:
0.96-1.63).124 All of the studies to date are limited by varying
definitions of fertility therapy and ART, heterogeneity of
comparator groups, variation in outcomes, and shorter follow-
up periods.

To complicate the picture further, females with infertility
who seek treatment with ART may possess an inherently
higher CV risk profile, which may contribute to the potential
for increased CV risk observed following ART. Specifically,
females with infertility, who are more likely treated with ART,
may be older, may carry increased weight, and may have
preexisting medical conditions,42,125 all of which could
contribute to an increased CV risk following ART.

COS treatment and the associated hormone changes
plausibly could result in long-term vascular effects in in-
dividuals treated with ART. During COS, female vascular
function is modified, likely in direct response to changes in
the hormonal milieu, though the long-term implications for
these changes are not well understood. A meta-analysis of
studies examining vascular function in response to COS re-
ported a significantly increased heart rate and decreased blood
pressure following COS.126 Further, another study demon-
strated significantly increased arterial stiffness during COS, as
compared to baseline, independent of carotid artery diameter
or blood pressure.127 The effects of COS on endothelial
function and integrity remain unclear.128,129 Although
changes to vascular function, including arterial stiffness and
endothelial function, are predictive of long-term CV
risk,130,131 a point that remains unclear is whether the vascular
health changes associated with COS are transitory or rather
persist long-term. Further studies to address this question are
urgently warranted.
CV Implications of ART for Offspring
Although ART clearly is a safe and effective treatment,

ART-conceived offspring may have a higher CV risk,
compared to that of offspring conceived spontaneously. An
important point to note, however, is that the existing litera-
ture on the association between ART and CV risk in offspring
remains very limited and conflicting, making it difficult to
formulate strong conclusions.

CV risk factors and disease

A large European cohort study of over 7 million children
followed for nearly a decade after birth reported no significant
difference in CVD or type 2 diabetes mellitus between ART-
conceived offspring and those conceived spontaneously.132

However, ART-conceived offspring did have a significantly
elevated risk for obesity. This finding was replicated in a
prospective cohort study of 764 children aged 6-10 years, in
which the ART-conceived group displayed an increased body
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mass index compared to that in the spontaneously conceived
group.133 Additionally, participants in the ART-conceived
group demonstrated disadvantageous differences in left ven-
tricular structure and function, including left ventricular hy-
pertrophy. Similarly, other studies also have reported
unfavourable changes to cardiac function in ART-conceived
offspring.134,135 Increased blood pressure and hypertension
have been inconsistently described in the literature comparing
ART-conceived offspring to spontaneously conceived
offspring,133,136 and a systematic review and meta-analysis of
19 studies concluded that ART-conceived offspring had a very
small but statistically significant elevation in blood pressure,
compared to that in offspring conceived spontaneously.34

Finally, a systematic review and meta-analysis of 41 studies
reported significantly elevated odds of congenital heart defects
among ART-conceived offspring, as compared to the odds
among those conceived spontaneously.137

Adverse changes to vascular function also have been
observed among ART-conceived offspring. In a cross-sectional
study of 122 offspring in childhood, increased arterial stiffness
and impaired endothelial function were observed in ART-
conceived offspring compared to offspring spontaneously
conceived.138 In a follow-up study 5 years later, the vascular
dysfunction observed at the initial assessment persisted, with
the ART-conceived offspring exhibiting a persistent 25% lower
flow-mediated dilation of the brachial artery, increased
pulse-wave velocity, and increased carotid intima-media
thickness.136

Perinatal CV risk factors

Low birth weight is an independent risk factor for future
CVD.139 A number of systematic reviews and large cohort
studies have addressed whether birth weight differs among
offspring who were conceived spontaneously vs ART-
conceived offspring.140-146 Offspring conceived through
ART tend to have lower birth weights than offspring
conceived spontaneously, which may contribute to an
increased future CV risk. This trend is persistent in both
singleton and multiple pregnancies.35 An intriguing finding is
that this relationship between IVF-conceived pregnancies and
low birth weight appears to be exclusive to fresh-embryo
transfers, and no increased odds for low birth weight is
demonstrated in IVF-conceived pregnancies with frozen-
embryo transfer, according to a recent meta-analysis.147
Conclusions and Future Directions
Infertility affects 16% of Canadians, and the use of ART is

rising rapidly.26,27,39 Nearly 30,000 ART treatments are
completed in Canada each year, and approximately 2% of all
live births in Canada are resultant from ART.27,29,148 Despite
the rapidly increasing prevalence of ART use, the CV impli-
cations of ART remain poorly understood. ART is associated
with adverse CV outcomes along several points of the ART
timeline (Fig. 1), and this relationship is likely mediated by
sex hormone changes, inflammatory changes, and changes to
vascular health. Further, although it is clear that ART impacts
short-term CV and pregnancy risk, whether ART is associated
with adverse CV effects over the long-term remains unclear.
Additionally, a full understanding of the CV health implica-
tions for ART-conceived offspring is lacking.

Large-scale, well-designed prospective cohort studies are
urgently needed to further evaluate the long-term CV impli-
cations of ART on both the individuals treated with ART and
their offspring, as well as the contribution of differing ART
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protocols and ART success. Further, studies to identify the
mechanistic pathways that link ART to CV and vascular
outcomes are critically important to identify biomarkers that
may predict ART-associated CV complications, and to test
appropriate and personalized preventive strategies, including
antthrombotic strategies, to limit each individual’s risk.
Overall, although much important work has been completed
to elucidate the relationship between ART and CV health,
prioritization of further work is necessary in order to optimize
CV risk reduction in females seeking ART care, as well as their
offspring.

Overall, ART has provided hope to millions of individuals
with infertility worldwide. However, the relationship between
ART, COS, and CV health is complex and multifaceted,
necessitating further investigation to optimize the CV well-
being of both females undergoing ART and their offspring.
This future research holds the key to formulating evidence-
based guidelines to mitigate potential CV risks for in-
dividuals treated with ART, and to providing critical knowl-
edge and empowerment for the Canadian public.
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