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Importance: The number of children conceived through assisted reproductive technologies (ART) continues to increase worldwide,
raising questions regarding their long-term cardiometabolic health. Both ART procedures and parental infertility may contribute to
the developmental programming of cardiometabolic outcomes.

Objective: To systematically evaluate cardiometabolic health in ART-conceived offspring across developmental stages, assess the
impact of specific ART procedures, and examine the contribution of parental infertility.

Evidence Review: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines and International
Prospective Register of Systematic Reviews registration (CRD420251145460), PubMed and Embase were searched through April
30, 2026, for studies evaluating cardiometabolic outcomes in ART-conceived offspring. Because of substantial heterogeneity,
findings were synthesized narratively according to developmental stage, ART modality, and outcome category.

Findings: Fifty-five studies met the inclusion criteria. From fetal life through adolescence, ART-conceived offspring frequently
exhibited subtle cardiovascular differences, including mild cardiac remodeling, modest elevations in blood pressure, and early
endothelial dysfunction. Metabolic findings, including insulin resistance and adiposity, were less consistent. Although several
cohorts reported higher blood pressure values and vascular alterations in ART offspring, these differences were generally modest
and remained within normal physiological ranges. A large multicohort analysis found no overall differences in blood pressure,
heart rate, triglycerides, or insulin resistance traits, although higher childhood low-density lipoprotein cholesterol concentrations
and adiposity attenuated with age. By adulthood, most cardiometabolic parameters appeared comparable between ART-conceived
offspring and offspring conceived without ART. No consistent adverse long-term effects were identified for intracytoplasmic
sperm injection, frozen embryo transfer, or preimplantation genetic testing. Similar cardiometabolic profiles were reported in
offspring of subfertile parents conceived without ART and in ART-conceived offspring, supporting an independent contribution of
parental infertility.

Conclusions and Relevance: This review found no evidence of a major adverse cardiometabolic effect of ART in offspring. However,
subtle cardiovascular differences have been reported from fetal life through adolescence, whereas metabolic findings remain less
consistent. These alterations are generally mild, age-dependent, and often remain within normal physiological ranges, although
their long-term clinical significance remains uncertain. Future studies should include offspring of subfertile parents conceived
without ART and extend follow-up into adulthood to clarify whether early-life differences represent transient developmental
adaptations or markers of increased cardiovascular susceptibility later in life. (Fertil Steril® 2026;126:615-32. ©2026 by
American Society for Reproductive Medicine.)
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ductive technologies (ART) have enabled millions of

infertile couples to conceive. More than 10 million
children have been born worldwide through these techniques
since 1978 (1). Assisted reproductive technology encom-
passes a range of procedures, including in vitro fertilization
(IVE), intracytoplasmic sperm injection (ICSI), frozen embryo
transfer (FET), and preimplantation genetic testing (PGT).
Although ART has revolutionized reproductive medicine,
concerns have emerged regarding the long-term health of
offspring conceived through these methods.

The Developmental Origins of Health and Disease hy-
pothesis posits that environmental exposures during critical
developmental windows can program long-term health out-
comes (2). The ART procedures occur during periods of
extensive epigenetic reprogramming in the gametes and
early embryo, raising the possibility that they could influ-
ence developmental trajectories and subsequent cardiometa-
bolic health (3). Animal studies have demonstrated that
culture media composition, ovarian hyperstimulation, and
embryo manipulation can alter offspring cardiovascular
and metabolic phenotypes (4, 5). In humans, several studies
have reported associations between ART and altered blood
pressure, vascular function, and metabolic parameters in
offspring, although findings have been inconsistent (6).

Importantly, the interpretation of these associations is
complicated by the potential confounding role of parental
infertility itself. Infertile couples differ from fertile couples
in ways that may independently affect offspring health,
including older parental age, higher prevalence of metabolic
syndrome, and genetic or epigenetic factors related to subfer-
tility (7, 8). Disentangling the effects of ART procedures from
those of underlying parental infertility remains a major chal-
lenge in this field.

The primary objective of this systematic review is to
synthesize the current evidence on cardiometabolic health
outcomes in ART-conceived offspring compared with
offspring conceived without ART. Secondary objectives
include: evaluating whether specific ART modalities
(IVF, ICSI, FET, and PGT) are differentially associated
with cardiometabolic outcomes; assessing whether
observed associations vary by offspring age (fetal, child-
hood, adolescence, and adulthood); and examining the
contribution of parental infertility to observed differences
by reviewing studies. Results are reported according to the
age of the children and the specific ART procedure used,
with particular attention to the role of parental infertility
as a potential confounder.

S ince the birth of Louise Brown in 1978, assisted repro-

MATERIALS AND METHODS
Protocol and registration

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses 2020 guidelines (9) and was prospectively
registered in the International Prospective Register of Sys-

Search strategy

A comprehensive literature search was performed in PubMed
and Embase up to 20 March 2025, corresponding to the Inter-
national Prospective Register of Systematic Reviews (PROS-
PERO) registration date. To ensure inclusion of the most
recent evidence, the literature search was updated on 30
April 2026 before manuscript submission, and any newly
relevant studies were incorporated into the review. The
search strategy combined Medical Subject Headings terms
and free-text keywords related to: assisted reproductive
technology (ART, IVF, ICSI, FET, and PGT); cardiovascular
outcomes (blood pressure, vascular function, and cardiac
structure and function); metabolic outcomes (glucose meta-
bolism, insulin resistance, lipid profile, and adiposity); and
parental infertility. Relevant articles were in addition manu-
ally screened to identify additional eligible studies (backward
citation tracking).

Eligibility criteria

Studies were included if they met the following criteria: hu-
man studies; cohort, case-control, or cross-sectional design;
assessment of cardiovascular or metabolic outcomes in ART-
conceived offspring; comparison with conception without
ART offspring or population norms; published in English.
Studies were excluded if they: focused solely on perinatal
outcomes (birth weight and gestational age) without cardio-
metabolic follow-up; were case reports; and lacked a com-
parison group.

Study selection

Two reviewers (MS and PF) independently screened titles and
abstracts, followed by a full-text review of potentially
eligible articles. Disagreements were resolved through dis-
cussion and consensus.

Data extraction

Data were extracted independently by two reviewers (MS and
PF) using a standardized data extraction form developed in
Microsoft Excel. The form captured: study characteristics
(author, year, country, design, and sample size); participant
characteristics (offspring age, ART modality, and parental
infertility status); outcome measures (cardiovascular and
metabolic parameters); and results (effect sizes, confidence
intervals, P values). Discrepancies were resolved by
consensus.

Risk of bias assessment

Study quality was assessed independently by two reviewers
using the Newcastle-Ottawa Scale (NOS) for cohort and
case-control studies (10). The NOS evaluates three domains:
selection of study groups, comparability of groups, and
ascertainment of outcome. We acknowledge that the NOS
has recognized limitations, including subjective scoring
criteria and limited assessment of confounding (11). Studies
were classified as Good (8-9 points), Fair (6-7 points), and
Poor (<5 points). Publication bias was assessed qualitatively

tematic Reviews (PROSPERO; registration number
CRD420251145460).
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by examining study characteristics. Formal funnel plot anal-
ysis was not performed because of the narrative synthesis
approach and heterogeneity in outcome measures across
studies.

Data synthesis

Because of substantial heterogeneity in study designs, ART
modalities, offspring ages, outcome definitions, and mea-
surement methods, meta-analysis was not feasible. Results
were synthesized narratively, organized by: offspring age
group (fetal, childhood, adolescence, adulthood); ART mo-
dality (IVF, ICSI, FET, and PGT); and outcome category (car-
diovascular and metabolic). Where multiple studies reported
the same outcome in comparable populations, findings were
qualitatively summarized. We did not apply a formal grading
of recommendations, assessment, development, and evalua-
tions assessment because of the narrative synthesis approach

Fertil Steril®

and the observational nature of all included studies, which
inherently limits the certainty of evidence.

RESULTS
Study selection

The systematic literature search identified 2,073 records: 756
from PubMed and 1,317 from Embase. After removal of 463
records (duplicates or irrelevant topics), 1,610 records were
screened on title and abstract, of which 126 articles were
retrieved for full-text assessment. Of these, 81 were excluded
for the following reasons: perinatal outcomes only, no cardi-
ometabolic outcome comparison, no ART or conception
without ART comparison group, and non-English language.
An additional 10 studies were identified through citation
screening and other sources. A total of 55 studies met the in-
clusion criteria for this systematic review (Fig. 1).

FIGURE 1

Records identified through database
searching
(n=2,073)
(PubMed: 756; Embase: 1,317)

Identification

Records screened (title and abstract)
(n=1,610)

Screening

Full-text articles assessed for eligibility
(n=126)

Eligibility

Additional articles
identified through
other sources
(n=10)*

Studies included in the review
{n = 55)
ART versus natural conceptions {n = 27), IVF versus ICSI| (n =
7), FET versus Fresh-ET (n = 11), PGT (n = 4), ovarian
stimulation {n = 4), and parental infertility (n = 5)

Included

Records excluded (n = 463)
Reasons: duplicates removed or irrelevant topics

Records excluded (n = 1,514)
Reasons: no cardiometabolic outcomes reported, wrong
population (no ART-conceived), conference abstracts,
animal studies

Full-text articles excluded
{n=281)
Reasons: no ART/NC comparison, no cardiometabolic
outcome comparison,
full text not in English, protocols

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of study selection. A total of 2,073 records were identified
through database searching (PubMed and Embase). A total of 55 studies were included in the narrative synthesis, distributed across six
thematic categories: overall ART vs. conception without ART, fertilization method: IVF vs. ICSI, embryo transfer modality: frozen embryo
transfer (FET) vs. fresh-ET, preimplantation genetic testing (PGT), ovarian stimulation, and parental infertility.* Of the 10 additional studies,
eight were identified through citation searching and two were incorporated during peer review.

Firmin. Cardiometabolic Health and ART. Fertil Steril 2026.

VOL. 126 NO. 4 / OCTOBER 2026

617

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en octubre 15,
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



SEMINAL CONTRIBUTIONS

Conception with ART vs. without ART: Cardiovascular features
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Developmental timeline of cardiometabolic outcomes in ART-conceived offspring vs. offspring conceived without the assistance of ART. Overview
of (A) cardiovascular and (B) metabolic/anthropometric effects, except Elhakeem'’s study (multiple time points: no difference in blood pressure
between groups; higher cholesterol in ART offspring attenuating with age). ApoA = apolipoprotein A; ART = assisted reproductive
technology; cIMT = carotid intima-media thickness; FMD = flow-mediated dilation; HOMA-B = homeostasis model assessment of beta-cell
function; HOMA-IR = homeostatic model assessment of insulin resistance; ICSI = intracytoplasmic sperm injection; LV = left ventricle; PAP =
pulmonary arterial pressure; PWV = pulse wave velocity; RV = right ventricle.

Firmin. Cardiometabolic Health and ART. Fertil Steril 2026.
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The included studies encompassed diverse study designs
(prospective cohorts, retrospective population-based co-
horts, cross-sectional studies) and follow-up periods ranging
from fetal life to young adulthood. They assessed cardiovas-
cular and metabolic outcomes in offspring conceived
through ART compared with offspring conceived without
ART, and examined the specific contributions of individual
ART procedures (fertilization method, embryo transfer mo-
dality, PGT, ovarian stimulation) and parental infertility. Re-
sults are presented according to six thematic subsections,
with findings organized chronologically across four devel-
opmental periods: fetal period, neonatal period, and early
childhood; childhood; adolescence; and young adulthood
and adulthood.

Study quality assessment

Study quality was assessed using the Newcastle-Ottawa
Scale (NOS). Across all 55 included studies (58 NOS assess-
ments, because 3 studies contributed entries to multiple sec-
tions), the overall methodological quality was high (45
assessments rated Good [78%] and 13 rated Fair [22%]; no
study rated Poor—Supplemental Table 1, available online).
By thematic section, the quality assessments were as follows:
conception with the assistance of ART vs. without ART (n =
27 studies): 25 Good and 2 Fair; IVF vs. ICSI (n = 7 studies): 4
Good and 3 Fair; FET vs. fresh-ET (n = 11 studies): 8 Good
and 3 Fair; PGT (n = 4 studies): 2 Good and 2 Fair; hormonal
stimulation (n = 4 studies): 3 Good and 1 Fair; parental infer-
tility (n = 5 studies): 2 Good and 3 Fair.

Conception with ART vs. without the assistance of
ART

For this question, a total of 27 studies were analyzed, detailed
in the Supplemental Table 2, and synthetized in Figure 2 (12—
38).

Fetal period, neonatal period, and early childhood. Multi-
ple studies documented cardiac structural and functional dif-
ferences in ART-conceived fetuses and young children. A
systematic review by Tasias et al. (39) confirmed that ART fe-
tuses exhibit cardiac remodeling and altered cardiac function
detectable by echocardiography in utero. Bi et al. (27) per-
formed fetal echocardiography between 28 and 32 weeks
of gestation in 88 ART-conceived fetuses and 85 fetuses
conceived without ART. The ART-conceived fetuses ex-
hibited a larger and more globular left ventricle (LV), reduced
LV systolic deformation, and a larger right ventricle than
fetuses conceived without ART. Importantly, postnatal
follow-up at 0-2 months and 6 months after birth showed
no significant differences, suggesting early normalization
of these cardiac changes (27).

Valenzuela-Alcaraz et al. (20) followed 80 ART pregnan-
cies and 80 pregnancies conceived without ART from fetal
life to the age of 3 years. At age 3, ART children demonstrated
persistent cardiac remodeling with larger atria and more
globular ventricles, signs of systolic and diastolic dysfunc-
tion, elevated blood pressure, and thicker carotid walls (20).

Fertil Steril®

Similarly, Zhou et al. (15) reported that 4-year-old ART-
conceived children (n = 128) had higher LV relative wall
thickness, LV mass index, and LV remodeling index than
100 children conceived without ART, after adjustment for
age, sex, body surface area, and heart rate.

Childhood. Several studies have assessed cardiometabolic
outcomes in school-age ART children, with contrasting re-
sults across both cardiovascular and metabolic domains.

Cardiovascular outcomes. Multiple studies have docu-
mented elevated blood pressure in school-age ART children.
Cui et al. (22) reported significantly higher systolic blood
pressure (SBP: 1055 + 6.9 vs. 103.5 + 8.4 mmHg;
P<.001) and diastolic blood pressure (DBP: 67.2 + 5.6 vs.
62.2 + 6.3 mmHg; P<.001) in 382 ART-conceived children
aged 6-10 years compared with 382 children conceived
without ART. In contrast, Huang et al. (25) reported a modest
but significant reduction in SBP among 83 ART singleton
children compared with 1,095 children conceived without
ART (-3 mmHg, 95% confidence interval [CI]: -6 - 0.5).
Wang et al. (38) found no differences in blood pressure be-
tween 51 ART-conceived and 49 children conceived without
ART aged 6-12 years, although reporting lower carotid
intima-media thickness (cIMT) in the ART group.

Beyond blood pressure, structural and functional cardiac
abnormalities have been documented. Indeed, Cui et al. (22)
reported echocardiographic evidence of left ventricular sys-
tolic and diastolic dysfunction, with an increased risk of ven-
tricular abnormalities, and a significantly increased cIMT in
this same cohort (0.54 + 0.05 vs. 0.41 &+ 0.05 mm, P<.001).

Metabolic and anthropometric outcomes. Metabolic find-
ings during childhood were similarly heterogeneous across
studies. Cui et al. (21), evaluating 380 ART-conceived chil-
dren and 380 children conceived without ART, reported
significantly higher fasting glucose (5.06 + 0.37 vs. 4.57 +
0.55 mmol/L, P<.001), fasting insulin (48.4 & 23.6 vs. 37.0
+ 24.3 pmol/L, P<.001), and homeostatic model assessment
of insulin resistance (1.57 [95% CI: 1.01-2.33] vs. 1.06 [95%
CI: 0.69-1.64], P<.001), consistent with a trend toward
higher insulin resistance, although all parameters remained
within physiological ranges. Pancreatic 8-cell function, as-
sessed by homeostasis model assessment of beta-cell func-
tion, was significantly lower in ART children (88.7 [95%
CI: 64.0-130.6] vs. 105.1 [95% CI: 69.2-151.1], P<.001).
Regarding lipids, serum apolipoprotein A levels were signif-
icantly reduced in ART children (1.28 & 0.19 vs. 1.45 + 0.26
g/L, P<.001), whereas apolipoprotein B levels were not
significantly different (21).

However, the landmark multicohort study by Elhakeem
et al. (33), encompassing approximately 35,000 ART
offspring and 300,000 offspring conceived without ART
from 14 European and Australian cohorts followed from
birth to 26 years, found no robust long-term differences in
blood pressure, heart rate, triglycerides, or insulin resistance
traits. This study reported higher total cholesterol and low-
density lipoprotein (LDL)-cholesterol in ART offspring dur-
ing childhood, but these differences attenuated with age.
Similarly, higher adiposity was observed in ART children
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during childhood, but no significant differences persisted
into adulthood (33).

Adolescence. Cardiovascular differences observed in child-
hood appear to persist into adolescence, although findings
remain heterogeneous across studies.

Cardiovascular outcomes. Scherrer et al. (14) provided a
detailed vascular analysis in 11-year-old children (65 ART
singletons [21 IVF, 44 ICSI] vs. 57 non-ART singletons).
The flow-mediated dilation (FMD) was reduced by 25% in
ART children (6.7% =+ 1.6 vs. 8.6% =+ 1.7; P<.0001),
although endothelium-independent vasodilation was pre-
served, suggesting intact vascular smooth muscle function.
Pulse wave velocity (PWV), a marker of arterial stiffness,
was significantly higher in ART children, as was cIMT. Pul-
monary arterial pressure at high altitude (3,450 m) was
30% significantly higher in ART children, indicating
increased pulmonary vascular sensitivity to hypoxic stress.
In a sibling analysis including five pairs of children (one
ART and one non-ART), ART children consistently showed
lower FMD, higher pulmonary pressure, faster PWV, and
greater cIMT compared with their non-ART siblings (14).

Complementing these findings, Von Arx et al. (16)
compared echocardiographic measures in 54 ART-
conceived children and 54 children conceived without
ART, aged approximately 11 years, under normoxic and hyp-
oxic conditions at high altitude. No differences were detected
at low altitude; however, under high-altitude-induced pres-
sure overload and hypoxia, ART children had significantly
larger right ventricular end-diastolic area, impaired right
ventricular diastolic function, and elevated pulmonary arte-
rial pressure.

Similarly, Sciuk et al. (35) conducted a cohort study on
64 ART-conceived children and 83 children conceived
without ART, with a mean age of 13 years. Echocardio-
graphic assessment showed impaired diastolic function,
notably with a lower left ventricular ejection fraction
(63.63 £ 5.17% vs. 65.35 & 5.10%, P = .046). However, dif-
ferences were no longer significant after adjustment for age,
birthweight, and gestational age. No group differences were
observed in SBP or DBP, or heart rate, even after statistical
adjustment (35).

Meister et al. (18), in a smaller cohort of 54 ART-
conceived and 43 adolescents conceived without ART,
identified signs of premature vascular aging, including
significantly reduced FMD, increased PWV, and greater
cIMT. The ART-conceived adolescents also exhibited
significantly higher SBP (119.8 + 9.1 vs. 115.7 £+ 7.0
mmHg, P = .02) and DBP (71.4 + 6.1 vs. 69.1 + 4.2
mmHg, P = .03), as well as greater BP variability (18).

In contrast, Langer et al. (28) examined 67 ART-
conceived and 86 children conceived without ART (including
singletons and twins) at a mean age of 11 years and found no
significant differences in cardiac function or arterial stiffness
(PWYV). Similarly, Oberhoffer et al. (34) evaluated vascular
parameters (BP and cIMT), anthropometry, and metabolic
biomarkers in 66 ART-conceived and 86 children conceived
without ART of comparable age and found no significant dif-
ferences in vascular or metabolic parameters. Yeung et al.

(32) also reported no increased cardiometabolic risk among
children conceived after ART or ovulation induction (OI)
compared with children conceived without ART in 8- to
10-year-old children.

Kramer et al. (37) investigated cardiorespiratory fitness
and muscle strength in ART offspring from school age to
adolescence, finding that ART offspring potentially display
increased cardiovascular morbidity, with cardiorespiratory
fitness and muscle strength serving as key indicators of car-
diovascular outcomes. Two longitudinal studies from the
Australian national Growing Up Healthy Study cohort re-
ported largely reassuring results. Wijs et al. (31) performed
a multidimensional assessment including anthropometry,
BP, arterial stiffness, and health questionnaires in 163 ART
and 1,457 non-ART adolescents aged 13-21 years and found
no significant differences across most cardiovascular param-
eters. Similarly, Penova-Veselinovic et al. (30) analyzed the
same parameters at three different ages (14, 17, and 20 years)
in a cohort of 165 and 1,690 adolescents conceived with and
without ART, respectively, and did not observe any delete-
rious effects of ART on cardiovascular health. In a follow-
up study conducted by Ceelen (13) in the Netherlands,
cardiovascular outcomes in 225 IVF-conceived children vs.
225 children conceived without ART (aged 8-18 years)
were assessed. The IVF children had significantly higher
SBP and DBP (109 £ 11 vs. 105 + 10 mmHg, P<.001; and
61 £ 7 vs. 59 + 7 mmHg, P<.001, respectively).

Metabolic and anthropometric outcomes. Metabolic and
anthropometric differences in adolescence were reported
less consistently. Meister et al. (18) found no differences in
metabolic profiles between ART-conceived adolescents and
adolescents conceived without ART. Similarly, Penova-
Veselinovic et al. (30) reported no deleterious metabolic
effects associated with ART in a cohort of 165 ART-
conceived and 1,690 adolescents conceived without ART
assessed at ages 14, 17, and 20 years.

Ceelen et al. (12) conducted two studies comparing
anthropometric and metabolic outcomes in IVF-conceived
singletons and singletons conceived without ART aged 8-
18 years. In their first study involving 233 IVF-conceived
offspring and 233 offspring conceived without ART, anthro-
pometric measurements and dual-energy roentgenogram ab-
sorptiometry analyses performed in pubertal children (139
IVF and 143 non-ART) revealed a significantly higher pro-
portion of peripheral fat mass, lower subscapular-to-triceps
skinfold ratio, and greater peripheral fat and skinfold thick-
ness in IVF offspring, without differences in overall anthro-
pometric measures or central fat distribution (12). In the
second study (including 225 IVF and 225 non-ART children),
IVF offspring exhibited slightly but significantly higher fast-
ing glucose concentrations (5.0 & 0.4 vs. 4.8 4+ 0.4 mmol/L,
P<.005) and peripheral insulin resistance compared with
offspring conceived without ART (13). Oberhoffer et al. (34)
observed a significantly higher percentage of body fat in
ART children (19.30% [15.80%-26.02%] vs. 15.91%
[13.21%-21.00%], P = .007), despite the absence of differ-
ences in other vascular or metabolic biomarkers. Elsner
et al. (23) evaluated 272 ART-conceived and 273 adolescents
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conceived without ART and reported higher body weight
among boys conceived by ICSI (72.6 + 15.1 vs. 67.7 +
12.6 kg; P=.005) and lower high-density lipoprotein choles-
terol (HDL-C) levels among girls conceived by ICSI (HDL-C:
1.5+ 0.3 vs. 1.6 £ 0.3 mmol/L; P = .033). Although parental
adjustments attenuated these differences, they remained sig-
nificant (23). Sciuk et al. (35) found no group differences in
weight, height, body mass index (BMI), or body surface area.

Young adulthood and adulthood

Cardiovascular outcomes. In a Belgian cohort study, Belva
et al. (17) compared blood pressure measures in 126 young
adults conceived by ICSI and 133 peers conceived without
ART at 18-20 years of age. No significant differences were
observed between groups. Similarly, Juonala et al. (24) inves-
tigated cardiovascular health in 172 ART-conceived adults
and 78 controls aged 22-35 years using the American Heart
Association ideal cardiovascular health score, which incor-
porates seven metrics (BMI, BP, total cholesterol, fasting
glucose, diet, physical activity, and smoking), together with
vascular imaging. The investigators found no alterations in
cardiovascular risk profile or evidence of atherosclerosis
associated with ART conception (24).

Langer et al. (29) evaluated vascular function, BP, and
anthropometric parameters in young adults aged 22 years
(16 ART, including 9 IVF and 7 ICSI vs. 22 non-ART). Despite
the limited sample size, findings were comparable between
groups (29).

Halliday et al. (19) followed 193 ART-conceived adults
and 86 adults conceived without ART (mean age, 27 years)
and found no evidence of increased cardiovascular risk after
comprehensive vascular and respiratory assessment.

Similarly, the multicohort study by Elhakeem et al. (33)
reported no significant differences in blood pressure or heart
rate between ART-conceived and non-ART-conceived
young adulthood up to 26 years of age. This large-scale anal-
ysis provides the most comprehensive evidence to date, sug-
gesting that many of the cardiovascular differences observed
in childhood and adolescence do not translate into clinically
significant abnormalities in young adulthood (33).

In contrast, Norrman et al. (26) reported a modest but sig-
nificant increase in the risk of cardiovascular disease among
122,429 ART-conceived offspring compared with 7,574,685
offspring conceived without ART in a large Nordic registry-
based study (mean age 8.6 years, range 0-25 years). Howev-
er, after adjustments, only the risk of obesity was still signif-
icant (aHR 1.14, 95% CI: 1.06-1.23).

Metabolic and anthropometric outcomes. Metabolic and
anthropometric differences in young adulthood were re-
ported in some cohorts. In young adulthood, Belva et al.
(17) reported lower mean HDL-C concentrations in ICSI-
conceived men compared with controls. However, Wijs
et al. (31) and Juonala et al. (24) did not observe significant
differences across most metabolic or anthropometric pa-
rameters. Similarly, the multicohort study by Elhakeem
et al. (33) found no significant differences in triglycerides
or insulin resistance between ART and non-ART offspring
in young adulthood. Finally, Halliday et al. (19) followed
193 ART-conceived and 86 non-ART adults (mean age 27
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years) and did not identify increased metabolic risk in the
ART group.

Global synthesis — conception with ART vs. without the
assistance of ART. Across the developmental trajectory
from fetal life to young adulthood, ART-conceived offspring
exhibit a pattern of mild cardiovascular remodeling that ap-
pears most pronounced from the fetal period through adoles-
cence. Fetal echocardiography studies consistently report
larger and more globular ventricles, increased myocardial
wall thickness, and subtle functional alterations detectable
in utero, with persistence into early childhood despite evi-
dence of partial postnatal normalization in some cohorts.
During childhood and adolescence, several studies describe
elevated blood pressure, impaired endothelial function,
increased arterial stiffness, greater cIMT, and enhanced pul-
monary vascular reactivity to hypoxia, supporting the
persistence of early vascular alterations, although findings
remain heterogeneous. In contrast, metabolic disturbances,
including alterations in glucose homeostasis, lipid profiles,
and adiposity, are less consistently observed and appear to
vary according to population and age. Importantly, the large
multicohort study by Elhakeem et al. (33) provides reassuring
evidence that many cardiometabolic differences, particularly
those related to cholesterol levels and adiposity, attenuate
with age, with no robust differences in blood pressure, heart
rate, or insulin resistance observed in young adulthood.
Nevertheless, registry-based studies continue to suggest a
small but significant increase in cardiovascular disease diag-
noses among ART-conceived individuals, supporting the
need for continued long-term follow-up.

Fertilization method: IVF vs. ICSI

For this question, a total of seven studies were analyzed,
detailed in the Supplemental Table 3, and synthesized in
the Figure 3 (26, 40-45).

Fetal period, neonatal period, and early childhood. No
studies specifically compared fetal or neonatal cardiovascu-
lar outcomes between IVF and ICSI offspring during this
developmental period.

Childhood

Cardiovascular outcomes. Belva et al. (40) compared 150
ICSI children and 147 children conceived without the assis-
tance of ART at age 8 years and found no differences in
weight, height, or head circumference, but significantly
higher median DBP (60 [45-75] vs. 55 [35-80], P<.0001)
and SBP (100 [80-125] vs. 95 [70-120], P = .0007) in ICSI
children compared with controls. Among the IVF vs. ICSI
comparison specifically, Zhang et al. (45) conducted a large
prospective cohort study of 4,748 ICSI and 9,448 IVF male
singleton offspring aged 0-11 years and found that offspring
born to normal-weight fathers via ICSI displayed lower SBP
compared with IVF offspring.

Metabolic and anthropometric outcomes. Zhang et al. (45)
found that ICSI was associated with lower fasting glucose
(z-score adjusted mean difference [MD] —0.13, 95% CI:
—0.23-—0.03), lower total cholesterol (adjusted MD —0.13,
95% CI: —0.23-—0.02), and lower LDL-cholesterol (adjusted
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FIGURE 3

Fertilization method: Cardiovascular features
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MD -0.12, 95% CI: —0.22-—0.01) compared with IVF
offspring. These associations were modified by paternal
BMI: offspring of overweight/obese fathers via ICSI showed
lower fasting glucose, total cholesterol, and LDL-cholesterol
compared with IVF offspring (45). Laugesen et al. (44) found
no association between ICSI vs. conventional IVF and BMI
at age 5-8 years in a large Danish cohort of 13,675 ART
children.

Adolescence

Cardiovascular outcomes. Belva et al. (41) found no signif-
icant differences in resting blood pressure between adoles-
cents conceived by ICSI or without ART at age 14 years,
regardless of sex. Similar findings were observed in a smaller

subgroup assessed during stress-induced continuous blood
pressure monitoring (41).

Metabolic and anthropometric outcomes. Belva et al. (42)
assessed 217 adolescents conceived by ICSI and 223 adoles-
cents conceived without ART at age 14 years. Pubertal girls
conceived by ICSI exhibited greater central, peripheral, and
total adiposity, whereas pubertal boys conceived by ICSI
had a higher sum of peripheral skinfolds than boys conceived
without ART (difference 3.5 mm, 95% CI: 0.3-6.6) (42).

Young adulthood and adulthood

Cardiovascular outcomes. Catford et al. (43) compared 121
men conceived by ICSI (18-24 years), 74 conceived by IVF
(25-30years), and 688 conceived without ART (19-21 years).
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Men conceived by ICSI had higher DBP than those conceived
without ART (3 4.9, 95% CI: 1.1-8.7) (43). Norrman et al. (26)
found that ICSI was not associated with higher cardiovascu-
lar disease risk vs. IVF (aHR 1.01, 95% CI: 0.84-1.21) or

obesity (aHR 0.99, 95% CI: 0.90-1.09) in a large Nordic
registry-based study.

Metabolic and anthropometric outcomes. Catford et al. (43)
further reported that ICSI-conceived men had lower fasting

FET vs. Fresh-ET: Cardiovascular features
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glucose (8 —0.7, 95% CI: —0.9-—0.5), higher fasting insulin
(ratio 2.2, 95% CI: 1.6-3.0), higher homeostatic model
assessment of insulin resistance (ratio 1.9, 95% CI: 1.3-
2.6), higher HDL-C (8 0.2, 95% CI: 0.07-0.3), and lower
high-sensitivity C-reactive protein (ratio 0.4, 95% CI: 0.2-
0.6) compared with men conceived without ART. When
comparing ICSI-conceived with IVF-conceived men directly,
ICSI was associated with lower fasting glucose (8 —0.4, 95%
CI: —0.7-—0.1) (43).

Global synthesis — IVF vs. ICSI. Comparisons between IVF
and ICSI offspring reveal a complex and age-dependent car-
diometabolic profile. During childhood, ICSI-conceived chil-
dren exhibit higher blood pressure than offspring conceived
without ART, although this difference does not appear to
persist into adolescence. In contrast, metabolic differences
associated with ICSI show greater consistency across devel-
opmental stages, with several studies reporting lower fasting
glucose and lipid levels from childhood to young adulthood,
particularly in males and in the context of paternal obesity.
However, young adult men conceived by ICSI may exhibit
higher insulin levels and increased insulin resistance, sug-
gesting compensatory hyperinsulinemia. Anthropometric
differences are generally not observed during childhood,
although increased adiposity and sex-specific alterations in
fat distribution have been described during adolescence,
particularly in pubertal girls. Overall, registry-based studies
provide reassuring evidence that ICSI is not associated with
increased risks of cardiovascular disease or obesity compared
with conventional IVF.

Embryo transfer modality: FET vs. fresh embryo
transfer

For this question, a total of 11 studies were analyzed, detailed
in the Supplemental Table 4, and synthesized in Figure 4
(26, 44, 46-54).

Fetal period, neonatal period, and early childhood
Cardiovascular outcomes. Boutet et al. (46) performed fetal
echocardiography at 28-33 weeks of pregnancy in 100 fresh-
ET fetuses, 100 FET fetuses, and 100 fetuses conceived
without ART. Both fresh-ET and FET fetuses showed signs
of cardiac remodeling and suboptimal cardiac function
compared with fetuses conceived without ART, with more
pronounced changes after fresh-ET than FET (46). Specif-
ically, both groups exhibited larger atria, more globular ven-
tricles, and thicker myocardial walls than fetuses conceived
without ART, with reduced tricuspid annular systolic peak
velocity and increased left myocardial performance index
(46).

Metabolic and anthropometric outcomes. Ageheim et al.
(51) conducted a large Swedish registry-based study of
10,970 fresh-ET, 6,520 FET, and 178,518 pregnancies
conceived without ART. At 40 weeks, estimated fetal weight
was lower after fresh-ET (—1.1%, 95% CI: —1.4-—0.8) and
higher after FET (+2.1%, 95% CI: 1.7-2.6) than in pregnan-
cies conceived without ART (51). Fresh-ET was associated
with higher risk of small for gestational age (adjusted odds

ratio [aOR] 1.65, 95% CI: 1.33-2.04) and lower risk of large
for gestational age (aOR 0.66, 95% CI: 0.56-0.79) and macro-
somia (aOR 0.59, 95% CI: 0.48-0.73) compared with FET (51).

Dong et al. (50) assessed the metabolic profiles in 89 of
the 147 children initially recruited, aged 1-5 years,
conceived after FET or without ART. Children conceived after
FET had lower fasting insulin levels and higher fasting
glucose than those conceived after fresh-ET or without
ART, suggesting a distinct early metabolic profile in FET
offspring (50).

Childhood

Cardiovascular outcomes. Mizrak et al. (47) assessed 50
fresh-ET, 50 FET, and 50 non-ART-conceived children
aged 8-9 years using cardiac magnetic resonance imaging
and found no differences in cardiovascular function,
including arterial stiffness, between fresh-ET and FET
groups.

Zhang et al. (49) compared fresh-ET and FET offspring
aged 4-11 years born to mothers with overweight/obesity
vs. normal weight. In offspring born to mothers with over-
weight/obesity, FET was associated with higher blood pres-
sure (z-score adjusted MD 0.16, 95% CI: 0.02-0.29)
compared with fresh-ET (49).

Metabolic and anthropometric outcomes. Laugesen et al.
(44) reported that FET was associated with a 1.5-fold
increased risk of obesity at age 5-8 years compared with
fresh-ET in a Danish cohort of 13,675 ART children
(11,591 fresh-ET, 1,695 FET). Norrman et al. (26) found no
association of FET with increased risk of obesity in adjusted
analyses in a large Nordic registry-based study.

Asserhgj et al. (52) examined 203 fresh-ET, 200 FET, and
203 non-ART-conceived children aged 7-10 years. No dif-
ferences in anthropometry or lipid profiles were observed be-
tween groups, except that FET-conceived girls had
significantly higher weight (standard deviation scores
[SDS] 0.35, 95% CI: 0.03-0.67) and height (SDS 0.43, 95%
CI: 0.11-0.76) than girls conceived without ART (52).

Olsen et al. (54) assessed 50 fresh-ET, 50 FET, and 50
non-ART-conceived children aged 7-10 years and found a
significantly lower visceral-to-subcutaneous adipose tissue
(VAT/SAT) ratio in the FET group than in the group of chil-
dren conceived without ART (mean difference —0.04, 95%
Cl: —0.07-—0.01), suggesting a slightly more favorable fat
distribution. No differences in BMI, fat mass, waist-to-hip ra-
tio, or inflammation (high-sensitivity C-reactive protein)
were observed (54).

Zhang et al. (49) additionally found that in offspring
born to mothers with overweight/obesity, FET was associated
with higher BMI (z-score adjusted MD 0.17, 95% CI: 0.04-
0.30) and higher metabolic scores (0.54, 95% CI: 0.15-0.94)
compared with fresh-ET. In offspring born to mothers with
normal weight, FET was associated with lower LDL-
cholesterol (—0.12, 95% CI: —0.22-—0.02).

Adolescence

Cardiovascular outcomes. Mizrak et al. (48) assessed cardio-
vascular autonomic nervous function by evaluating heart
rate variability in 38 fresh-ET, 34 FET, and 33 non-ART-
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conceived children aged 8-12 years. Heart rate variability at
rest was lower in both ART groups than in children conceived
without ART, but no differences were observed during phys-
iological stress or between fresh-ET and FET offspring (48).

Metabolic and anthropometric outcomes. Terho et al. (53)
conducted a large Swedish registry-based study of 2,933
fresh-ET, 1,825 FET, and 31,136 non-ART-conceived single-
tons aged 7-18 years. The FET boys had higher BMI and
increased odds of overweight than fresh-ET boys (aOR
1.14, 95% CI: 1.02-1.27), whereas girls showed similar
anthropometric measures across groups, with slightly lower
odds of overweight in the FET group than among those
conceived without ART (aOR 0.89, 95% CI: 0.80-0.99) (53).

Young adulthood and adulthood. No studies specifically
compared cardiometabolic outcomes between fresh-ET and
FET offspring in young adulthood or adulthood.

Global synthesis — fresh embryo transfer vs. FET. Fresh-ET
and FET offspring exhibit distinct cardiovascular, growth,
and metabolic profiles across development. Both modalities
are associated with fetal cardiac remodeling and functional
alterations compared with fetuses conceived without ART,
with more pronounced changes reported after fresh-ET.
Growth trajectories also differ, with fresh-ET associated
with lower birth weight and increased risk of small for gesta-
tional age, whereas FET is consistently associated with
higher birth weight and increased risk of large for gestational
age. Beyond the fetal period, cardiovascular function appears
broadly similar between fresh-ET and FET offspring. In
contrast, anthropometric and metabolic findings remain het-
erogeneous. Several studies report higher BMI and obesity
risk in FET offspring, particularly among boys and children
of mothers with overweight or obesity, whereas others report
no differences or a more favorable fat distribution. Early
metabolic differences, including lower fasting insulin levels,
have also been described in FET children. Overall, these find-
ings suggest complex interactions between embryo cryo-
preservation, the endometrial environment, sex-specific
factors, and maternal metabolic status in shaping offspring
metabolic programming, although their persistence into
adulthood remains uncertain.

Preimplantation genetic testing

For this question, a total of four studies were analyzed,
detailed in the Supplemental Table 5 (55-58).

Fetal period, neonatal period, and early childhood. No
studies specifically assessed cardiovascular or metabolic out-
comes in fetuses or neonates conceived after PGT during this
developmental period.

Childhood. Zhao et al. (57) conducted a large prospective
cohort study comparing 269 ICSI-PGT, 311 ICSI, and 687
IVF singletons aged 1-5 years. No significant differences in
physical development, blood pressure, thyroid function, or
glucose and lipid metabolism were observed between PGT
and non-PGT children in either the overall population or
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subgroups, after controlling for confounding factors and
correcting for multiple comparisons (57). Similarly, Seggers
et al. (58) found no differences in blood pressure or anthro-
pometric measures at age 4 years between children conceived
after cleavage-stage PGT (n = 49) and those conceived after
ICSI alone (n = 64).

Heijligers et al. (56) assessed 103 ART-PGT children
(mainly PGT for monogenic disorders [PGT-M]), 90 ART chil-
dren, and 58 non-ART-conceived children at age 5 years and
found similar growth and health outcomes across groups.

Belva et al. (55) compared 87 children conceived after
ICSI-PGT (PGT-M and PGT for structural rearrangements
[PGT-SR]) with 87 children conceived after ICSI at age 6
years and found no differences in anthropometric measures
or blood pressure.

Adolescence. No studies specifically assessed cardiovascu-
lar or metabolic outcomes in adolescents conceived after
PGT.

Young adulthood and adulthood. No studies specifically as-
sessed cardiovascular or metabolic outcomes in young adults
or adults conceived after PGT.

Global synthesis — PGT. Available childhood data suggest
that PGT is not associated with adverse cardiometabolic out-
comes, with similar growth, blood pressure, and metabolic
profiles observed across PGT, ART, and non-ART groups.
Long-term follow-up into adolescence and adulthood is still
required.

Ovarian stimulation

Four studies addressed this question: two evaluated the
impact of ovarian hyperstimulation syndrome (OHSS) (59),
whereas two compared multifollicular stimulation with nat-
ural cycles (60, 61). Detailed characteristics of these studies
are provided in Supplemental Table 6.

Fetal period, neonatal period, and early childhood. No
studies specifically assessed cardiovascular or metabolic out-
comes in fetuses or neonates in relation to ovarian stimula-
tion intensity during this developmental period.

Childhood. Zhu et al. (59) compared 1,780 ART-conceived
children aged 3-6 years and 83 children conceived without
ART, stratified according to OHSS status and embryo transfer
type (i.e., fresh-ET and FET). Children conceived after OHSS-
fresh-ET had higher SBP (adjusted MD 3.193, 95% CI: 0.549-
2.301) and DBP (adjusted MD 3.440, 95% CI: 0.611-2.333)
than those conceived after non-OHSS-fresh-ET, whereas
no blood pressure differences were observed between non-
OHSS-FET and non-0OHSS-fresh-ET groups (59). No adverse
impact of OHSS on metabolic outcomes (glucose, lipids, BMI,
and thyroid function) was observed (59).

Xu et al. (62) assessed 42 OHSS-IVF, 34 non-OHSS-IVF,
and 48 children conceived without ART at age 4.5 years.
Compared with both control groups, OHSS-IVF children ex-
hibited impaired cardiac and vascular parameters, including
a lower mitral E/A ratio (an echocardiographic marker of
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impaired left ventricular diastolic function), smaller carotid
artery diameters, and reduced FMD, whereas blood pressure
and arterial stiffness were similar across groups.

Seggers et al. (61) reported higher SBP at age 4 years
among 60 children conceived after controlled ovarian hyper-
stimulation compared with 47 conceived after modified nat-
ural cycle IVF/ICSI (regression coefficient B = 14.09, 95% CI:
5.39-22.79), whereas DBP and anthropometric measures
were similar between groups. In contrast, Kuiper et al. (60)
found no differences in blood pressure, heart rate, or anthro-
pometric measures at age 9 years among 57 children
conceived after controlled ovarian hyperstimulation, 47
conceived after modified natural cycle IVF/ICSI, and 66
conceived without ART by subfertile couples.

Adolescence. No studies specifically assessed cardiovascu-
lar or metabolic outcomes in adolescents in relation to
ovarian stimulation.

Young adulthood and adulthood. No studies specifically as-
sessed cardiovascular or metabolic outcomes in young adults
or adults in relation to ovarian stimulation.

Global synthesis — ovarian stimulation. Evidence regarding
the impact of ovarian stimulation on offspring cardiometa-
bolic health remains limited to childhood cohorts. Available
studies suggest that severe OHSS, particularly when associ-

ated with fresh-ET, may be linked to higher blood pressure
and vascular alterations, including impaired endothelial
function. However, these findings have not been consistently
replicated, and metabolic outcomes appear largely unaf-
fected. The underlying mechanisms remain uncertain but
may involve the altered hormonal environment during early
embryonic development or placental dysfunction. Further
long-term studies are needed to determine whether vascular
alterations observed in OHSS-exposed offspring persist into
adolescence and adulthood and confer increased cardiovas-
cular risk.

Parental infertility

For this question, a total of five studies were analyzed,
detailed in the Supplemental Table 7, and synthesized in
the Figure 5 (63-67).

Fetal period, neonatal period, and early childhood
Cardiovascular outcomes. Boutet et al. (65) performed fetal
echocardiography at 29-34 weeks in 96 IVF fetuses (fresh-
ET), 97 fetuses conceived without ART from subfertile cou-
ples, and 96 fetuses conceived without ART from fertile
couples. No differences in cardiac structure or function
were observed between the two groups conceived without
ART (65).

Subfertile vs. Fertile couples: Cardiovascular features
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Metabolic and anthropometric outcomes. No studies spe-
cifically assessed metabolic or anthropometric outcomes in
fetuses or neonates in relation to parental infertility during
this developmental period.

Childhood

Cardiovascular outcomes. Pontesilli et al. (63) reported
higher DBP assessed at age 5-6 years among 333 children
of subfertile couples (34 conceived after OI 51 after intrauter-
ine insemination, 28 after IVE/ICSI, and 220 without ART)
compared with 2,244 children of fertile couples (adjusted dif-
ference 1.4 mmHg, 95% CI: 0.6-2.3).

Kuiper et al. (64) assessed 149 children of subfertile cou-
ples (61 conceived without ART and 88 conceived after IVF
with or without controlled ovarian hyperstimulation) and
277 children of fertile couples at age 9 years. Parental subfer-
tility was associated with higher SBP (adjusted difference
+8.10 mmHg, 95% CI: 2.10-14.20) and DBP (adjusted differ-
ence +7.31 mmHg, 95% CI: 1.56-13.07). Similar findings
were observed when analyses were restricted to children of
subfertile couples conceived without ART (64).

Metabolic and anthropometric outcomes. Pontesilli et al.
(63) additionally found higher fasting glucose levels in OI
and IVF/ICSI children compared with children of fertile cou-
ples (adjusted difference: OI 0.4 mmol/L, 95% CI: 0.2-0.6;
IVF/ICSI 0.2 mmol/L, 95% CI: 0.0-0.5). No differences in
anthropometry were observed between the two groups.

Adolescence and young adulthood

Cardiovascular outcomes. Herndez et al. (66) pooled data
from three European prospective birth cohorts (Portugal,
Netherlands, UK), including 13,217 offspring of fertile cou-
ples with 1,392 offspring of subfertile couples, all conceived
without ART. Parental subfertility was associated with higher
SBP at age 17 years (adjusted difference 0.93 mmHg, 95% CI:
0.044-1.81), although this difference attenuated with age
(66). By age 25 years, higher DBP (adjusted difference 1.21
mmHg, 95% CI: 0.003-2.43) and a trend toward higher
LDL-cholesterol (4.07%, 95% CI: —0.79-8.93) were observed
among offspring of subfertile couples (66).

Weng et al. (67) conducted a large population-based
cohort study in Taiwan of children aged 0-13 years and
found that parental fertility status and IVF use were indepen-
dently associated with risk of pediatric cardiovascular dis-
ease. Children of subfertile couples had higher
cardiovascular diagnoses regardless of ART use (67).

Metabolic and anthropometric outcomes. Herndez et al.
(66) additionally found that by age 17 years, offspring of
subfertile couples had higher waist circumference (adjusted
difference 1.05 cm, 95% CI: 0.11-1.99). By age 25 years,
parental subfertility was associated with higher BMI (differ-
ence in mean predicted levels 1.09 kg/mz, 950/ CI: 0.68-1.50)
(66).

Young adulthood and adulthood. The findings from
Herndez et al. (66) at age 25 years, described above, represent
the most comprehensive evidence regarding the effects of
parental infertility on offspring cardiometabolic health in
young adulthood, with higher BMI, elevated DBP, and a trend
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toward higher LDL-cholesterol in offspring of subfertile
couples.

Global synthesis — parental infertility. Parental subfertility
appears to contribute independently to cardiometabolic
risk from childhood to young adulthood. In contrast, fetal
cardiac remodeling and functional impairments observed
in IVF fetuses are not detected in fetuses conceived without
ART from subfertile couples, suggesting that these early car-
diac alterations are primarily attributable to ART procedures
rather than parental infertility itself. From childhood on-
ward, however, parental subfertility is associated with higher
blood pressure and fasting glucose levels regardless of
conception mode, supporting an independent contribution
of infertility-related factors to offspring cardiometabolic
health. These differences may persist into adolescence and
young adulthood, with reports of higher BMI, waist circum-
ference, DBP, and LDL-cholesterol. Registry-based studies
further support an association between parental fertility sta-
tus and offspring cardiovascular disease risk (36). Collec-
tively, these findings emphasize the importance of
including offspring conceived without ART from subfertile
couples as a comparator group to disentangle the respective
contributions of ART procedures and parental background
factors. The underlying mechanisms remain uncertain but
may involve genetic susceptibility, epigenetic alterations,
or adverse intrauterine environments related to parental
metabolic or endocrine dysfunction.

DISCUSSION

In contrast to previous quantitative syntheses that primarily
aimed to estimate the overall cardiometabolic risk associated
with ART, the present review sought to provide a more inte-
grated developmental perspective of cardiometabolic health
across the lifespan. This systematic review used a narrative
and mechanism-oriented synthesis to explore whether spe-
cific developmental periods may represent heightened win-
dows of susceptibility and to provide a more nuanced
interpretation of the respective contributions of ART proced-
ures, including fertilization method, embryo freezing, em-
bryo biopsy, or OHSS, and underlying parental infertility in
shaping offspring cardiometabolic trajectories.

Overall, the findings reveal a complex and age-
dependent pattern: subtle cardiovascular differences,
including mild cardiac remodeling, modestly elevated blood
pressure, and early endothelial dysfunction, are more
frequently reported from fetal life through adolescence,
whereas metabolic differences such as insulin resistance
and adiposity remain inconsistently observed across studies.
By adulthood, most parameters appear to normalize, with
limited evidence of persistent cardiometabolic abnormalities.
Importantly, most observed cardiovascular and metabolic
differences remain within normal physiological ranges,
raising the question of whether these subtle alterations are
sufficient to result in clinically significant disease later in
life. Although developmental programming mechanisms
provide a plausible biological explanation for these findings,
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their pathological relevance later in life remains uncertain.
Similar alterations have also been reported among offspring
of subfertile parents conceived without ART, highlighting
the contribution of parental infertility to the observed
associations.

Overall, the findings regarding blood pressure are
broadly aligned with the recent meta-analysis by Yeung
et al. (68), although also highlighting the complexity and
heterogeneity of cardiovascular phenotypes observed after
ART. Although Yeung et al. (32) did not identify a statisti-
cally significant overall increase in SBP or DBP among
ART-conceived offspring, the investigators themselves
emphasized substantial heterogeneity across studies,
including differences in blood pressure measurement proto-
cols, ART populations, and longitudinal follow-up strategies.
In addition, subgroup analyses according to embryo transfer
strategy (fresh-ET vs. FET) could not be adequately explored
because many studies did not specify the proportion of fresh
vs. frozen transfers. Several independent cohorts neverthe-
less consistently reported higher blood pressure values in
ART offspring. Importantly, most reported blood pressure
differences were modest in magnitude, which may reduce
the ability of pooled analyses to detect subtle but biologically
meaningful effects. Moreover, aggregation of heterogeneous
ART procedures, embryo transfer strategies, developmental
periods, parental infertility etiologies, and age groups at
assessment may dilute specific vulnerable phenotypes or
age-dependent susceptibility patterns. This may be particu-
larly relevant given that the present review specifically
aimed to explore developmental trajectories and
procedure-specific contexts, including fertilization method,
embryo freezing, embryo biopsy, OHSS, and underlying
parental infertility. Thus, the absence of a significant pooled
effect should not necessarily be interpreted as evidence for
the complete absence of cardiovascular programming differ-
ences after ART.

The age-dependent nature of observed differences may
partly explain these discrepancies and represents a major
finding of the present review. Fetal and childhood studies
more frequently report cardiovascular alterations, whereas
adult studies are generally reassuring. This pattern may
reflect developmental plasticity and compensatory mecha-
nisms that normalize cardiovascular function over time.
Alternatively, it may reflect differences in study design,
sample size, or outcome measurement between pediatric
and adult studies. Longer follow-up into middle and older
adulthood is needed to determine whether early-life differ-
ences predict later cardiovascular disease. Although these
differences tend to attenuate with age, their clinical rele-
vance warrants careful consideration. As highlighted by
Guo et al. (69), even modest increases in blood pressure dur-
ing childhood may translate into a substantial increase in
the population-level risk of stroke and coronary heart dis-
ease in adulthood.

It is also possible that early cardiovascular alterations
reflect developmental adaptations or transient vascular re-
modeling phenomena that may not necessarily persist as
overt hypertension in adulthood, but could still influence
long-term cardiovascular susceptibility.

Several mechanisms may underlie observed associations
between ART and offspring cardiometabolic health.

Our review found no consistent evidence that ICSI con-
fers additional cardiometabolic risk beyond standard IVF.
This is reassuring, given the widespread use of ICSI and the
more invasive nature of the procedure compared with con-
ventional IVF. Fresh-ET after ovarian hyperstimulation was
occasionally associated with higher childhood blood pres-
sure, whereas FET offspring generally exhibited normal car-
diometabolic parameters. These findings suggest that the
supraphysiological estrogen and progesterone levels during
fresh embryo transfer may influence fetal programming,
and offspring cardiovascular development, although more
research is needed. Current evidence remains insufficient to
determine the potential impact of endometrial preparation
protocols during FET, including hormonally substituted
(hormone replacement therapy/programmed) vs. natural-
cycle FET, on long-term offspring cardiometabolic health.
Although some signals, such as higher birth weight or an
increased likelihood of large for gestational age infants,
have been observed in programmed cycles (52), long-term
follow-up data are still scarce.

The study assessing PGT safety at the blastocyst stage
found no significant metabolic differences in offspring
born from biopsied embryos, which is reassuring (57). Preim-
plantation genetic testing deserves special consideration as a
potential confounder. It is frequently performed in fertile
couples who undergo ART primarily for genetic testing pur-
poses (e.g., carriers of monogenic disorders or chromosomal
translocations) rather than because of infertility, as was the
case in two (55, 56) of the three studies included in our re-
view. This creates a unique comparison group that differs
fundamentally from typical ART patients. Couples undergo-
ing PGT may have normal fertility, younger maternal and
paternal age, and different genetic backgrounds compared
with infertile couples undergoing standard IVF/ICSI (56).
Therefore, studies comparing PGT offspring with standard
ART offspring may reflect differences in parental character-
istics rather than effects of embryo biopsy per se. This “con-
founding by indication” complicates the interpretation of
PGT safety data.

A major strength of this review is the inclusion of studies
involving offspring of subfertile parents conceived without
ART. The similarity of their cardiometabolic profiles to those
of ART-conceived offspring suggests that parental infertility
itself contributes to offspring phenotype. Parental infertility
is associated with multiple factors that may independently
affect offspring health. Subfertile couples are older on
average, have higher rates of metabolic syndrome, obesity,
and cardiovascular disease, and may carry genetic or epige-
netic variants related to both infertility and cardiometabolic
risk (70-72). Polyendocrine metabolic ovarian syndrome,
formerly referred to as polycystic ovary syndrome , a
common cause of infertility, is itself associated with insulin
resistance and cardiovascular risk, which may be
transmitted to offspring through genetic, epigenetic, or
intrauterine mechanisms (73).

Including offspring of subfertile parents conceived
without ART as a comparator group is essential to distinguish
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procedure-related effects from parental background factors.
Failure to account for parental subfertility may overestimate
the contribution of ART procedures, a methodological chal-
lenge increasingly recognized in ART offspring research (74).

Although observational human studies cannot establish
causality, experimental animal models provide important
mechanistic insights into the biological pathways potentially
linking ART procedures with long-term cardiometabolic
health. These models are particularly informative because
they allow control for parental infertility, standardization
of ART procedures, and longitudinal assessment throughout
the lifespan. They therefore offer a valuable framework for
interpreting the subtle cardiovascular and metabolic differ-
ences observed in ART-conceived offspring. The biological
plausibility of these associations is reinforced by the fact
that ART procedures occur during critical windows of embry-
onic development and epigenetic reprogramming. Experi-
mental studies have shown that ovarian stimulation,
embryo culture conditions, cryopreservation, and embryo
manipulation can influence deoxyribonucleic acid (DNA)
methylation patterns, gene expression, placental develop-
ment, and offspring physiology (3). In humans, ART has
been associated with an increased risk of certain
imprinting-related disorders, including neonatal diabetes
mellitus (75), suggesting that early developmental perturba-
tions may have long-term consequences.

Consistent with the Developmental Origins of Health and
Disease paradigm, several animal studies have demonstrated
cardiovascular alterations after ART. Rexhaj et al. (76) re-
ported endothelial dysfunction, arterial hypertension in
IVE-conceived mice, together with dysmethylation of the
endothelial nitric oxide synthase (eNOS) promoter . Under
a high-fat diet challenge, these abnormalities were associ-
ated with a 25% reduction in lifespan. The investigators pro-
posed that these alterations could be related to the embryonic
environment, potentially resulting from the combined effects
of ovarian stimulation and ART procedures. Further support-
ing a vascular origin of these phenotypes, Meister et al. (77)
demonstrated hypomethylation of the Af1bR promoter, re-
sulting in an increased AT1R/AT2R ratio and enhanced
vascular responsiveness to angiotensin II, suggesting that
altered renin-angiotensin signaling may represent an impor-
tant mechanism contributing to ART-induced hypertension
in mice.

Cardiac alterations have also been reported. Wang et al.
(78) observed sustained upregulation of genes involved in
renin-angiotensin signaling and extracellular matrix re-
modeling (AGTR1, CTGF, and COL3), accompanied by persis-
tent micro ribonucleic acid (microRNA) dysregulation and
altered DNA methylation patterns. More recently, Zhang
et al. (5) reported left ventricular hypertrophy associated
with elevated SBP in IVF-conceived mice. Notably, these
structural cardiac differences diminished with advancing
age, suggesting that some ART-associated cardiovascular al-
terations may be transient and age-dependent rather than
progressive. Experimental evidence also supports long-
term metabolic effects, although these appear to be strongly
influenced by environmental exposures. Cerny et al. (79) re-
ported normal glucose tolerance and insulin sensitivity in
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ART-conceived mice under standard dietary conditions,
whereas a high-fat diet unmasked exaggerated obesity, hy-
perinsulinemia, and insulin resistance. These findings sug-
gest that ART-related biological alterations may remain
clinically silent under physiological conditions and become
apparent only when additional metabolic stressors are
encountered later in life.

Taken together, these experimental data provide mecha-
nistic support for the vascular, cardiac, and metabolic differ-
ences reported in human ART-conceived offspring and
identify altered programming of the nitric oxide pathway,
the renin-angiotensin system, and epigenetic regulatory net-
works as plausible biological mechanisms. Importantly,
several animal studies suggest that cardiovascular pheno-
types evolve across the lifespan, with early structural abnor-
malities partially resolving with age despite evidence of
persistent molecular and vascular alterations.

This observation closely mirrors the age-dependent
pattern observed in the clinical literature summarized in
the present review, where cardiovascular differences are
most consistently reported during fetal life, childhood, and
adolescence, whereas studies conducted in young adults
generally describe more reassuring cardiometabolic profiles.
The convergence of experimental and clinical data therefore
supports the hypothesis that at least some ART-associated
cardiovascular differences may represent developmental ad-
aptations established during early life rather than progres-
sive cardiovascular pathology. Nevertheless, whether these
early-life alterations remain clinically benign or influence
susceptibility to cardiovascular disease later in adulthood re-
mains uncertain and warrants continued long-term follow-
up.

Several large-scale registries and cohort studies are
ongoing and will provide valuable long-term data on ART
offspring health. The European Register of Children
conceived by Assisted Reproduction (EuReCa) and national
ART registries in countries such as Denmark, Sweden, and
Australia are collecting comprehensive health data on ART
offspring. These registries will enable assessment of cardio-
vascular and metabolic outcomes into middle and older
adulthood, when clinical disease typically manifests. Linkage
of ART registries with national health databases will also
allow assessment of hard clinical endpoints (myocardial
infarction, stroke, diabetes) rather than surrogate markers.

Limitations

This review has several limitations. First, marked heteroge-
neity across studies in design, ART modalities, offspring
ages, outcome definitions, and measurement methods pre-
cluded meta-analysis. Second, most studies had small to
moderate sample sizes and variable follow-up durations,
limiting statistical power and long-term conclusions. Third,
incomplete adjustment for confounders, particularly
parental infertility status, socioeconomic status, and lifestyle
factors, limits causal inference. Fourth, most studies focused
on childhood and adolescence; adult data remain scarce.
Fifth, restriction to English-language publications may
introduce language bias. Sixth, although the NOS
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demonstrated high overall study quality (mean score 7.9/9;
72% Good), we did not apply a formal grading of recommen-
dations, assessment, development, and evaluations assess-
ment of evidence certainty, which limits our ability to
provide graded recommendations. Sixth, publication bias
may favor studies reporting positive associations over null
findings, although our qualitative assessment did not reveal
obvious patterns suggestive of selective reporting. Finally,
the interpretation of long-term cardiometabolic outcomes
should also consider the major changes in ART practice
over time. Most adolescents and adults included in the avail-
able literature were conceived after cleavage-stage embryo
transfer and, when applicable, embryo cryopreservation by
slow freezing. In contrast, current ART increasingly relies
on blastocyst culture, vitrification, and individualized
ovarian stimulation strategies, including freeze-all ap-
proaches to minimize exposure to supraphysiological hor-
monal environments. In addition, considerable variability
exists across countries and centers with respect to stimula-
tion protocols, culture media, embryo culture duration, cryo-
preservation techniques, the use of PGT, and laboratory
practices. As a result, findings derived from older ART co-
horts may not be fully generalizable to offspring conceived
using contemporary procedures, and procedural heterogene-
ity may have contributed to the variability of findings
observed across studies. This temporal gap highlights the
need for continued follow-up of more recent ART cohorts
to determine whether the cardiometabolic profiles observed
in earlier generations persist under current clinical practices.

Future research would benefit from large prospective
ART registries with follow-up extending into later adult-
hood, enabling assessment of clinically relevant outcomes
such as cardiovascular disease and type 2 diabetes. The
development of standardized core outcome sets for cardio-
metabolic health would also improve comparability across
studies, reduce methodological heterogeneity, and
strengthen future evidence synthesis.

These findings provide reassurance that ART-conceived
offspring do not exhibit major cardiometabolic abnormal-
ities in adulthood, although subtle early-life differences war-
rant continued surveillance. Clinicians should counsel ART
families that observed differences are generally mild, age-
dependent, and likely multifactorial rather than solely
procedure-related. The contribution of parental infertility
underscores the importance of preconception counseling
and optimization of parental health (weight management,
glycemic control, cardiovascular risk factor modification)
for all couples seeking fertility treatment.

CONCLUSION

The ART-conceived offspring may exhibit subtle, age-
dependent cardiovascular differences from fetal life through
adolescence, with most parameters normalizing by adulthood
(a summary provided in the Supplemental Fig. 1, available on-
line). Metabolic differences are inconsistently reported.
Importantly, parental infertility appears to contribute sub-
stantially to observed associations, highlighting the need for
study designs that disentangle procedure-related effects

from parental background. Long-term follow-up into middle
and older adulthood is needed to determine whether early-
life differences predict later cardiovascular disease.

CRediT Authorship Contribution Statement

Julie Firmin: Writing - review & editing, Validation, Inves-
tigation, Data curation. Myriam Slama: Writing - original
draft, Visualization, Resources, Investigation, Data curation.
Lucile Ferreux: Writing - review & editing. Céline Chalas:
Writing - review & editing. Véronique Drouineaud:
Writing - review & editing. Khaled Pocate-Cheriet: Writing —
review & editing. Ahmed Chargui: Writing - review & edit-
ing. Virginie Barraud-Lange: Writing - review & editing.
Catherine Patrat: Writing - review & editing, Validation,
Supervision. Patricia Fauque: Writing - review & editing,
Visualization, Validation, Supervision, Resources, Method-
ology, Investigation, Formal analysis, Data curation,
Conceptualization.

Declaration of Interests

J.F. has nothing to disclose. M.S. has nothing to disclose. L.F.
has nothing to disclose. C.C. has nothing to disclose. V.D. has
nothing to disclose. K.P-C has nothing to disclose. A.C. has
nothing to disclose. V.B-L has nothing to disclose. C.P has
nothing to disclose. P.F. has nothing to disclose.

SUPPLEMENTAL MATERIAL

Supplemental data for this article can be found online at
https://doi.org/10.1016/j.fertnstert.2026.06.031.

REFERENCES

1. Adamson GD, Creighton P, de Mouzon J, Zegers-Hochschild F, Dyer S,
Chambers GM. How many infants have been born with the help of assisted
reproductive technology? Fertil Steril 2025;124:40-50.

2. Barker DJ. The fetal and infant origins of adult disease. Br Med J 1990;301:
1111,

3. Tucdi V, Isles AR, Kelsey G, Ferguson-Smith AC, Erice Imprinting Group.
Genomic imprinting and physiological processes in mammals, et al. Cell
2019;176:952-65

4. Sjoblom C, Roberts CT, Wikland M, Robertson SA. Granulocyte-macro-
phage colony-stimulating factor alleviates adverse consequences of embryo
culture on fetal growth trajectory and placental morphogenesis. Endocri-
nology 2005;146:2142-53.

5. ZhangZLiL,DuanY, ZhouJ, Gao S, CuiL. The effect of in vitro fertilization
on the cardiac health of mice. BMC Cardiovasc Disord 2025;25:480.

6. Guo X-Y, Liu X-M, Jin L, Wang T-T, Ullah K, Sheng J-Z, et al. Cardiovascular
and metabolic profiles of offspring conceived by assisted reproductive tech-
nologies: a systematic review and meta-analysis. Fertil Steril 2017;107:622—
31.e5.

7. Chen M, Heilbronn LK. The health outcomes of human offspring conceived
by assisted reproductive technologies (ART). J Dev Orig Health Dis 2017;8:
388-402.

8. Stern JE, Farland LV, Hwang SS, Dukhovny D, Coddington CC, Cabral HJ,
et al. Assisted reproductive technology or infertility: what underlies adverse
outcomes? Lessons from the Massachusetts outcome study of assisted
reproductive technology. F S Rev 2022;3:242-55.

9. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting sys-
tematic reviews. Br Med J 2021;372:n71.

10.  Wells G, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The New-
castle-Ottawa Scale (NOS) for assessing the quality of nonrandomised

630

VOL. 126 NO. 4/ OCTOBER 2026

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en octubre 15,
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0015-0282(26)00525-X/sref1
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref1
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref1
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref2
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref2
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref3
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref3
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref3
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref4
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref4
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref4
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref4
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref5
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref5
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref6
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref6
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref6
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref6
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref7
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref7
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref7
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref8
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref8
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref8
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref8
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref9
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref9
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref9

SEMINAL CONTRIBUTIONS

11.

14.

15.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

studies in meta-analyses. Available at: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp. Accessed July 21, 2026.

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J Epide-
miol 2010;25:603-5.

Ceelen M, van Weissenbruch MM, Roos JC, Vermeiden JPW, van
Leeuwen FE, Delemarre-van de Waal HA. Body composition in children
and adolescents born after in vitro fertilization or spontaneous conception.
J Clin Endocrinol Metab 2007;92:3417-23.

Ceelen M, van Weissenbruch MM, Vermeiden JPW, van Leeuwen FE, Dele-
marre-van de Waal HA. Cardiometabolic differences in children born after
in vitro fertilization: follow-up study. J Clin Endocrinol Metab 2008;93:
1682-8.

Scherrer U, Rimoldi SF, Rexhaj E, Stuber T, Duplain H, Garcin S, et al. Sys-
temic and pulmonary vascular dysfunction in children conceived by assisted
reproductive technologies. Circulation 2012;125:1890-6.

Zhou J, Liu H, Gu H-t, Cui Y-g, Zhao N-n, Chen J, et al. Association of cardiac
development with assisted reproductive technology in childhood: a pro-
spective single-blind pilot study. Cell Physiol Biochem 2014;34:988-1000.
von Arx R, Allemann Y, Sartori C, Rexhaj E, Cerny D, de Marchi SF, et al.
Right ventricular dysfunction in children and adolescents conceived by assis-
ted reproductive technologies. J Appl Physiol 2015;118:1200-6, 1985.
Belva F, Bonduelle M, Provyn S, Painter RC, Tournaye H, Roelants M, et al.
Metabolic syndrome and its components in young adults conceived by ICSI.
Int J Endocrinol 2018;2018:8170518.

Meister TA, Rimoldi SF, Soria R, von Arx R, Messerli FH, Sartori C, et al. As-
sociation of assisted reproductive technologies with arterial hypertension
during adolescence. J Am Coll Cardiol 2018;72:1267-74.

Halliday J, Lewis S, Kennedy J, Burgner DP, Juonala M, Hammarberg K, et al.
Health of adults aged 22 to 35 years conceived by assisted reproductive
technology. Fertil Steril 2019;112:130-9.

Valenzuela-Alcaraz B, Serafini A, Sepulveda-Martinez A, Casals G,
Rodriguez-Lépez M, Garcia-Otero L, et al. Postnatal persistence of fetal car-
diovascular remodelling associated with assisted reproductive technologies:
a cohort study. BJOG 2019;126:291-8.

Cui L, Zhou W, Xi B, Ma J, Hu J, Fang M, et al. Increased risk of metabolic
dysfunction in children conceived by assisted reproductive technology. Dia-
betologia 2020;63:2150-7.

Cui L, Zhao M, Zhang Z, Zhou W, Lv J, Hu J, et al. Assessment of cardiovas-
cular health of children ages 6 to 10 years conceived by assisted reproduc-
tive technology. JAMA Netw Open 2021;4:2132602.

Elsner S, Katalinic A, Ludwig AK, Sonntag B, Martensen MJ, Kixmiller D,
et al. A comparison of metabolic health parameters in ICSI-conceived and
naturally conceived adolescents. Reprod Biomed Online 2020;41:686-97.
Juonala M, Lewis S, McLachlan R, Hammarberg K, Kennedy J, Saffery R,
et al. American Heart Association ideal cardiovascular health score and sub-
clinical atherosclerosis in 22—35-year-old adults conceived with and without
assisted reproductive technologies. Hum Reprod 2020;35:232-9.
HuangJY, Cai'S, Huang Z, Tint MT, Yuan WL, Aris IM, et al. Analyses of child
cardiometabolic phenotype following assisted reproductive technologies
using a pragmatic trial emulation approach. Nat Commun 2021;12:5613.
Norrman E, Petzold M, Gissler M, Spangmose AL, Opdahl S, Henningsen A-
K, et al. Cardiovascular disease, obesity, and type 2 diabetes in children born
after assisted reproductive technology: a population-based cohort study.
PLoS Med 2021;18:e1003723.

Bi W, Xiao Y, Wang X, CuiL, Song G, Yang Z, et al. The association between
assisted reproductive technology and cardiac remodeling in fetuses and
early infants: a prospective cohort study. BMC Med 2022;20:104.

Langer M, Li P, Vilsmaier T, Kramer M, Sciuk F, Kolbinger B, et al. Subjects
conceived through assisted reproductive technologies display normal arte-
rial stiffness. Diagnostics (Basel) 2022;12:2763.

Langer M, Vilsmaier T, Kramer M, Sciuk F, Kolbinger B, Li P, et al. Vascular
health in adults born after using assisted reproductive technologies. Pediatr
Cardiol 2024;45:1242-50.

Penova-Veselinovic B, Wijs LA, Yovich JL, Burton P, Hart RJ. Cohort profile:
the Growing Up Healthy Study (GUHS)—A prospective and observational
cohort study investigating the long-term health outcomes of offspring

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Fertil Steril®

conceived after assisted reproductive technologies. PLoS One 2022;17:
e0272064.

Wijs LA, Doherty DA, Keelan JA, Burton P, Yovich JL, Beilin L, et al. Compar-
ison of the cardiometabolic profiles of adolescents conceived through ART
with those of a non-ART cohort. Hum Reprod 2022;37:1880-95.

Yeung EH, Mendola P, Sundaram R, Lin T-C, Broadney MM, Putnick DL,
et al. Conception by fertility treatment and cardiometabolic risk in middle
childhood. Fertil Steril 2022;118:349-59.

Elhakeem A, Taylor AE, Inskip HM, Huang JY, Mansell T, Rodrigues C,
et al. Long-term cardiometabolic health in people born after assisted
reproductive technology: a multi-cohort analysis. Eur Heart J 2023;44:
1464-73.

Oberhoffer FS, Langer M, Li P, Vilsmaier T, Sciuk F, Kramer M, et al. Vascular
function in a cohort of children, adolescents and young adults conceived
through assisted reproductive technologies-results from the Munich
heARTerY-study. Transl Pediatr 2023;12:1619-33.

Sciuk F, Vilsmaier T, Kramer M, Langer M, Kolbinger B, Li P, et al. Left ven-
tricular systolic function in subjects conceived through assisted reproductive
technologies. Front Cardiovasc Med 2023;10:1059713.

Wei SQ, Paradis G, Ayoub A, Lewin A, Auger N. Assisted reproductive tech-
nology and cardiovascular outcomes in parents and offspring. Can J Cardiol
2024;40:130-7.

Kramer M, Li P, Langer M, Vilsmaier T, Sciuk F, Kolbinger B, et al. Cardiore-
spiratory fitness and muscle strength in offspring conceived through assis-
ted reproductive technologies: results from the Munich heARTerY-study.
Eur J Pediatr 2025;184:431.

Wang J, Chen L, Yong Y, Yu X, Chen Y, Zhang J, et al. Comprehensive
health assessment of school-age children conceived by assisted reproduc-
tive technology: a prospective cohort follow-up study. BJOG 2025;
132(Suppl 2):8-17.

Tasias K, Papamichail M, Fasoulakis Z, Theodora M, Daskalakis G,
Antsaklis P. Investigation of cardiac remodeling and cardiac function on fe-
tuses conceived via artificial reproductive technologies: a review. J Perinat
Med 2025;53:286-96.

Belva F, Henriet S, Liebaers I, Van Steirteghem A, Celestin-Westreich S,
Bonduelle M. Medical outcome of 8-year-old singleton ICSI children (born
>or=32 weeks' gestation) and a spontaneously conceived comparison
group. Hum Reprod 2007;22:506-15.

Belva F, Roelants M, De Schepper J, Roseboom TJ, Bonduelle M, Devroey P,
et al. Blood pressure in ICSI-conceived adolescents. Hum Reprod 2012;27:
3100-8.

Belva F, Painter R, Bonduelle M, Roelants M, Devroey P, De Schepper J. Are
ICSl adolescents at risk for increased adiposity? Hum Reprod 2012;27:257-
64.

Catford SR, Halliday J, Lewis S, O'Bryan MK, Handelsman DJ, Hart RJ, et al.
The metabolic health of young men conceived using intracytoplasmic sperm
injection. Hum Reprod 2022;37:2908-20.

Laugesen K, Veres K, Hernandez-Diaz S, Chiu Y-H, Oberg AS, Hsu J, et al.
Overweight or obesity in children born after assisted reproductive technol-
ogies in Denmark: a population-based cohort study. PLoS Med 2023;20:
e1004324.

Zhang B, Ban M, Chen X, Hu J, Cui L, Chen Z-J. Altered metabolic profiles in
male offspring conceived from intracytoplasmic sperm injection. BMC Med
2024;22:462.

Boutet ML, Casals G, Valenzuela-Alcaraz B, Garcia-Otero L, Crovetto F,
Civico MS, et al. Cardiac remodeling in fetuses conceived by ARTs: fresh
versus frozen embryo transfer. Hum Reprod 2021;36:2697-708.

Mizrak |, Asserhgj LL, Lund MAV, Kielstrup LR, Greisen G, Clausen TD, et al.
Cardiovascular function in 8- to 9-year-old singletons born after ART with
frozen and fresh embryo transfer. Hum Reprod 2022;37:600-11.

Mizrak I, Lund MAV, Landgrebe AV, Asserhgj LL, Holstein-Rathlou N-H,
Greisen G, et al. Cardiovascular autonomic nervous function in children
conceived by assisted reproductive technology with frozen or fresh embryo
transfer. Am J Physiol Heart Circ Physiol 2024;326:H216-22.

Zhang B, Wang Z, Dai K, Cui L, Chen Z-J. Associations of maternal obesity,
frozen embryos, and offspring adverse cardiometabolic alterations. Fertil
Steril 2022;118:1117-26.

VOL. 126 NO. 4 / OCTOBER 2026
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en octubre 15,
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.

631


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref11
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref11
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref11
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref12
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref12
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref12
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref12
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref13
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref13
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref13
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref13
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref14
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref14
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref14
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref15
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref15
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref15
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref16
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref16
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref16
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref17
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref17
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref17
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref18
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref18
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref18
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref19
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref19
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref19
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref20
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref20
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref20
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref20
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref21
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref21
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref21
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref22
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref22
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref22
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref23
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref23
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref23
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref24
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref24
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref24
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref24
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref25
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref25
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref25
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref26
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref26
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref26
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref26
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref27
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref27
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref27
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref28
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref28
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref28
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref29
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref29
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref29
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref30
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref30
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref30
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref30
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref30
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref31
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref31
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref31
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref32
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref32
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref32
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref33
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref33
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref33
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref33
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref34
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref34
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref34
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref34
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref35
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref35
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref35
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref36
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref36
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref36
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref37
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref37
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref37
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref37
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref38
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref38
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref38
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref38
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref39
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref39
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref39
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref39
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref40
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref40
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref40
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref40
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref41
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref41
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref41
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref42
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref42
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref42
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref43
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref43
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref43
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref44
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref44
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref44
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref44
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref45
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref45
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref45
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref46
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref46
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref46
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref47
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref47
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref47
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref48
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref48
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref48
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref48
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref49
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref49
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref49

SEMINAL CONTRIBUTIONS

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Dong Z-H, Wu T, Zhang C, Su K-Z, Wu Y-T, Huang H-F. Effect of frozen-
thawed embryo transfer on the metabolism of children in early childhood.
J Clin Med 2023;12:2322.

Ageheim M, Skalkidou A, Bergman E, lliadis S, Lampa E, Lindstrom L, et al.
Fetal growth after fresh and frozen embryo transfer and natural conception:
a population-based register study. BJOG 2024;131:1229-37.

Asserhgj LL, Mizrak |, Lebech Kjaer AS, Clausen TD, Hoffmann ER,
Greisen G, et al. Blood pressure and lipid profiles in children born after
ART with frozen embryo transfer. Hum Reprod Open 2024;2024:hoae016.
Terho AM, Tiitinen A, Salo J, Martikainen H, Gissler M, Pelkonen S. Growth
of singletons born after frozen embryo transfer until early adulthood: a
Finnish register study. Hum Reprod 2024;39:604-11.

Olsen AR, Asserhgj LL, Pinborg A, Clausen TD, Greisen G, Jensen RB, et al.
Visceral and subcutaneous adipose tissue in children born after ART with
frozen and fresh embryo transfers. Hum Reprod Open 2025;2025:hoaf014.
Belva F, Roelants M, Kluijfhout S, Winter C, De Schrijver F, Desmyttere S,
et al. Body composition and blood pressure in 6-year-old singletons born af-
ter pre-implantation genetic testing for monogenic and structural chromo-
somal aberrations: a matched cohort study. Hum Reprod Open 2018;2018:
hoy013.

Heijligers M, Peeters A, van Montfoort A, Nijsten J, Janssen E,
Gunnewiek FK, et al. Growth, health, and motor development of 5-year-
old children born after preimplantation genetic diagnosis. Fertil Steril
2019;111:1151-8.

ZhaoJ, Li S, Ban M, Gao S, Cuil, Yan J, et al. Metabolic profiles of offspring
born from biopsied embryos from toddlerhood to preschool age. J Clin En-
docrinol Metab 2025;110:e980-91.

Seggers J, Haadsma ML, Bastide-van Gemert S la, Heineman MJ, Kok JH,
Middelburg KJ, et al. Blood pressure and anthropometrics of 4-y-old chil-
dren born after preimplantation genetic screening: follow-up of a unique,
moderately sized, randomized controlled trial. Pediatr Res 2013;74:606—
14.

ZhuY, FuY, Tang M, Yan H, Zhang F, Hu X, et al. Risk of higher blood pres-
sure in 3 to 6 years old singleton born from OHSS patients undergone with
fresh IVF/ICSI. Front Endocrinol (Lausanne) 2022;13:817555.

Kuiper D, Hoek A, la Bastide-van Gemert S, Seggers J, Mulder DJ,
Haadsma M, et al. Cardiovascular health of 9-year-old IVF offspring: no as-
sociation with ovarian hyperstimulation and the in vitro procedure. Hum Re-
prod 2017;32:2540-8.

Seggers J, Haadsma ML, La Bastide-Van Gemert S, Heineman MJ,
Middelburg KJ, Roseboom TJ, et al. Is ovarian hyperstimulation associated
with higher blood pressure in 4-year-old IVF offspring? Part I: multivariable
regression analysis. Hum Reprod 2014;29:502-9.

Xu G-F, Zhang J-Y, Pan H-T, Tian S, Liu M-E, Yu T-T, et al. Cardiovascular
dysfunction in offspring of ovarian-hyperstimulated women and effects
of estradiol and progesterone: a retrospective cohort study and proteomics
analysis. J Clin Endocrinol Metab 2014;99:E2494-503.

Pontesilli M, Painter RC, Grooten 1J, van der Post JA, Mol BW, Vrijkotte TGM,
et al. Subfertility and assisted reproduction techniques are associated with
poorer cardiometabolic profiles in childhood. Reprod Biomed Online 2015;
30:258-67.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Kuiper D, la Bastide-van Gemert S, Hoek A, Seggers J, Haadsma M,
Heineman MJ, et al. Parental subfertility is associated with higher blood
pressure in offspring. Acta Paediatr 2019;108:373-4.

Boutet ML, Casals G, Valenzuela-Alcaraz B, Garcia-Otero L, Crovetto F,
Borras A, et al. Subfertility versus ART: unraveling the origins of fetal cardiac
programming. Hum Reprod 2023;38:1961-9.

Herndez A, Elhakeem A, Barros H, Vrijkotte TGM, Fraser A, Lawlor DA, et al.
Parental infertility and offspring cardiometabolic trajectories: a pooled anal-
ysis of three European cohorts. Fertil Steril 2024;121:853-63.

Weng S-S, Huang Y-T, Huang Y-T, Chien L-Y. Fertility status and risk of pe-
diatric cardiovascular diseases: a population-based nested case-control
study. Hum Reprod 2025;40:1980-9.

Yeung EH, Trees IR, Clayton PK, Polinski KJ, Livinski AA, Putnick DL. Infer-
tility treatment and offspring blood pressure—a systematic review and
meta-analysis. Hum Reprod Update 2025;31:2-20.

Guo'Y, Liu X, Peng S, Jiang X, Xu K, Chen C, et al. A review of wearable and
unobtrusive sensing technologies for chronic disease management. Com-
put Biol Med 2021;129:104163.

Ventimiglia E, Capogrosso P, Colicchia M, Boeri L, Serino A, Castagna G,
et al. Metabolic syndrome in white European men presenting for primary
couple’s infertility: investigation of the clinical and reproductive burden. An-
drology 2016;4:944-51.

Hanson B, Johnstone E, Dorais J, Silver B, Peterson CM, Hotaling J. Female
infertility, infertility-associated diagnoses, and comorbidities: a review. J
Assist Reprod Genet 2017;34:167-77.

Hernaez A, Lee Y, Page CM, Skara KH, Haberg SE, Magnus P, et al. Impaired
glucose tolerance and cardiovascular risk factors in relation to infertility: a
Mendelian randomization analysis in the Norwegian Mother, Father, and
Child Cohort Study. Hum Reprod 2024;39:436-41.

Gunning MN, Sir Petermann T, Crisosto N, van Rijn BB, de Wilde MA,
Christ JP, et al. Cardiometabolic health in offspring of women with PCOS
compared to healthy controls: a systematic review and individual participant
data meta-analysis. Hum Reprod Update 2020;26:104-18.

Kjaer ASL, Vestager ML, Jensen RB, Pinborg A. Healthy aging in individuals
born after assisted reproductive technology is a research area for the future.
Nat Aging 2024,4:1663-6.

Fauque P, De Mouzon J, Devaux A, Epelboin S, Gervoise-Boyer M-J, Levy R,
et al. Reproductive technologies, female infertility, and the risk of
imprinting-related disorders. Clin Epigenetics 2020;12:191.

Rexhaj E, Paoloni-Giacobino A, Rimoldi SF, Fuster DG, Anderegg M,
Somm E, et al. Mice generated by in vitro fertilization exhibit vascular
dysfunction and shortened life span. J Clin Invest 2013;123:5052-60.
Meister TA, Soria R, Dogar A, Messerli FH, Paoloni-Giacobino A, Stenz L,
et al. Increased arterial responsiveness to angiotensin Il in mice conceived
by assisted reproductive technologies. Int J Mol Sci 2022;23:13357.
Wang Q, Zhang Y, Le F, Wang N, Zhang F, Luo Y, et al. Alteration in the
expression of the renin-angiotensin system in the myocardium of mice
conceived by in vitro fertilization. Biol Reprod 2018;99:1276-88.

Cerny D, Sartori C, Rimoldi SF, Meister T, Soria R, Bouillet E, et al. Assisted
reproductive technologies predispose to insulin resistance and obesity in
male mice challenged with a high-fat diet. Endocrinology 2017;158:1152-9.

632

VOL. 126 NO. 4 / OCTOBER 2026

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en octubre 15,
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0015-0282(26)00525-X/sref50
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref50
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref50
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref51
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref51
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref51
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref52
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref52
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref52
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref53
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref53
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref53
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref54
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref54
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref54
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref55
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref55
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref55
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref55
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref55
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref56
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref56
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref56
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref56
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref57
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref57
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref57
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref58
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref58
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref58
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref58
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref58
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref59
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref59
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref59
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref60
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref60
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref60
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref60
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref61
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref61
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref61
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref61
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref62
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref62
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref62
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref62
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref63
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref63
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref63
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref63
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref64
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref64
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref64
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref65
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref65
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref65
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref66
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref66
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref66
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref67
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref67
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref67
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref68
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref68
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref68
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref69
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref69
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref69
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref70
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref70
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref70
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref70
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref71
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref71
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref71
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref72
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref72
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref72
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref72
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref73
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref73
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref73
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref73
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref74
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref74
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref74
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref75
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref75
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref75
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref76
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref76
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref76
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref77
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref77
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref77
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref78
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref78
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref78
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref79
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref79
http://refhub.elsevier.com/S0015-0282(26)00525-X/sref79

	From fetal life to adulthood: cardiometabolic health of offspring conceived by assisted reproductive technologies, a system ...
	Materials and methods
	Protocol and registration
	Search strategy
	Eligibility criteria
	Study selection
	Data extraction
	Risk of bias assessment
	Data synthesis

	Results
	Study selection
	Study quality assessment
	Conception with ART vs. without the assistance of ART
	Fetal period, neonatal period, and early childhood
	Childhood
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Adolescence
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Young adulthood and adulthood
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Global synthesis – conception with ART vs. without the assistance of ART

	Fertilization method: IVF vs. ICSI
	Fetal period, neonatal period, and early childhood
	Childhood
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Adolescence
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Young adulthood and adulthood
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes
	Global synthesis – IVF vs. ICSI


	Embryo transfer modality: FET vs. fresh embryo transfer
	Fetal period, neonatal period, and early childhood
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Childhood
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Adolescence
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Young adulthood and adulthood
	Global synthesis – fresh embryo transfer vs. FET


	Preimplantation genetic testing
	Fetal period, neonatal period, and early childhood
	Childhood
	Adolescence
	Young adulthood and adulthood
	Global synthesis – PGT


	Ovarian stimulation
	Fetal period, neonatal period, and early childhood
	Childhood
	Adolescence
	Young adulthood and adulthood
	Global synthesis – ovarian stimulation


	Parental infertility
	Fetal period, neonatal period, and early childhood
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Childhood
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Adolescence and young adulthood
	Cardiovascular outcomes
	Metabolic and anthropometric outcomes

	Young adulthood and adulthood
	Global synthesis – parental infertility



	Discussion
	Limitations

	Conclusion
	CRediT Authorship Contribution Statement

	Declaration of Interests
	References


