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Objective: To assess whether parental infertility is associated with differences in cardiometabolic trajectories in offspring.
Design: Pooled observational analysis in three prospective cohorts.
Setting: Three nationwide pregnancy cohorts.
Patients: A total of 14,609 singletons from the UK Avon Longitudinal Study of Parents and Children, the Portuguese Geraçao 21, and
the Amsterdam Born Children and Their Development study. Each cohort contributed data up to ages 26, 12, and 13 years, respectively.
Intervention: Parental infertility is defined as time-to-pregnancy of R12 months (n ¼ 1,392, 9.5%).
Main OutcomeMeasures: Trajectories of bodymass index (BMI), waist circumference, systolic blood pressure, diastolic blood pressure,
low-density lipoprotein cholesterol (LDL-C) level, high-density lipoprotein cholesterol (HDL-C) level, triglycerides level, and glucose
level were compared in the offspring of couples with and without infertility. Trajectories were modeled using mixed-effects models
with natural cubic splines adjusting for cohort, sex of the offspring, and maternal factors (age, BMI, smoking, educational level,
parity, and ethnicity). Predicted levels of cardiometabolic traits up to 25 years of age were compared with parental infertility.
Results: Offspring of couples with infertility had increasingly higher BMI (difference in mean predicted levels by age 25 years: 1.09 kg/
m2, 95% confidence interval [0.68–1.50]) and suggestively higher diastolic blood pressure at age 25 years (1.21mmHg [�0.003 to 2.43]).
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Their LDL-C tended to be higher, and their HDL-C values tended to be lower over time (age: 25 years, LDL-C: 4.07% [�0.79 to 8.93];
HDL-C: �2.78% [�6.99 to 1.43]). At age 17 years, offspring of couples with infertility had higher waist circumference (1.05 cm [0.11–
1.99]) and systolic blood pressure (age: 17 years; 0.93 mmHg [0.044–1.81]), but these differences attenuated at later ages. No intergroup
differences in triglyceride and glucose level trajectories were observed. Further adjustment for paternal age, BMI, smoking, and
educational level, and both parents’ histories of diabetes and hypertension in the cohort with this information available (Avon
Longitudinal Study of Parents and Children) did not attenuate intergroup differences.
Conclusion: Offspring of couples with infertility relative to those of fertile couples have increasingly higher BMI over the years, sug-
gestively higher blood pressure levels, and tend to have greater values of LDL-C and lower values of HDL-C with age. (Fertil Steril�
2024;121:853–63. �2024 by American Society for Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.
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I ndividuals reporting fertility problems develop more car-
diovascular disease (1–6). Women with infertility have
higher body mass index (BMI), waist circumference

(WC), and triglyceride (TG) levels, greater odds of diabetes,
and lower concentrations of high-density lipoprotein choles-
terol (HDL-C) compared with fertile women (7), whereas men
with infertility are more likely to be obese and hypertensive
(8). More adverse cardiometabolic health could be also present
in their offspring. First, cardiometabolic disease and its risk
factors are inheritable (9). Second, infertility is linked to preg-
nancy complications such as gestational diabetes (10) and hy-
pertensive disorders of pregnancy (11), which are associated
with increased cardiometabolic risk in the offspring (12, 13).
Third, couples with fertility problems are likely to use assisted
reproductive technology (ART) treatments, which are related
to differences in cardiometabolic trajectories in their
offspring in relation to those of fertile couples (14, 15). We
previously reported that ART-conceived offspring, relative
to fertile controls, had a lower BMI, WC, systolic blood pres-
sure (SBP), and diastolic blood pressure (DBP), respectively, in
childhood, and subtle trajectories to higher SBP and TG levels
in young adulthood, although these differences were small
(14, 15). Only three other studies to date have examined car-
diometabolic risk factors in the offspring of individuals with
infertility (16–18), most focused on changes in BMI, and
reported minimal or null differences between the offspring
of couples with and without infertility. Whether differences
in cardiometabolic trajectories of offspring conceived using
ART treatment are because of the ART procedures or
underlying parental infertility remains unclear.

Our study therefore aims to determine the association of
parental infertility (not considering ART use) with offspring
trajectories of BMI, WC, SBP, DBP, LDL-C level, HDL-C level,
TG level, and glucose level from birth to adulthood.

MATERIALS AND METHODS
Population Description

Our analyses are part of the Assisted Reproductive Technology
and Health (A.R.T.-HEALTH) partnership (14, 15). All cohorts
in the partnership were invited to participate in this study,
with the inclusion criteria being that they had information
on time-to-pregnancy for that specific pregnancy and two or
more measurements taken at different times for at least one
of the eight cardiometabolic traits of interest. Three cohorts
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fulfilled these requirements: the UK Avon Longitudinal Study
of Parents and Children (ALSPAC; birth years: 1990–1992)
(19–23), the Portuguese Geraçao 21 (G21; birth years: 2000–
2006) (24), and the Dutch Amsterdam Born Children and
their Development Study (ABCD; birth years: 2003–2004)
(25). A detailed description of the number of mothers,
partners, pregnancies, and offspring included in the ALSPAC
study is available in the Supplemental Methods (available
online). In the ALSPAC study, data were collected and
managed using Research Electronic Data Capture electronic
data capture tools hosted at the University of Bristol (26). The
ALSPAC study website (http://www.bristol.ac.uk/alspac/
researchers/our-data/) contains details of all the data that are
available through a searchable data dictionary and variable
search tool.

Figure 1 shows the flow chart of the study. Our analyses
are considered singletons only and are reported following the
guidelines described by the Strengthening the Reporting of
Observational Studies in Epidemiology Statement.
Infertility

Infertility is defined, in accordance with the World Health Or-
ganization, as a time-to-pregnancy of >12 months (27).
Offspring of couples reporting a time-to-pregnancy of %12
months (‘‘fertile’’) were included in the reference group. Un-
planned pregnancies were included in the reference group.
Offspring conceived using ART therapy in couples reporting
a time-to-pregnancy of%2 months (n ¼ 689) were excluded
from the analyses.
Cardiometabolic Risk Factors in the Offspring

In 23 visits, the ALSPAC study collected data on BMI (median
number of measures: 10 [interquartile range {IQR 9}]; age
range: 0–26 years), WC (median: 7 measures [IQR 4]; 2–26
years), blood pressure (median: 7 measures [IQR 4]; 3–26
years), lipid profile (median: 2 measures [IQR 3]; 3–26 years),
and glucose (median: 2 measures [IQR 2]; 7–26 years). Over
the course of 45 visits, G21 collected data on BMI (median:
18 measures [IQR 9]; 0–12 years) and the rest of the risk
factors (up to 3 measures; 3–12 years). Over 26 visits, ABCD
collected data on BMI (median: 11 measures [IQR 4]; 0–12
years) and the rest of the risk factors (up to 2 measures; 5–
13 years). The combined dataset had repeated measures of
VOL. 121 NO. 5 / MAY 2024
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FIGURE 1

Flow chart of the study.
Hern�aez. Infertility and offspring CVD factors. Fertil Steril 2024.
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BMI (median: 12 measures [IQR 7]), WC (median: 3 measures
[IQR 4]), blood pressure (median: 3 measures [IQR 5]), lipid
profile (median: 2 measures [IQR 2]), and glucose (median: 2
measures [IQR 1]).

In the ALSPAC study, height and weight come from
parental questionnaires (before age 16 years), self-
measurements (after age 16 years), health records, school
records, or research clinics, whereas WC circumference is
measured to the nearest millimeter at research clinics. In the
G21 study, anthropometric data were obtained by trained ex-
aminers. In the ABCD study, anthropometric information
came from the youth health care registration of the Public
Health Service in Amsterdam (by trained nurses) or research
clinics. Blood pressure was measured at rest with validated
sphygmomanometers (ALSPAC: average of two measure-
ments; G21: average of two measurements when the differ-
ence between them was <5 mmHg [when greater, a third
measurement was conducted and the mean of the two closest
ones was calculated]; ABCD: average of two measurements).
Regarding the biochemical determinations, in the ALSPAC
study, lipids were measured using standard laboratory tests
(following the standard Lipid Research Clinics Protocol, using
enzymatic reagents) in nonfasting plasma or serum up to age
9 years and in fasting samples for older ages, and glucose was
quantified in nonfasting venous blood samples using nuclear
magnetic resonance at age 7 years and using standard
VOL. 121 NO. 5 / MAY 2024
laboratory tests in fasting samples at older ages (as above).
In the G21 study, lipids and glucose levels were assessed in
fasting venous blood samples (lipids: enzymatic colorimetric
assays; glucose: hexokinase method). In the ABCD study,
lipids and glucose were measured using a validated ambula-
tory collection kit on fasting capillary blood samples (Deme-
cal: Lab Anywhere, Haarlem, the Netherlands). The LDL-C
level was calculated using the Friedewald formula (LDL-C ¼
total cholesterol � HDL-C � [TG/5]).
Confounders

Before analyses, we defined confounders as known and plau-
sible causes of parental infertility and offspring cardiometa-
bolic traits: parental age, socioeconomic position (education
as a proxy), ethnicity, parity, and the number of children, as
well as prepregnancy and early-pregnancy cardiometabolic
risk factors of the parents (BMI, smoking, hypertension, and
diabetes) (14, 15). Because some were assessed during preg-
nancy, we assumed a strong correlation between prepreg-
nancy and during-pregnancy measures. Because we pooled
individual participant data into one database, we only
included confounders that were available in all studies and
harmonized them to the lowest common denominator
(14, 15). These were maternal age at pregnancy and birth
(years, continuous), prepregnancy or early-pregnancy
855
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maternal BMI (kg/m2, continuous), prepregnancy or early-
pregnancy maternal smoking (yes or no), maternal educa-
tional level (medium-high level or low level; medium-high
education level was defined as 13þ years [ALSPAC], 10þ
years [G21], and 14þ years of schooling [ABCD], whereas
low education level was defined as any shorter duration of
schooling), parity (0 or 1 or more), and ethnicity or country
of birth [European or other]). We also adjusted for offspring
sex to improve estimate precision. The ALSPAC study had
further information on paternal prepregnancy age (contin-
uous), early-pregnancy BMI (continuous), history of smoking
(yes or no), educational level (medium-high level or low level,
as described above), and both parents’ histories of diabetes
and hypertension (yes or no).
Ethics

All cohorts comply with the Declaration of Helsinki for med-
ical research involving human subjects. In all three studies,
informed written consent for the collection and use of data
was provided by parents up to offspring age 16, 12, and 13
years (in ALSPAC, G21, and ABCD, respectively) and there-
after by the offspring in ALSPAC. In the ALSPAC study,
ethical approval is provided by the ALSPAC Ethics and Law
Committee and UK Local Research Ethics Committees
(http://www.bristol.ac.uk/alspac/researchers/research-ethics/),
consent for biologic samples was collected following the Hu-
man Tissue Act (2004), and informed consent for the use of
data collected using questionnaires and clinics was obtained
following the recommendations of the ALSPAC Ethics and
Law Committee at the time. In the G21 study, ethical approval
is provided by the Ethics Committee of Hospital de S~ao Jo~ao
and the Institute of Public Health of the University of Porto.
In the ABCD study, it is provided by the Netherlands Central
Committee on Research involving Human Subjects, the
Medical Ethical Committees of the participating hospitals,
and the Registration Committee of the Municipality of
Amsterdam.
Statistical Analyses

We described normally distributed variables with means and
SDs and categorical variables with proportions. Differences in
baseline characteristics of participants included and not
included in our analyses were studied using t-tests and c2

tests for normally distributed continuous variables and cate-
gorical variables, respectively.

Individual participant data were merged and analyzed
together. We assessed the association of parental infertility
with offspring age-related cardiometabolic trajectories using
mixed-effects linear regression with natural cubic splines
(28). We used a natural cubic spline function for age as a fixed
effect to model the cardiometabolic health trajectories, which
allowed for the detection of nonlinear changes in outcomes
with age. Models included seven knots for BMI, five for WC,
three for SBP and DBP, two for lipid profile measures, and
one for glucose (14, 15). Knots were placed at equal quantiles
of age. Each cohort contributed data for different age ranges
(ALSPAC up to age 26 years, G21 up to age 12 years, and
856
ABCD up to age 13 years). The main analyses were adjusted
for cohort, offspring sex, maternal age, maternal BMI,
maternal smoking, maternal educational level, parity, and
ethnicity, and included an interaction term between age at
cardiometabolic measurements and parental infertility to
allow for different trajectories in offspring born of couples
with infertility and those without. We used predicted values
to plot mean trajectories in both populations and used them
to calculate the mean differences in cardiometabolic factors
between ages 1 and 25 years every 2 years. Differences in
the measured values are presented for BMI, WC, SBP, and
DBP. The LDL-C, HDL-C, triglycerides, and glucose levels
were log-transformed before analysis, and the intergroup dif-
ferences presented are the percent difference between the
exposure groups. Participants with missing covariates were
excluded from the analyses.

Because we were unable to adjust for all a priori defined
confounders in the main analyses, in the subsample of AL-
SPAC study participants with available data on the con-
founders in the main analyses plus the additional
confounders (paternal age, BMI, smoking, and educational
level, and both parent’s history of diabetes and hypertension,
n ¼ 3,847), we compared the analyses adjusted for the cova-
riates available in all three cohorts and those adjusted for all
the confounders. Besides, we conducted three sensitivity an-
alyses. First, to check the consistency of trajectories across co-
horts, we conducted trajectory analyses in ALSPAC, G21, and
ABCD studies separately and compared their shapes by visual
inspection. Second, to check the assumption that the results
are from the same underlying population, we limited our an-
alyses to the age range for which there is information in the
three cohorts (ages 1–15 years for BMI, ages 5–11 years for
the other outcomes) and compared their shapes with the
main results using visual inspection. Finally, to check
whether our results were consistent with a broader definition
of infertility (time-to-pregnancy> 12monthsþART use), we
repeated the analyses using the definition for the exposure
that also included offsprings conceived through ART treat-
ments. All analyses were performed in R Software version
4.0.3.
RESULTS
Study Population

We studied 14,609 singleton offspring, of whom 1,392 (9.5%)
were born to couples with infertility. The main analyses were
conducted on the following exact numbers of offspring:
14,454 for BMI, 11,565 for WC, 11,443 for blood pressure,
9,343 for lipid profile, and 8,934 for glucose levels. In couples
experiencing infertility, the mothers were older, had a slightly
higher BMI, smoked more frequently, had lower levels of ed-
ucation, had fewer previous pregnancies, and were more
likely to be of non-European origin (Table 1).

Maternal age at birth, BMI, and smoking were similar
across cohorts. Nevertheless, low maternal education and
high parity were more frequent in the ALSPAC study, and a
higher proportion of participants of non-European origin
was observed in the ABCD (Supplemental Table 1, available
online). Parents of nonincluded offspring were younger,
VOL. 121 NO. 5 / MAY 2024
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TABLE 1

Population description.

Description

Couples with
infertility

(n [ 1,392)
Fertile couples
(n [ 13,217)

Cohort
ALSPAC, n (%) 652 (46.8) 6,436 (48.7)
G21, n (%) 368 (26.4) 3,496 (26.5)
ABCD, n (%) 372 (26.7) 3,285 (24.9)

Sex of offspring
Female, n (%) 690 (49.5) 6,536 (49.5)
Male, n (%) 702 (50.5) 6,681 (50.5)

Maternal age at birth
or pregnancy,
mean � SD

31.0 � 5.0 29.9 � 4.5

Maternal
prepregnancy
body mass index,
mean � SD

24.2 � 4.7 23.3 � 3.8

Maternal
prepregnancy
smoking:

No, n (%) 1,062 (76.2) 10,643 (80.5)
Yes, n (%) 330 (23.8) 2,574 (19.5)

Maternal education
Low, n (%) 799 (57.4) 6,189 (46.8)
Medium or high, n

(%)
593 (42.6) 7,028 (53.2)

Maternal parity
No previous births,

n (%)
865 (62.1) 6,715 (50.8)

1 or more, n (%) 527 (37.9) 6,502 (49.2)
Maternal ethnicity or

country of birth
European, n (%) 1,209 (86.9) 12,045 (91.1)
Other, n (%) 183 (13.1) 1,172 (8.9)

Note: ABCD ¼ the Dutch Amsterdam Born Children and their Development Study; ALSPAC
¼ the UK Avon Longitudinal Study of Parents and Children; G21 ¼ the Portuguese
Geraçao 21.

Hern�aez. Infertility and offspring CVD factors. Fertil Steril 2024.
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more likely to be smokers (in the ALSPAC and ABCD studies),
less educated (in the ALSPAC and G21 studies), more likely to
be of non-European origin, and more likely to have more than
one offspring (in the G21 and ABCD studies) (Supplemental
Table 2).
Adiposity Trajectories

In the adjusted analyses with pooled individual participant
data, BMI differences emerged in childhood and increased
with age (Fig. 2A). At age 25 years, offspring of couples
with infertility had a higher mean BMI (1.09 kg/m2, 95% CI:
0.68–1.50, Fig. 2B). Offspring of couples with infertility
evolved to higher values of WC during adolescence (age: 17
years; 1.05 cm, 95% CI: 0.11–1.99), and these differences
were attenuated in adulthood (Fig. 2C and D).
Blood Pressure

Offspring of couples with infertility had slightly higher mean
SBP and DBP values (Fig. 2E and G). Intergroup differences
for SBP peaked around late adolescence (age: 17 years; 0.93
mmHg, 95% CI: 0.04–1.81, Fig. 2F) and those of DBP in early
VOL. 121 NO. 5 / MAY 2024
adulthood (age: 25 years; 1.21 mmHg, 95% CI: �0.003 to
2.43, Fig. 2H).
Lipid Profile and Glucose

No clear associations between parental infertility, lipid pro-
file, and glucose levels in the offspring were seen. Offspring
of couples with infertility had lower average LDL-C during
childhood (age: 5 years; �5.04%, 95% CI: �8.04 to 2.04);
these differences disappeared by age 7 years and tended to in-
crease over time from adolescence, which resulted in sugges-
tively higher values in early adulthood (age: 25 years; 4.07%,
95% CI: �0.79 to 8.93, Fig. 3A and B). Offspring of couples
with infertility also tended to have lower HDL-C levels, and
this difference increased over time (age: 25 years; �2.78%,
95% CI: �6.99 to 1.43, Fig. 3C and D). Triglyceride level dif-
ferences between offspring of couples with and without infer-
tility were imprecise, with the largest difference seen during
adolescence (age: 15 years; 3.09%, 95% CI: �1.24 to 7.42,
Fig. 3E and F). Glucose levels in the offspring of infertile par-
ents were only higher in childhood (age: 5 years; 1.00%, 95%
CI: �0.16 to 2.16), but differences attenuated at later ages
(Fig. 3G and H).
Additional Analyses

Further adjustment for the partner’s confounders and both
parents’ histories of diabetes and hypertension in the ALSPAC
study did not attenuate the intergroup differences in trajec-
tories for any of the cardiometabolic traits (Supplemental
Fig. 1, available online).

We observed no substantial differences in the cohort-
specific trajectories for adiposity measures (Supplemental
Fig. 2). We also observed no substantial differences in the
cohort-specific trajectories for SBP. However, the DBP trajec-
tories in the G21 study seemed different from what was
observed in the other two cohorts. Nevertheless, intergroup
differences in DBP in early adulthood in the main analyses
were consistent with those observed for the ALSPAC study
data only (Supplemental Fig. 3). We further observed no sub-
stantial differences in the cohort-specific trajectories for LDL-
C and glucose levels (Supplemental Fig. 4A and D), but the
shape of HDL-C and TG levels trajectories seemed not compa-
rable across cohorts (Supplemental Fig. 4B and C).

Cardiometabolic trajectories in the age range for which
there is information in the three cohorts were comparable
for anthropometric measures, blood pressure, and LDL-C
levels, but not for HDL-C, TG, and glucose levels
(Supplemental Fig. 5). Including ART treatment in the defini-
tion of infertility slightly attenuated the differences in BMI
between the offspring of couples with infertility and those
without, but it did not notably change the rest of the results
(Supplemental Fig. 6).

DISCUSSION
We found that offspring of couples with infertility had higher
BMI from childhood to adulthood (differences widened with
age and reached their maximum at 25 years, with a difference
of 1.1 kg/m2), higher WC during adolescence (these
857



FIGURE 2

Trajectories of cardiometabolic traits from birth to early adulthood in offspring of couples with (blue) and without infertility (red) and differences in
mean predicted values for body mass index (A and B), waist circumference (C and D), systolic blood pressure (E and F), and diastolic blood pressure
(G and H).
Hern�aez. Infertility and offspring CVD factors. Fertil Steril 2024.
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differences attenuated in later ages), slightly higher mean SBP
and DBP from childhood to adulthood, and tended to have
higher LDL-C levels and lower HDL-C levels in adulthood
(these trends emerged in adolescence and broadened over
time). The observed differences were robust to adjustment,
including for parental risk factors for cardiovascular disease
and infertility.

There is limited evidence available on differences in
cardiometabolic health according to parental infertility. In a
858
previous study of 4,151 Danish singletons with 1–28 mea-
sures of weight between ages 0–20 years, offspring of couples
with infertility showed a greater linear increase in weight per
year until age 10 years (16). Two other studies (one with 1,773
Danish children with one BMI measurement at age 5 years
and one with 79,740 Norwegian children with 12 BMI mea-
surements between ages 0 and 7 years) reported no associa-
tion between parental infertility and offspring BMI (17, 18),
which is consistent with our findings of no differences up to
VOL. 121 NO. 5 / MAY 2024



FIGURE 3

Trajectories of cardiometabolic traits from birth to early adulthood in offspring of couples with (blue) and without infertility (red) and differences in
mean predicted values for low-density lipoprotein (LDL) cholesterol (A and B), high-density lipoprotein (HDL) cholesterol (C and D), triglycerides (E
and F), and (G and H).
Hern�aez. Infertility and offspring CVD factors. Fertil Steril 2024.
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age 7 years. We did not find more studies on the topic that did
not involve participants from the ALSPAC, G21, or ABCD
studies (the only other study available is based on the ABCD
study data) (29). A 1 kg/m2 greater BMI value in the offspring
of couples with infertility at age 25 years, potentially growing
larger when trends in our data persist, has been associated
with increased risk of metabolic syndrome even in middle
adulthood (30) and more risk of chronic disease and
VOL. 121 NO. 5 / MAY 2024
all-cause mortality at later ages, particularly in individuals
with BMI values over 25 kg/m2 (31). In contrast, variations
in other risk factors were modest and might have more limited
clinical significance.

Previous bibliographies have focused on differences in
cardiometabolic health according to conception using ART
treatment. The work presented here builds on two previous
articles of ours in which we explored the association of
859
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ART conception with cardiometabolic traits, cross-
sectionally at different ages from infancy to 26 years in
all the A.R.T.-HEALTH partnership cohorts, and with cardi-
ometabolic trajectories in a subgroup of the three cohorts
included in this study plus a fourth cohort (GUSTO) (14,
15). In the cross-sectional analyses, ART-conceived
offspring had slightly lower mean BMI and WC up to age
9 years compared with naturally conceived offspring, shifted
toward higher adiposity values from age 17 years (15), and
had higher LDL-C and HDL-C levels and no differences in
blood pressure, TG levels, and glucose levels (14). In the tra-
jectory analyses, ART-conceived offspring tended to have
higher SBP and lower HDL-C levels over time and had
higher glucose levels during the preschool years (14). Other
studies have reported that ART-conceived offspring have
lower BMI values under age 5 years (32) but a higher risk
of obesity during later childhood and adolescence (33) and
greater linear increments in weight until age 20 years (16).
They also have lower blood pressure at the age of 6 years
(32) and no increased risk of diabetes during childhood
and adolescence (33). Overall, the findings of studies on
ART-conceived offspring agree with our findings, showing
a trend toward higher values of adiposity in adulthood,
higher blood pressure, a trend toward lower HDL-C levels
with age, and a lack of associations with glucose and TG
levels. According to our results, underlying parental infer-
tility might explain at least part of the differences in cardi-
ometabolic health associated with ART use in previous
publications of the A.R.T.-HEALTH partnership because dif-
ferences remained when ART-conceived offspring were
included in the exposed group of our analyses.

There are several potential explanations for the associa-
tion between parental infertility and poorer cardiometabolic
health in the offspring. Individuals with infertility are prone
to having impaired cardiometabolic risk factors (7, 8), which
may be inherited by their offspring (9). Infertility could be
because of the underlying conditions in women, such as poly-
cystic ovary syndrome, which is also linked to poorer cardio-
metabolic health in their offspring (34–36). In parallel, a
shared detrimental environment (e.g., unhealthy diet and
lack of physical activity) could explain both fertility
problems in the parents and the differences in
cardiometabolic health in the offspring (37, 38).

This work has some limitations. First, our exposure
(parental infertility) is a couple-dependent measure, and
we could not determine whether the fertility problems orig-
inated in the mothers, their male partners, or both. Second,
regarding confounding, we a priori acknowledged known
and plausible causes of parental infertility, offspring cardio-
metabolic traits, and several sources of residual confound-
ing. Some confounders were assessed during pregnancy
(after the exposure), and we had to assume that there was
a strong correlation between prepregnancy and during-
pregnancy measures. Results in the ALSPAC study adjusting
for confounders available in all three cohorts were not
different from those after adjusting for the common covari-
ates plus paternal education, smoking, BMI, and paternal
and maternal hypertension and diabetes. Residual con-
founding by paternal dyslipidemia may explain some of
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the associations, particularly those with offspring lipids,
because this variable was unavailable. The harmonization
of confounders to the lowest common denominator may
have also resulted in additional residual confounding. Third,
our study involves differential age ranges in our cardiome-
tabolic trait data across the three cohorts. For the G21 and
ABCD studies, data are limited to ages 3–12 years, whereas
the ALSPAC study extends up to the age of 26 years. Conse-
quently, our findings regarding cardiometabolic trajectories
from the age of 13–26 years are driven solely by the ALSPAC
study. We assumed that the cardiometabolic trajectories for
the three cohorts, given their shared European origin, would
align. However, this assumption may not be entirely precise
because there were inconsistencies in the trajectories within
each cohort. In most cases, intercohort differences seem to be
slightly more pronounced than those between the offspring
of infertile and fertile couples. However, these discrepancies
may be attributed to the limited number of data points for
two of the cohorts, which may have affected the construc-
tion of polynomial equations and complicated a qualitative
comparison between cohorts. We have also tried to minimize
this source of bias by adjusting our analyses for cohort. In
any case, our conclusions beyond 13 years of age may be
subject to potential biases. They should be interpreted care-
fully and validated in further studies incorporating addi-
tional time points in adolescence, early adulthood, or later
in life. Fourth, our results may have been also affected by se-
lection bias because there were some differences between
included and nonincluded participants (included partici-
pants were older, less likely to be smokers, more educated,
more likely to be of European origin, and less likely to
have more than one offspring). Fifth, the ALSPAC study
measured lipids in nonfasting plasma or serum samples up
to the age of 9 years and glucose in nonfasting venous blood
samples at the age of 7 years. In contrast, the remaining
measurements in this cohort and the other two were con-
ducted using fasting blood, plasma or serum samples. This
difference in sample collection methods may have contrib-
uted to the variability of these parameters among the three
cohorts within this age range, potentially limiting our ability
to detect differences. Finally, our study population, primar-
ily of European origin, may limit the generalizability of our
findings to populations with similar genetic backgrounds.
CONCLUSIONS
Offspring of couples with infertility, compared with those of
fertile couples, had increasing BMI differences over time,
higher WC in adolescence (which was later attenuated),
slightly higher blood pressure from childhood to adulthood,
and tended to have higher LDL-C levels and lower HDL-C
levels with age (starting in their adolescence). To our knowl-
edge, this is the largest study assessing the differences in car-
diometabolic trajectories between birth and early adulthood
according to parental infertility. These findings require vali-
dation in larger cohorts, measures at older ages, and a better
understanding of their mechanisms, but they suggest that
parental infertility may be an indicator of a poorer cardiome-
tabolic profile in offspring.
VOL. 121 NO. 5 / MAY 2024
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Infertilidad parental y trayectorias cardiometab�olicas de la descendencia: an�alisis conjunto de tres cohortes europeas.

Objetivo: Evaluar si la infertilidad parental se asocia con diferencias en el comportamiento cardiometab�olico en la descendencia.

Dise~no: An�alisis observacional agrupado en tres cohortes prospectivas.

Entorno: Tres cohortes de embarazos de �ambito nacional.

Pacientes: Un total de 14.609 hijos �unicos del Estudio Longitudinal Avon de Padres e Hijos del Reino Unido, del estudio portugu�es
Geracao 21, y
del estudio Amsterdam Born Children and Their Development. Cada cohorte aport�o datos hasta los 26, 12 y 13 a~nos de edad,
respectivamente.

Intervenci�on: La infertilidad parental se define como un tiempo hasta el embarazo de R12 meses (n . 1.392, 9,5%).

Principales medidas de resultados: Se compararon las evoluciones del índice de masa corporal (IMC), el perímetro de cintura, la pre-
si�on arterial sist�olica, la presi�on arterial diast�olica, el nivel de colesterol de lipoproteínas de baja densidad (LDL-C), el nivel de colesterol
de lipoproteínas de alta densidad (HDL-C), el nivel de triglic�eridos y el nivel de glucosa en la descendencia de parejas con y sin inferti-
lidad. Las evoluciones se modelaron mediante modelos de efectos mixtos con splines c�ubicos naturales ajustados por cohorte, sexo de la
descendencia y factores maternos (edad, IMC, tabaquismo, nivel educativo, paridad y etnia). Los niveles predichos de rasgos cardiome-
tab�olicos hasta los 25 a~nos de edad se compararon con la infertilidad parental.

Resultados: Los hijos de parejas con infertilidad tenían un IMC cada vez m�as elevado (diferencia en los niveles medios previstos a los
25 a~nos: 1,09 kg/m2, intervalo de confianza del 95% [0,68-1,50]) y una presi�on arterial diast�olica sugestivamente m�as alta a la edad de
25 a~nos (1,21 mmHg [ 0,003 a 2,43]). Sus valores de LDL-C tendían a ser m�as altos, y sus valores de HDL-C tendían a ser m�as bajos con el
tiempo (edad: 25 a~nos, LDL-C: 4,07% [ 0,79 a 8,93];HDL-C: 2,78% [ 6,99 a 1,43]). A los 17 a~nos, los hijos de parejas con infertilidad
tenían un perímetro de cintura (1,05 cm [0,11-1,99]) y una presi�on arterial sist�olica (edad: 17 a~nos; 0,93 mmHg [0,044-1,81]) m�as el-
evados, pero estas diferencias se atenuaron a edades m�as avanzadas. No se observaron diferencias intergrupales en las evolucioness de
los niveles de triglic�eridos y glucosa. Los ajustes adicionales por edad paterna, IMC, tabaquismo y nivel educativo, así como los ante-
cedentes de diabetes e hipertensi�on de ambos progenitores en la cohorte que disponía de esta informaci�on (Avon Longitudinal Study of
Parents and Children) no atenuaron las diferencias intergrupales.

Conclusiones: Los hijos de parejas con infertilidad en relaci�on con los de parejas f�ertiles tienen un IMC cada vez m�as elevado con los
a~nos, niveles de presi�on arterial sugestivamente m�as altos y tienden a tener valores mayores de LDL-C y menores de HDL-C con la edad.
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