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Background: Evidence suggests that transitioning to motherhood at a younger age is
associated with higher levels of cardiovascular biomarker risk factors later in life. While
early-life confounding factors alongside social and behavioural pathways contribute to this
association, residual confounding may remain.

Objective: To investigate the relationship between age at first childbirth and later life
cardiovascular biomarker risk factors (BMI, android/gynoid fat ratio, blood pressure, lipid
profile), and environmental and genetic confounding in female twins.

Participants and setting: Participants were 2,204 mothers from the TwinsUK cohort (549
di-, 553 monozygotic twin pairs) who were 50 years or older and had data on age at first
birth, at least one outcome, and selected covariates.

Methods: Generalised estimation equations were used to analyse (1) individual-level crude
associations of age at first birth with the outcomes, (2) di- and monozygotic between and
within-family estimates, and (3) covariate-adjusted associations.

Results: Individual-level analyses suggest that women with age at first birth <20 years
(compared to 25—29 years) had higher mean BMI, android/gynoid fat ratio, and triglyceride
levels after age 50. However, confidence intervals were wide. Considering within-family
estimates, effect size reductions suggest partial confounding by early environmental factors,

with associations for android/gynoid fat ratio persisting.
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Conclusion: Family-level confounding plays a role in the link between age at first birth and
cardiovascular biomarker risk factors. Age at first birth <20 may be associated with increased
cardiovascular biomarker risk. Larger representative and/or twin studies are needed to assess
these findings’ significance, robustness to confounding, and specific pathways.

Keywords maternal age * cardiovascular biomarker risk factors ¢ twin design * longitudinal
studies * age at first birth

Key messages

*  Young age at first birth is associated with adverse cardiovascular biomarker risk in
later life.

e Uncertainties remain about residual confounding in this relationship.

e Co-twin control design findings highlight the role of early life family-level confounding.

*  Young age at first birth remains a risk factor, particularly for android/gynoid fat ratio.

To cite this article: Schneider, V., Lacey, R., Di Gessa, G., Bowyer, R., Steves, C.
and McMunn, A. (2025) Association between timing of motherhood and prospective
cardiovascular biomarker risk factors: a twin study, Longitudinal and Life Course Studies,
Early View, DOI: 10.1332/17579597Y 2025000000038

Several studies have reported negative associations between the age at which a
woman has their first child and later life morbidity. For example, teenage mothers
had higher odds of reporting fair/bad health (Grundy and Foverskov, 2016;
Tomassini et al, 2018) or chronic conditions (Sironi, 2019) later in life compared
to women with older ages at first birth across Western and Eastern European
countries. Age at first birth seems to be particularly relevant to cardiovascular (CV)
biomarkers and disease risk (Hardy et al, 2009; Lacey et al, 2017; Rosendaal and
Pirkle, 2017; Sironi et al, 2020). Research conducted using British cohort studies
(that is, 1958 National Child Development Study, 1946 National Survey of Health
& Development) has consistently found that age at first birth before the age of 20
years was associated with later life higher CV biomarker risk factors (including BMI/
obesity, blood pressure, lipid profiles and inflammation) compared to mothers with
older ages at first birth (Hardy et al, 2009; Lacey et al, 2017; Sironi et al, 2020).
However, unpacking the causal mechanisms in this association is complex, with
evidence on selection effects and confounding due to childhood factors (Hardy
et al, 2009; Lacey et al, 2017; Sironi et al, 2020).

Early life factors on the family and individual level complicate the relationship
between age at first birth and later CV health. For example, household social
disadvantages (for example, economic disadvantage or family disruption) are both
associated with earlier parenthood (Kearney and Levine, 2012; Aluga and Okolie,
2021) and are themselves independent risk factors of worse CV health biomarker
risk factors later in life (Stannard et al, 2022; Natale et al, 2023). On the individual
level, those with worse early-life health may select into earlier parenthood due to
fertility concerns and are more likely to have worse CV health later in life (Pool et
al, 2021). Early pubertal development is related to earlier sexual activity and CV
disease/biomarker risk factors later in life (Hardy et al, 2006; O’Kelly et al, 2022).
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Considering the mechanisms of the association of age at first birth and later life
CV biomarker risk factors, a number of pathways have been proposed. Physiological
explanations for the association between mothers’ age at first birth and later CV health
include risks introduced through pregnancy-related changes, such as hypertension
disorders and gestational diabetes, and their impact on later life outcomes (Parikh et al,
2016; Okoth et al, 2020; Sironi et al, 2020; O’Kelly et al, 2022). Women entering
parenthood at an earlier age may be at greater long-term risk of these (Gunderson
et al, 2012). However, studies including mothers and fathers and assessing social and
behavioural pathways have suggested that the latter play a bigger role (Hardy et al,
2009; Grundy and Read, 2015; Lacey et al, 2017). Proposed social pathways suggest
that early parenthood is more disruptive to education, careers and partnerships, thereby
causing economic and social support disadvantages compared to older parents (Hardy
et al, 2009; Lacey et al, 2017; Sironi et al, 2020). Furthermore, although parenting
may motivate to exercise good health and fewer risky behaviours (Gorlitz and Tamm,
2020), the association may also be explained by having less time to engage in health-
promoting behaviours (Grundy and Read, 2015). Education may indeed both act as
an early-life confounder or, considering continued education in adulthood, a mediator
of the relationship between age at first birth and health. Finally, younger women at
first birth are also more likely to have a higher number of total children, which may
be an independent predictor of later CV health (Lawlor et al, 2003; Hardy et al, 2007).

Consistent with this, previous studies have found evidence for early-life confounding
and mediating pathways in the association between age at first birth and CV biomarker
risk factors. Hardy et al (2009) found the association of age at first birth with most
CV biomarker risk factors in mothers was explained by confounding due to lower
childhood and adult socioeconomic status, lower educational attainment, as well as
lower physical activity levels and higher levels of smoking. However, associations
with blood pressure remained. Lacey et al (2017) also found partial mediation
via socioeconomic disadvantages, educational attainment, health behaviours,
working status, marital status and number of children while controlling for early
life confounding. Associations of age at first birth with BMI, blood pressure, HDL
cholesterol and fibrinogen were only partially explained by these factors.

Hence, there remain uncertainties in explaining the relationship between age at first
birth and later CV risk. One explanation could be unmeasured/residual confounding
and measurement error. Available data may not fully capture confounding due to
relevant early life factors. This is both because relevant confounders are not measured
and included confounders are measured with error. It is also not clear whether genetic
confounding could play a role in the association between age at first birth and CV
biomarker risk factors.

The present study aimed to build on previous work investigating the association
between age at first birth and subsequent CV risk factors and address confounding
due to the childhood family environment and genetics using data from the TwinsUK
registry (Verdi et al, 2019). Twin designs have the advantage that the design controls
for (unmeasured) confounding due to shared early-life environmental factors and
genetic predispositions. By using di- and monozygotic twin data, the present study
aimed to decompose confounding due to early-life shared environmental and genetic
factors, while also controlling for individual-level differences. Specifically, the research
questions we aimed to address were:
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1. What are the within-family associations between age at first birth and
CV biomarker risk factors in mothers, that is, when accounting for
confounding in the shared family environment (DZ twins) and/or shared
genetics (MZ twins)?

2. What are the adjusted within-family associations between age at first birth
and CV biomarker risk factors in mothers, when accounting for confounding
in the shared family environment (DZ twins) and/or shared genetics (MZ
twins) and confounding due to individual-level early life and adult factors?

Methods
Sample

This study analysed longitudinal data from mono- (MZ) and dizygotic (DZ) female
twins in the TwinsUK dataset (Verdi et al, 2019). TwinsUK is the largest registry of
adult volunteer twins in the UK and was set up in 1992 with data from over 15,000
twins between 18 and 100 years of age (TwinsUK, nd). The initial cohort of 7,000
volunteer female twins was found to be comparable to women in a British population
cohort study (Verdi et al, 2019) for most age-matched characteristics except for weight
(MZ twins had a lower weight). Multiple repeated biomarker measures and a range
of data are collected from participants during clinical visits and via questionnaires
(Verdi et al, 2019; Bowyer et al, 2022).

To be included in this particular study, twins needed to be born before 1974 (that
is, be at least 50 years old), be biological mothers of at least one child each, and be
reared in the same household (target sample; N=5,026; Figure 1). Furthermore, twins
needed to have one available biomarker outcome measure (see next section) after
reaching 50 years of age. The age at which the outcomes were measured needed
to be identical within each twin pair. Furthermore, twins needed to have complete
data on the exposure (age at first birth) and included covariates (see Figure 1 and
measurement section). The final analytic sample (N=2,204) included 549 DZ and 553
MZ twin pairs. The analytic and target samples were similar in most characteristics
(Table 1), however, the analytic sample consisted of a higher proportion of twins
born between 1945 and 1954 and a slightly higher proportion of women with first
childbirth at the ages 25-29 years versus 20—24 years. To account for any non-response
bias in the analytic sample, non-response weights were created (Supplementary Text
S1, Supplementary Figure S1).

Measures

Outcome measures

The study assessed BMI, android/gynoid fat ratio, systolic and diastolic blood pressure,
fasting triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein
(LDL) cholesterol. The android/gynoid fat ratio compares fat distribution in the
abdominal region (android) to that in the hips, buttocks and thighs (gynoid). This
measure has been shown to be a stronger predictor of cardiovascular risk than general
obesity measures (Okosun et al, 2015). As android fat is considered more harmful
than gynoid fat, a higher ratio means elevated risk.
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Figure 1: Flowchart of analytic sample

Individuals in TwinsUK cohort

n = 18,863 )
Exclusions n =13,837 due to

"
1
}
: No twins (n = 2,690)
| Missing data on sex or zygosity (n = 724)
1 Reared apart (n = 26)
"""""" > Born after 1973 (n = 3,640)
: Missing twin (n = 7)
1 Male sex (n = 1,974)
1 Not both parents (1 = 4,776)
1

Target sample
n=5,026

(1,247DZ and 1,266 MZ twin pairs)

Exclusions n = 2,822 due to

1
1
: No outcome measured at 50+ yrs (n = 1,322)
1 age at first birth (n = 554)
! birth order (n = 38)
early menarche (n = 4)
education (n = 904)

Analytic sample
n = 2,204

(549 DZ and 553 MZ twin pairs)

Notes: Abbreviations: DZ = dizygotic; MZ = monozygotic; yrs = years.

For blood pressure, repeat readings within the same visit were averaged. Due
to a large number of individuals without repeat readings, the first measure was
included in the main analysis. The impact of excluding the first blood pressure
reading was explored in sensitivity analyses. LDL was either directly measured or
derived from other lipid measures. Sensitivity analyses were conducted excluding
derived LDL measures.

For each twin pair, biomarker outcome measures were from the clinical visit
identified as the closest to and after the 50th birthday which were attended by both
twins within 365 days of each other.

Exposure

The exposure variable was age at first birth. This was derived from repeated
questionnaire data on family histories and ranged from 16 to 42 years of age. For
the analysis, this was categorised into ages <20, 20-24, 25-29 (ref), 30-34 and 235.

Covariates

All models accounted for age at outcome measurement (continuous) and cohort
(categorised into five levels by year of birth: <1935, 1935-1944, 1945-1954, 1955—
1964, 1965—1974). Twin birth order was used to account for birth order differences.
Age at first menstrual period was categorised into early menarche before 12 years of

Unauthenticated | Downloaded 02/08/25 07:58 PM UTC



Verena Schneider et al

Table 1: Characteristics of target population and participants included in the
analytic sample

Target population Analytic sample DZ (n=1,098) MZ (n=1,272)
(n=5,026) (n=2,204)
N M(SD)/ N Weighted N Weighted N Weighted
N(valid %) M(SD)/ M(SD)/ M(SD)/
N(valid %) N(valid %) N(valid %)
BMI (kg/m?) [3,690| 26.36 [2,200| 26.30 |1,096| 26.42 |1,104| 26.18
(4.74) (4.63) (4.72) (4.53)
Android-gynoid | 2,806 0.95 2,006 0.95 986 0.95 1,020 0.96
fat ratio (0.16) (0.16) (0.15) (0.16)
Blood pressure
Systolic 3,666| 126.75 |2,190| 126.22 |1,092| 126.30 [1,098| 126.14
(mmHg) (17.35) (17.25) (17.10) (17.42)
Diastolic 3,668| 78.62 |2,192| 7858 |[1,094| 79.34 |1,098| 77.82
(mmHg) (10.58) (10.67) (10.72) (10.58)
Lipids
Triglyc- 2,594 0.96 1,944 0.96 964 0.99 980 0.93
erides? (0.58) (0.57) (0.60) (0.55)
(mmol/L)
HDL 2,928 1.69 2,058 1.69 1,020 1.68 1,038 1.70
(mmol/L) (0.47) (0.46) (0.44) (0.48)
LDL 2,922 3.48 2,058 3.50 1,020 3.48 1,038 3.61
(mmol/L) (1.03) (1.03) (1.03) (1.03)
Year of birth 5,026 2,204 1,098 1,106
<1935 482 126 50 76
(9.59) (5.72) (4.55) (6.87)
1935-1944 1,254 606 296 310
(24.95) (27.50) (26.96) (28.03)
1945-1954 1,734 948 512 436
(34.50) (43.01) (46.63) (39.42)
1955-1964 1,034 440 210 230
(20.57) (19.96) (19.13) (20.80)
1965-1973 522 84 30 54
(10.39) (3.81) (2.73) (4.88)
Age at first 5,026 2,204 1,098 1,106
birth (years)
N(%) 752
missing (14.96)
<20 341 161 80 81
(7.98) (7.30) (7.29) (7.32)
20-24 1,516 717 385 332
(35.47) (32.53) (35.06) (30.02)
25-29 1,681 877 407 470
(36.99) (39.79) (37.07) (42.50)
30-34 657 345 172 173
(15.37) (15.65) (15.66) (15.64)
> 35 179 104 54 (4.92) 50 (4.52)
(4.19) (4.72)
N children 5,026 2,204 1,098 1,106
(Continued)
6
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Table 1: Continued

Target population Analytic sample DZ (n=1,098) MZ (n=1,272)
(n=5,026) (n=2,204)
N M(SD)/ N Weighted N Weighted N Weighted
N(valid %) M(SD)/ M(SD)/ M(SD)/
N(valid %) N(valid %) N(valid %)
N(%) 2,159 765 335 430
missing (42.96) (34.71) (30.51) (38.88)
1 354 166 98 68
(12.35) (11.54) (12.84) (10.06)
2 1,496 793 401 392
(52.18) (55.11) (52.56) (57.99)
>3 1,017 480 264 216
(35.47) (33.36) (34.60) (31.95)
Birth order 5,026 2,204 1,098 1,106
N(%) 1,368
missing (27.22)
1st 1,829 1,102 549 553
(50) (50) (50) (50)
2nd 1,829 1,102 549 553
(50) (50) (50) (50)
Early 5,026 2,204 1,098 1,106
menarche
N(%) 1,328
missing (26.42)
<12 yrs 559 356 210 146
(15.12) (16.15) (19.13) (13.20)
12+ yrs 3,139 1,848 888 960
(84.88) (83.85) (80.87) (86.80)
Education 5,026 2,204 1,098 1,106
N(%) 2,419
missing (48.13)
No 452 395 217 178
qualification (17.34) (17.92) (19.76) (16.09)
< A-levels 927 794 388 406
(35.56) (36.03) (35.34) (36.71)
A-levels 119 107 53 54
(4.56) (4.85) (4.83) (4.88)
Degree 1,109 908 440 468
(42.54) (41.20) (40.07) (42.31)

Notes: 2 Distribution skewed; median and IQR are presented. Biomarker distributions have been winsorised at
0.5% and 99.5%. Abbreviations: BM| = body mass index; DZ = dizygotic; HDL = high-density lipoprotein; LDL
= low-density lipoprotein; M = mean; MZ = monozygotic; SD = standard deviation.

age versus 12 years or older (O’Kelly et al, 2022). Highest educational attainment
was categorised into a four-level variable (no qualification, <A-levels/ISCED Level
3, A-levels/ISCED Level 3, Degree/Tertiary education).

Data analysis

Analyses were conducted in R using the geepack package (Hojsgaard et al, 2005) and
weighted using non-response weights.
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For each outcome, separate models were run to compare the standardised regression
coefficients (Carlin et al, 2005; Baldwin et al, 2021): first, individual-level generalised
estimating equation (GEE) models (with exchangeable correlation structure) were
used to obtain standardised regression coeflicients for the association between age
at first birth and respective CV risk factors (Model 1). Second, co-twin control
design GEE models were run for DZ and MZ twins separately to obtain between-
and within-family standardised regression coefficients (Models 2 and 3). All models
were run adjusted for age at outcome measurement and cohort and DZ and MZ
models were further adjusted for birth order, early menarche (Models 4 and 6), and
education (Models 5 and 7). Wald tests were conducted to assess differences between
coeficients at the between- and the within-family level.

Sensitivity analyses

To assess the robustness of the results, several sensitivity analyses were conducted:
first, models were rerun for blood pressure, excluding first readings (that is, those
with only one reading were excluded), and for LDL. In the main analysis, LDL
included directly measured LDL and derived measures (from other lipid measures
where direct measures were not available). In sensitivity analyses, only directly
measured LDL measures were included. Second, models decomposing between-
and within-family variance were also run in the combined sample, that is, not
stratified for DZ and MZ twins. While this does not permit the identification of
environmental versus genetic factors in the interpretation, the combined sample
provides an opportunity to assess the associations of age at first birth with outcomes
in a larger sample. Third, to increase statistical power, (1) models were run with a
binary exposure assessing associations for the group of women who had their first
child before the age of 20, and (2) only minimally adjusted (crude) models were
run for a larger sample.

Results

Characteristics of the sample

Table 1 describes the characteristics of the analytic sample (N=2,204). Most women
in the sample were born between 1935 and 1954 (70.5%). The largest group had
their first child between the ages 25 and 29 years old (39.8%; reference group). The
majority of women had two (55.1%) or more children (33.4%) and two in five women
had a degree (41.2%), while about 36.0% had no A-levels and 17.9% no qualification.
About 16.2% of women had their menarche before the age of 12 years old.
Women had a mean BMI of 26.30kg/m? (SD = 4.63), android/gynoid fat ratio of
0.95 (0.16), systolic blood pressure of 126 mmHg (17) and diastolic blood pressure
of 79 mmHg (11). The triglycerides distribution was skewed and the median
(interquartile range) is presented instead of means. Median triglycerides were 0.96
mmol/L (0.57), mean HDL 1.69 mmol/L (0.46) and mean LDL 3.50 mmol/L (1.03).
The mean ages at biomarker measurement ranged from 55.5 (BMI, blood pressure)
to 61.1 years of age (triglycerides) and age ranges were wide (up to 92 years).
Table 2 describes unadjusted weighted means for each outcome by age at first
birth for a sample of a randomly selected twin from each family (N=1,102).
The means suggest that there were higher BMI, android/gynoid fat ratio, and
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Table 2: Unadjusted weighted means (95% Cl) of CV risk factor by age at first birth in a
random single twin sample (N=1,102)

<20yrs 20-24 yrs 25-29 yrs 30-34 yrs >35yrs
BMI (kg/m?) 27.19 26.67 26.08 26.08 26.76
(26.19; 28.19) | (26.18; 27.16) | (25.65; 26.51) | (25.39; 26.77) | (25.25; 28.27)
Android-gynoid 1.00 0.97 0.93 0.95 0.92
fat ratio (0.96; 1.04) (0.95; 0.99) (0.91; 0.95) (0.93; 0.97) (0.86; 0.98)
Blood pressure
Systolic 125.37 127.02 125.51 126.87 125.09
(mmHg) (121.82; (125.37; (123.82; (123.91; (120.19;
128.92) 128.67) 127.20) 129.83) 129.99)
Diastolic 77.44 79.12 78.2 78.11 78.09
(mmHg) (75.13; 79.75) | (78.06; 80.18) | (77.12; 79.28) | (76.23; 79.99) | (74.70; 81.48)
Lipids
Triglycerides? 1.01 0.98 0.94 0.93 0.86
(mmol/L) (0.79; 1.44) (0.76; 1.38) (0.73; 1.23) (0.76; 1.31) (0.69; 1.31)
HDL 1.61 1.66 1.69 1.73 1.91
(mmol/L) (1.49; 1.73) (1.62; 1.70) (1.65; 1.73) (1.65; 1.81) (1.77; 2.05)
LDL 3.50 3.57 3.42 3.48 3.26
(mmol/L) (3.26; 3.74) (3.45; 3.69) (3.32; 3.52) (3.32; 3.64) (3.01; 3.51)

Notes: 2Distribution skewed; median and IQR are presented. Distributions have been winsorised at 0.5% and
99.5%. Abbreviations: BMI = body mass index; Cl = confidence interval; CV = cardiovascular; HDL = high-
density lipoprotein; LDL = low-density lipoprotein; yrs = years.

triglycerides and lower mean HDL in women who had their first child before
their 20th birthday compared to older ages at first birth. However, confidence
intervals are overlapping.

Association between age at first birth and CV biomarker risk factors

Results from age and cohort-adjusted models suggest that compared to women
having their first child between the ages of 25 and 29, women with age at first birth
<20 had higher mean BMI (standardised p = 0.21; 95% CI = -0.01, 0.43), android/
gynoid fat ratio (standardised B = 0.38; 95% CI = 0.15, 0.61), and triglyceride
levels (standardised p = 0.22; 95% CI = -0.02, 0.45; Table 3; Supplementary figures
S2-S8). Age at first birth between the ages of 20 and 24 was also associated with
higher BMI (standardised f = 0.14; 95% CI = 0.00, 0.27), android/gynoid fat
ratio (standardised p = 0.20; 95% CI = 0.05, 0.34), triglycerides (standardised [
=0.14; 95% CI = -0.01, 0.30) and LDL (standardised f = 0.13; 95% CI = -0.02,
0.28), while women who had a first child after their 35th birthday had higher
HDL (standardised B = 0.43; 95% CI = 0.12, 0.74), compared to age at first birth
between 25 and 29 years.

What are the DZ within-family associations between age at first birth and CV biomarker risk
Sfactors in mothers, that is, when accounting for confounding in the shared family environment?

Differences in the between- and within-family standardised estimates from the DZ co-
twin control design were assessed to understand the impact of the shared environment,
that is, the effect of differences between individuals in the same twin-dyad who
shared their childhood household versus differences between families. Between-
family coefficients were similar to or larger than the individual-level coeflicients
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Table 3: Minimally adjusted standardised regression coefficients (95% ClI) for
individual-level, DZ and MZ weighted co-twin desigh models (Models 1-3)

10

Model 1 Model 2 (DZ) Model 3 (MZ)
(individual-level) | petween-family | Within-family | Between-family | Within-family
BMI (N=1,100; N,,=548; N, ,=552)
<20 0.21 0.48 -0.30 0.41 0.02
(-0.01; 0.43) (0.00; 0.96)" | (-0.85; 0.26)" | (0.00; 0.82) |(-0.48; 0.52)
20-24 0.14 0.15 0.09 0.23 -0.14
(0.00; 0.27) (-0.11; 0.41) | (-0.21; 0.38) | (-0.02; 0.49) | (-0.42; 0.14)
25-29 ref ref ref ref ref
30-34 0.00 -0.11 0.09 0.04 0.07
(-0.18; 0.18) (-0.46; 0.23) | (-0.26; 0.43) | (-0.29; 0.37) | (-0.28; 0.41)
>=35 0.12 -0.29 0.13 0.19 0.57
(-0.21; 0.44) (-0.90; 0.31) | (-0.51;0.78) | (-0.40; 0.77) | (0.11; 1.04)
Android/gynoid fat ratio (N=1,003; N_,=493; N,,,=510)
<20 0.38 0.43 -0.14 0.42 0.65
(0.15; 0.61) (-0.01; 0.87) | (-0.68; 0.41) | (-0.02; 0.87) | (0.08; 1.22)
20-24 0.20 0.03 0.15 0.27 0.30
(0.05; 0.34) (-0.25; 0.30) | (-0.16; 0.46) | (0.00; 0.54) |(-0.01; 0.61)
25-29 ref ref ref ref ref
30-34 0.11 -0.33 0.27 0.27 0.18
(-0.09; 0.30) | (-0.67; 0.00)" | (-0.13; 0.67)" | (-0.08; 0.63) | (-0.20; 0.56)
>=35 -0.09 -0.43 -0.06 -0.19 0.44
(-0.42; 0.24) (-0.94; 0.09) | (-0.64; 0.51) | (-0.87; 0.50) |(-0.35; 1.22)
Systolic blood pressure (N=1,095; N_,=546; N,,,=549)
<20 0.08 0.14 -0.12 0.13 0.10
(-0.15; 0.31) (-0.33; 0.60) | (-0.51; 0.28) | (-0.32; 0.58) | (-0.45; 0.64)
20-24 0.09 0.06 -0.28 0.31 0.20
(-0.05; 0.23) (-0.21; 0.32) | (-0.61; 0.05) | (0.03; 0.59) |(-0.09; 0.48)
25-29 ref ref ref ref ref
30-34 0.13 0.13 -0.02 0.24 0.14
(-0.07; 0.32) (-0.27; 0.54) | (-0.37; 0.34) | (-0.14; 0.62) | (-0.23; 0.51)
>=35 -0.02 -0.06 -0.14 -0.10 0.28
(-0.33; 0.29) (-0.64; 0.52) | (-0.76; 0.47) | (-0.60; 0.40) | (-0.27; 0.83)
Diastolic blood pressure (N=1,096; N, ,=547; N,,,=549)
<20 0.00 0.13 -0.40 0.12 0.06
(-0.23; 0.24) (-0.37; 0.64) | (-0.92; 0.12) | (-0.36; 0.60) | (-0.48; 0.61)
20-24 0.08 -0.04 -0.23 0.30 0.17
(-0.06; 0.22) (-0.30; 0.22) | (-0.54; 0.08) | (0.04;0.57) |(-0.12; 0.46)
25-29 ref ref ref ref ref
30-34 0.02 -0.14 -0.21 0.20 0.17
(-0.18; 0.21) (-0.52; 0.23) | (-0.58; 0.16) | (-0.17; 0.57) | (-0.25; 0.59)
>=35 0.00 0.23 -0.29 -0.02 0.03
(-0.33; 0.33) (-0.39; 0.84) | (-0.97; 0.38) | (-0.58; 0.53) | (-0.57; 0.63)
Triglycerides® (N=972; N_,=482; N, ,.=490)
<20 0.22 0.33 0.06 0.30 0.09
(-0.02; 0.45) (-0.13; 0.78) | (-0.50; 0.61) | (-0.13; 0.72) | (-0.43; 0.62)
20-24 0.14 0.13 0.03 0.24 0.06
(-0.01; 0.30) (-0.18; 0.43) | (-0.31; 0.38) | (-0.04; 0.52) | (-0.27; 0.38)
(Continued)
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Table 3: Continued

Model 1 Model 2 (DZ) Model 3 (M2)
(individual-level) | getween-family | Within-family | Between-family | Within-family
25-29 ref ref ref ref ref
30-34 0.05 0.03 0.00 0.07 0.16
(-0.14; 0.24) (-0.39; 0.45) | (-0.40; 0.39) | (-0.26; 0.41) | (-0.19; 0.51)
>=35 -0.02 0.14 0.23 -0.27 -0.20

(-0.37; 0.34) | (-0.62; 0.89) | (-0.51;0.97) | (-0.80; 0.26) |(-0.71; 0.32)

HDL (N=1,029; N_,=510; N,,,=519)

<20 -0.13 -0.15 0.11 -0.33 0.10
(-0.39;0.14) (-0.60; 0.30) | (-0.49; 0.70) | (-0.81;0.16) |(-0.45; 0.66)

20-24 -0.04 0.07 0.02 -0.16 0.06
(-0.19;0.11) (-0.17; 0.30) | (-0.34;0.37) | (-0.46; 0.14) |(-0.26; 0.37)

25-29 ref ref ref ref ref

30-34 0.10 0.26 0.32 -0.04 -0.18
(-0.09; 0.29) (-0.17; 0.70) | (-0.04; 0.67) | (-0.41; 0.34) |(-0.56; 0.20)

>=35 0.43 0.63 0.28 0.77 0.00

(0.12;0.74) | (0.10;1.17) | (-0.23;0.79) | (0.15; 1.39) |(-0.67; 0.68)
LDL (N=1,029; N_,=510; N,,=519)

<20 0.05 -0.45 0.22 0.15 0.30
(-0.21; 0.31) (-0.89; 0.00) | (-0.35;0.78) | (-0.40; 0.70) |(-0.30; 0.91)
20-24 0.13 0.02 0.16 0.17 0.21
(-0.02; 0.28) (-0.24; 0.28) | (-0.19; 0.51) | (-0.12; 0.46) |(-0.13; 0.54)
25-29 ref ref ref ref ref
30-34 0.08 -0.28 0.21 0.27 0.07
(-0.10; 0.27) (-0.65; 0.08) | (-0.15; 0.57) | (-0.09; 0.63) |(-0.29; 0.43)
>=35 -0.12 -0.11 -0.12 -0.18 -0.05

(-0.38; 0.15) | (-0.68; 0.46) | (-0.69; 0.45) | (-0.72; 0.35) |(-0.60; 0.51)

Notes: @ Distribution skewed; log transformed. Distributions have been winsorised at 0.5% and 99.5%. Models
are adjusted for age at measurement and cohort. * = significant different within- and between-level effects.
Abbreviations: BMI = body mass index; Cl = confidence interval; DZ = dizygotic; HDL = high-density lipoprotein;
LDL = low-density lipoprotein; MZ = monozygotic.

(Table 3; Supplementary figures S2—S8). For example, compared to age at first birth
between 25 and 29 years, between-family coefficients suggested that women who
had their first child before their 20th birthday had a standardised p = 0.48 SDs (95%
CI = 0.00; 0.96) higher BMI after the age of 50. In within-family estimates, these
effects were not sustained and the point estimate had an opposite effect direction
(standardised ﬁ = -0.30; 95% CI = -0.85, 0.26). Larger differences in between- and
within-family standardised coefficients were seen in the youngest and oldest age
at first birth categories, but confidence intervals were wide and the Wald tests for
difference were mostly not significant.

What are the MZ within-family associations between age at first birth and CV” biomarker risk
Sfactors in mothers, that is, when accounting for confounding in the shared family environment and

shared genetics?

Differences in the standardised between- and within-family estimates from
the MZ co-twin control design were assessed to understand the impact of the
shared environment and genetics, that is, the effect of differences between
individuals in the same twin-dyad who shared their childhood household and
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genetics versus differences between families. As with the DZ results, standardised
between-family coefficients were mostly similar or larger than the individual-
level coefficients, while on the within-family level, these were not sustained
(Table 3; Supplementary figures S2-S8). However, exceptions were seen for
android/gynoid fat ratio (standardised B = 0.65; 95% CI = 0.08, 1.22), suggesting
higher means for age at first birth <20 compared to 25 to 29 years. Women
who have their first child after their 35th birthday had higher BMIs later in
life (standardised B = 0.57; 95% CI = 0.11, 1.04), independent of early-life

environmental and genetic factors.

Table 4: Adjusted standardised within-family regression coefficients (95% ClI) from
weighted DZ and MZ co-twin design models adjusted for age at measurement, cohort,
age at menarche, and birth order (Models 4 and 6) and additionally for education
(Models 5 and 7)

Model 4 (DZ)

| Model 5 (DZ)

| Model 6 (M2)

| Model 7 (M2)

BMI (N,,=548; N,,=552)

<20 -0.31 (-0.87; 0.24) | -0.29 (-0.84;0.27) | -0.03 (-0.53; 0.47) -0.05 (-0.55; 0.44)
20-24| 0.10(-0.19; 0.39) 0.10 (-0.19; 0.39) -0.15(-0.43; 0.13) -0.15(-0.43; 0.14)
25-29 ref ref ref ref

30-34 | 0.09 (-0.26; 0.43) 0.11 (-0.24; 0.47) 0.06 (-0.28; 0.41) 0.06 (-0.28; 0.40)
>=35 0.18 (-0.45; 0.81) 0.19 (-0.43; 0.80) 0.57 (0.11; 1.02) 0.57 (0.12; 1.01)

Android/gynoid fat ratio (N,,=493; N, ,=510)

<20 -0.14 (-0.69; 0.41) | -0.13 (-0.67; 0.41) 0.59(0.03; 1.15) 0.56 (0.00; 1.13)
20-24 | 0.15(-0.16; 0.46) 0.15 (-0.16; 0.46) 0.28 (-0.03; 0.59) 0.28 (-0.03; 0.59)
25-29 ref ref ref ref

30-34| 0.27 (-0.14; 0.67)" 0.28 (-0.13; 0.68) 0.18 (-0.20; 0.56) 0.18 (-0.21; 0.56)
>=35 | -0.05(-0.62; 0.53) | -0.04 (-0.62; 0.53) 0.42 (-0.36; 1.20) 0.43 (-0.35; 1.21)

Systolic blood pressure (N;,=546; N,,,=549)

<20 -0.07 (-0.47;0.33) | -0.04 (-0.42; 0.36) 0.11 (-0.43; 0.64) 0.10 (-0.43; 0.64)
20-24 | -0.28 (-0.61; 0.04) | -0.28 (-0.60; 0.04) 0.20 (-0.09; 0.49) 0.20 (-0.09; 0.49)
25-29 ref ref ref ref

30-34 | -0.05(-0.41; 0.31) | -0.01 (-0.36; 0.35) 0.13 (-0.24; 0.50) 0.13 (-0.24; 0.50)
>=35 | -0.11(-0.7;0.49) | -0.10(-0.71; 0.52) 0.26 (-0.30; 0.81) 0.26 (-0.30; 0.81)

Diastolic blood pressure (N ,=547; N, ,=549)

<20 -0.37 (-0.89; 0.16) | -0.35(-0.88; 0.18) 0.05 (-0.49; 0.59) 0.05 (-0.49; 0.59)
20-24 | -0.23 (-0.53; 0.08) | -0.23 (-0.53; 0.08) 0.17 (-0.13; 0.46) 0.17 (-0.13; 0.47)
25-29 ref ref ref ref

30-34 | -0.24 (-0.62; 0.14) | -0.22 (-0.60; 0.15) 0.16 (-0.27; 0.58) 0.16 (-0.27; 0.58)
>=35 | -0.25(-0.90; 0.40) | -0.24 (-0.90; 0.41) 0.00 (-0.60; 0.60) 0.00 (-0.60; 0.60)

Triglycerides?® (N,=482; N,,,=490

)

<20 0.00 (-0.56; 0.55) -0.01 (-0.56; 0.54) 0.05 (-0.46; 0.57) 0.04 (-0.48; 0.56)
20-24| 0.07 (-0.27; 0.41) 0.07 (-0.27; 0.42) 0.04 (-0.29; 0.36) 0.04 (-0.29; 0.36)
25-29 ref ref ref ref

30-34 | 0.02 (-0.36; 0.41) 0.01 (-0.37; 0.40) 0.15 (-0.20; 0.50) 0.15 (-0.21; 0.50)
>=35 0.27 (-0.46; 1.01) 0.27 (-0.46; 1.01) -0.22 (-0.72; 0.28) -0.22 (-0.72; 0.28)
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Table 4: Continued

Model 4 (DZ)

Model 5 (DZ)

Model 6 (M2)

Model 7 (M2)

HDL (N,,=510; N,,=519)

<20 0.11 (-0.48; 0.70) 0.07 (-0.51; 0.66) 0.12 (-0.44; 0.68) 0.15(-0.41; 0.70)
20-24| 0.01 (-0.35; 0.37) 0.01 (-0.34; 0.36) 0.06 (-0.25; 0.38) 0.06 (-0.25; 0.38)
25-29 ref ref ref ref

30-34 | 0.31 (-0.04; 0.67) 0.28 (-0.08; 0.64) -0.18 (-0.56; 0.20) -0.18 (-0.57; 0.21)
>=35 0.26 (-0.25; 0.76) 0.25 (-0.24; 0.73) -0.01 (-0.68; 0.67) -0.01 (-0.67; 0.66)

LDL (N,,=510; N,,,=519)

<20 0.20 (-0.36; 0.77) 0.18 (-0.39; 0.74) 0.28 (-0.32; 0.88) 0.29 (-0.32; 0.89)
20-24 | 0.17 (-0.18; 0.52) 0.17 (-0.18; 0.52) 0.20 (-0.13; 0.54) 0.20 (-0.13; 0.54)
25-29 ref ref ref ref

30-34 | 0.21 (-0.15; 0.57) 0.19 (-0.18; 0.55) 0.08 (-0.28; 0.44) 0.08 (-0.28; 0.44)
>=35 | -0.08 (-0.65; 0.49) | -0.09 (-0.66; 0.48) -0.03 (-0.59; 0.52) —-0.03 (-0.59; 0.52)

Notes: @ Distribution skewed; log transformed. Distributions have been winsorised at 0.5% and 99.5%. " =
significant different within- and between-level effects. Abbreviations: BMI = body mass index; Cl = confidence
interval; DZ = dizygotic; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MZ = monozygotic.

What are the adjusted within-family associations between age at first birth and CV biomarker
risk factors in mothers, that is, when accounting for confounding in the shared family environment
(DZ twins) and/or shared genetics (MZ twins) and confounding due to individual-level early life
and adult factors?

Further adjustment for individual-level covariates birth order, age at menarche, and
educational attainment did not substantially alter the standardised within-family effect
sizes and interpretation in most instances (Table 4; Supplementary figures S2—-S8).

Sensitivity analyses

Trends in standardised effect sizes from models unstratified by zygosity, from
unweighted models and sensitivity analyses excluding first blood pressure, excluding
calculated LDL measurements, using a binary exposure or a larger sample for
crude analyses did not substantially alter the main interpretation of the findings
(Supplementary tables S1-S8). Specifically, the finding from MZ within-family
effects that age at first birth <20 years was associated with a higher android/gynoid
fat ratio later in life was replicated across models (point estimate range: standardised
B = 0.35-0.68), however, with varying confidence intervals.

Discussion

Individual level analyses suggest that women with age at first birth <20 years had higher
mean BMI, android/gynoid fat ratio, and triglyceride levels later in life compared to
women who had their first child between 25 and 29 years of age. Age at first birth
between the ages of 20 and 24 was also associated with higher mean BMI, android/
gynoid fat ratio, LDL and triglyceride levels after the age of 50. However, confidence
intervals were wide and differences between standardised between and within-family
coeficients indicate that confounding due to the shared family environment and,
potentially, genetic factors play a role in this association. Considering fully adjusted
MZ within-family coefficients, results suggest that age at first birth <20 years may
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be associated with increased android/gynoid fat ratio, independent of shared early-
life environmental factors, genetic factors and confounding via birth order, early
menarche and education. While confidence intervals were wide, this was a robust
finding in sensitivity analyses.

These findings add to and extend previous literature. This study’s individual-level
results for women with younger age (that 1s, <20 years) at first birth replicate previous
findings of increased CV risk for younger age at first birth (Hardy et al, 2009; Lacey
et al, 2017; Sironi et al, 2020). Considering the MZ within-family coeflicients,
associations between age at first birth before the age of 20 with increased android/
gynoid fat ratio were maintained, although with wide confidence intervals. Previous
studies have shown that associations can partially be explained by confounding in
early life, as well as social and behavioural pathways (Hardy et al, 2009; Lacey et al,
2017). This study adds to the previous findings by allowing for more stringent
control of confounding due to the early-life family environment and genetics. In
most instances, further control for individual-level confounders including education
did little to change the size of the effect.

To our knowledge, this is the first study to assess the association between age at
first birth and later life CV biomarker risk factors using a co-twin design. While
the co-twin design’s strengths are the ability to account for confounding of family-
level and genetic factors, this study also had several limitations: First, the sample size
was small, resulting in wide confidence intervals. This limited the interpretation of
findings for other age-at-first-birth groups in the present study. The interpretations
presented here focus mainly on the <20 age at first birth group where results showed
stronger and more consistent associations, and sensitivity analyses are presented to
assess the robustness of the results.

Second, the statistical power for within-family effects was low (only 61.1% of
DZ and 57.9% of MZ twins were in different categories from their twin). Within-
family effects are also more vulnerable to bias arising from measurement error or
unmeasured confounding (Frisell et al, 2012). Therefore, we were cautious with
genetic interpretations of the within-family effect differences in DZ and MZ twins.
It might be tempting to attribute such differences to the increased shared genetics in
MZ pairs and therefore infer genetic confounding is driving an association. However,
this interpretation hinges on the assumption that MZ twins share the environment to
the same extent as DZ twins (equal environment assumption); an assumption which
has been challenged (Felson, 2014). We recommend further research into possible
genetic confounding of age at first birth and CV risk before drawing conclusions.

Third, the volunteer sample and survival bias mean that the study sample is
unlikely to be representative of the general population and further exclusions in the
definition of a complete case sample could have increased bias. Although the latter
was accounted for by creating non-response sample weights, we were only able to
compute these weights based on a limited set of variables and we cannot account
tully for sample representativeness.

Fourth, due to data availability and impacts on sample size, the present study was
not able to assess social, economic and behavioural pathways to explain the remaining
association between age at first birth and CV risk or adjust more comprehensively
for individual-level confounding (for example, baseline health). Although relevant
social, economic and behavioural measures were available in the TwinsUK dataset,
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these were measured at different ages and most unsuitable for consideration as a
mediator/ mechanism between the age at first birth and the outcome (measured at
50+ years). This reduces the comparability to other studies (Hardy et al, 2009; Lacey
et al, 2017). For example, it is possible that adult social, economic and behavioural
factors would explain the MZ within-family associations for android/gynoid fat
ratio, but this could not be determined in the present study. Other individual-level
unmeasured confounders may also play a role, such as baseline health. For example,
poor health or high BMI in early life may lead to both earlier menarche and be
associated with later life health. A related limitation is that women’s highest education
was collected when they were 50 years and above as educational data pre-dating the
birth of their first child was not available. Educational attainment can therefore both
be a confounder (that is, educational attainment up to age at first birth) and mediator
(that is, continued education after the birth of the first child), and it is possible that
effect sizes were over-adjusted. However, findings suggest that educational attainment
added little more to what was already accounted for by included confounders and
the (shared) early-life environment with the latter being a well-known predictor of
later educational attainment (Fergusson et al, 2008).

Fifth, large missingness of data on use of antihypertensives and statins meant that
we could not account for these in the blood pressure and cholesterol outcomes. Both
would have introduced bias in the outcomes and decreased precision.

Finally, measures for exposure and covariates were derived from questions from
different waves of data collection which had slightly different wording. Where possible,
multiple responses over time were used for quality control; however, it is possible that
the different measures may have introduced measurement error. Similarly, there was
a wide age range at which questionnaire data and clinical measures were collected.

These findings have implications for research with future studies benefitting from
larger and more representative (twin) samples. There are also practical implications
to identify parents most at risk of adverse CV health later in life, early on. This study
suggests that both early life and (young) parenthood are key life periods/events for
parents’ prospective health outcomes. Studying the most influential pathways in this
association (Hardy et al, 2009; Lacey et al, 2017) can help to identify the type of
support young parents need. While physiological pathways have also been proposed
including risks introduced through pregnancy-related changes (Gunderson et al,
2012), evidence of non-gender specific associations and behavioural and social
pathways in mothers and fathers lend more support to bio-social explanations (Hardy
et al, 2009; Lacey et al, 2017). Evidence from cross-country comparisons suggests
that social and economic country-level differences may modify the risk associated
with early parenthood (Grundy and Foverskov, 2016), for example via social norms
and family-supportive policies.

In conclusion, this co-twin design study suggests that the early-life family
environment and, potentially, genetics play a role in the association between young
age at first birth and later life adverse CV risk. Young age at first birth may be
associated with CV risks, particularly due to a higher android/gynoid fat ratio later
in life, independent of vulnerabilities in the family environment and genetic factors.
Larger representative and/or twin studies are needed to provide further support to
these findings, and to understand the nature of confounding, the specific pathways
and points for intervention.
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