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Abstract

Background: Cardiovascular disease (CVD) is the principal contributor to the burden of disease and mortality
worldwide. Previous studies observed associations between early age at first birth (AFB) and all-cause mortality. AFB
may be associated with CVD both through physiological and sociobiological pathways. In this paper, we review the
literature on AFB and CVD events and mortality. Additionally, we provide an overview of limitations of the current

research and recommendations for future research.

Methods: PubMed and Web of Science databases were searched for observational studies published between
1980-June 2016, investigating associations between AFB and CVD events and mortality. Data were extracted using a

pre-defined list.

Results: A total of 20 publications, reporting on 33 associations, were included in the review. Ten studies observed
a positive association between early AFB and CVD while two studies observed a positive association between later
AFB and CVD. Substantial methodological limitations were observed related to: operationalization of exposure
categories, choice of reference category, sample size, follow-up time and possibly over adjustment.

Conclusions: Early AFB is possibly related to CVD. More work, in particular from large cohort studies starting before
reproductive age is reached, is needed to better investigate this relationship, and to ascertain causal pathways that

may explain observed associations.
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Background

Cardiovascular disease (CVD) is the principal contribu-
tor to the burden of disease and mortality worldwide [1].
Risk factors for CVD may differ between men and
women. Until menopause, women appear at lower risk
of CVD than men [2]. After menopause, risk of CVD in-
creases in women and becomes similar to men [3]. Add-
itionally, traditional CVD risk factors are less predictive
of myocardial infarction in women compared to men
[4]. These observations prompted extensive research on
the associations of reproductive characteristics- parity,
age at menarche, age at menopause- with CVD in later
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life [2, 5, 6]. Findings are inconclusive. In contrast, there
is much less research investigating associations between
maternal age at first birth (AFB) and CVD.

Early AFB possibly influences CVD events and mortal-
ity. Numerous studies observe associations between
adolescent pregnancy and all-cause mortality [7-10].
Explanations range from the purely physiological to the
social and behavioral. Having a family is a central feature
of human existence and childbearing is a uniquely
female experience. The age at which one gives birth,
along with marital status and the circumstances of
pregnancy, can have dramatic and enduring conse-
quences on women and their families [11]. Adolescent
pregnancy may contribute to cumulative adversity
through a cascade of adverse events. Adolescent mothers
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frequently drop out of school and have lower economic
opportunities [11-13]. Potential consequences of adoles-
cent pregnancy such as low educational attainment, low
income, social isolation, and violence have all been re-
lated to adverse cardiovascular health outcomes [14—17].
At the same time, adolescent pregnancy may trigger
physiological changes in the body differently than adult
pregnancy. For example, because they are still growing,
weight-gain trajectories may differ for pregnant adoles-
cents compared to adult pregnant women, with adoles-
cents gaining and retaining more weight [18, 19].
Furthermore, adolescent pregnant women are exposed
to physiological changes accompanying pregnancy that
may irreversibly influence cardiovascular health earlier
in life than women who have children later, thus increas-
ing exposure durations [20]. In sum, AFB could influ-
ence cardiovascular health through multiple pathways.

This review has three objectives. First, we summarize
the peer-reviewed literature examining associations be-
tween AFB and CVD (events and mortality). Second, we
highlight important methodological limitations in the
reviewed studies. Third, we give specific recommenda-
tions to improve the state of the literature.

Methods

Search strategy

We reviewed observational studies published in aca-
demic journals between 1980 and June 2016 that expli-
citly investigated associations between AFB and CVD
events and/or mortality. To maximize the scope of the
review, we included articles that considered total cardio-
vascular or circulatory disease, cerebrovascular disease,
and coronary heart disease, but excluded peripheral ar-
terial disease, rheumatic heart disease, congenital heart
disease, deep vein thrombosis and pulmonary embolism.
We conducted a title search in PubMed and Web of Sci-
ence databases. For PubMed, we added medical subject
heading (MeSH) terms. The full list of search terms is
presented in Additional file 1.

Study selection

Retrieved citations were imported into a literature re-
view program, EPPI-reviewer 4 [21]. Titles and abstracts
of retrieved citations were screened for eligibility after
which, the full texts were retrieved and reviewed. Bibli-
ographies of the selected articles were searched and a
cited reference search was conducted to identify other
eligible studies. Any study that reported a measure of as-
sociation between AFB and CVD events or CVD mortal-
ity was considered eligible.

Data extraction
Prior to data collection, we established a data-extraction
form. This included: study design, location, year/
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duration of study, sample size, inclusion and exclusion
criteria, population age, operationalization of exposure,
point estimates, confounding variables and authors’ con-
clusion and interpretation of results. Concerning the au-
thors’ interpretation of findings, we specifically extracted
information on proposed causal pathways. NR extracted
data for all retained articles. CP independently extracted
data on a sample of five articles. No discernable differ-
ences in extracted data were noted between NR and CP
and thus, the authors concluded there was no need for
continued double data extraction. When information on
sample size and/or number of cases was missing, the au-
thors of the original article were contacted. Four authors
were contacted for additional information and two
replied.

Results

Study selection

A total of 416 unique records were identified in the da-
tabases. Eighty full text papers that mentioned examin-
ing either AFB or parity in their abstract were retrieved
for further evaluation. Eighteen studies were included
[22-39]. All others did not provide a measure of associ-
ation between AFB and CVD and were therefore ex-
cluded. Two publications [9, 10], were identified through
(cited) reference search of the included articles, totaling
the included publications to 20 (Fig. 1).

Study characteristics

Six publications used a case-control design, while 14
employed prospective cohort designs. Characteristics of
the case-control and cohort studies can be found in
Tables 1 and 2 respectively. The six case-control studies
all reported on a singular CVD outcome. Five of the co-
hort studies reported on only one CVD outcome, while
nine reported on two or more CVD outcomes, bringing
the total number of studied associations reported on to
33. Twenty-one of the 30 studied associations were on
mortality, five were on non-fatal CVD events and seven
were on a combination of fatal and non-fatal events.
Eighteen studies examined AFB and two examined age
at first pregnancy (AFP). From this point on, for the sake
of brevity, we will use the term AFB unless we are spe-
cifically referring to AFP.

The most recent study dated from May 2016 and the
earliest study dated from 1984. Eight studies were con-
ducted in the USA, seven in Western-European coun-
tries and five in higher income settings of Asia. The
sample size of the studies ranged from 140 to 1716
women in the case control studies and from 867 to
1,292,462 in the cohort studies. For the cohort studies,
the minimum and maximum durations of follow-up
were five years [9] and 57 years [27]. While some studies
started following women at young ages or from the time
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547 records were identified in PubMed
and Web of Science database search

» 131 records were duplicates
(416 unique records remained)
» 295 records were excluded based

on screening of titles
» 41 records were excluded based
on screening of abstracts

80 full text publications were
retrieved for further evaluation

> 62 publications that did not

2 publications were identified
from (cited) reference search

assess age at first birth were
excluded

20 publications were included in the systematic review

Fig. 1 Study selection process for inclusion in systematic review

J

of their first delivery and thus recorded AFB at baseline
and/or prospectively [10, 27, 38], the rest of the studies
began following women later in life and recorded AFB
retrospectively.

Study findings

Summarizing study results

As will be highlighted more in depth in latter sections of
the results, the appointment of reference category, oper-
alization of exposure categories, and adjustment for co-
variates is highly divergent between studies, rendering it
difficult to draw straightforward conclusions. Therefore,
we broadly synthesize the results per cardiovascular out-
come, but encourage readers to refer to Tables 3 and 4
in which information on risk categorization, reference
group, sample size and number of events by exposure
category, point estimates, confidence intervals, and co-
variate choices are schematically displayed. In these ta-
bles we also highlight potential sources of biases related
to these parameters.

Mortality

Cardiovascular disease (CVD)

In the five cohort studies reporting on CVD mortality,
young AFB was positively associated with CVD mortality.
In one of the five studies [32], the confidence interval
crossed the one (HR: 1.15, 95%CI: 0.99-1.3) (Table 4).

Coronary heart disease (CHD)

CHD overall

In four [9, 10, 25, 32] out of six studies reporting on
CHD mortality, the youngest AFB group was at highest

risk for CHD mortality. In three of these studies [10, 25,
32], the confidence interval crossed the 1 (Table 4). In
the fifth study [28], women with an AFB of 25-29 had a
lower HR (0.75, 95%CIL: 0.6—0.95) compared to women
with an AFB of 20-24 (reference category). Women in
the youngest AFB group, <20, were not compared to
women in the lowest risk group (AFB of 25-29) and the
CI largely overlapped 1 when comparing those <20 to
the reference group of AFB 20-24 (HR: 0.93, 95%Cl:
0.7-1.3). In the sixth study [36], women with an AFB of
>26 and women with an AFB of <23 were at higher risk
compared to women with an AFB of 23-25, but this
finding was not statistically significant (HR: 1.09, 95%CIL:
0.8-1.5 and HR: 1.17, 95%CI: 0.9-1.5 respectively).

Sudden cardiac death

One case-control study [37] reporting on sudden cardiac
death observed a positive association of young AFB with
sudden cardiac death when adjusted for age. This associ-
ation was attenuated when the authors adjusted for
smoking, but no longer for age (Table 3).

Cerebrovascular

Stroke overall

In all four cohort studies [9, 25, 32, 36] reporting on
cerebrovascular death (stroke), the women with the
youngest AFB were at greatest risk. All associations at-
tenuated in the fully adjusted models with point esti-
mates ranging from 1.14 to 1.4 and confidence intervals
just crossing the 1 (Table 4).
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Ischemic stroke, hemorrhagic stroke and subarchnoid
haemorrhage seperately

One study [28] reported on mortality from ischemic
stroke and hemorrhagic stroke. Women with an AFB
<20 compared to women with an AFB of 20-24 had an
HR of 1.23 (95%CI: 0.96—1.6) and 1.09 (95%CI: 0.9-1.3)
for ischemic and hemorrhagic stroke, respectively.

One cohort study [38] reporting on subarachnoid
hemorrhagic stroke observed an increased relative risk
for women with a first birth at age 26-30, as well as for
women aged older than 30 at first birth, compared to
women <26 at first birth. In an additional model, in
which AFB was analyzed as a continuous variable, the
study observed an increased relative risk for subarach-
noid hemorrhagic stroke for each year increase in age at
first birth (Table 4).

Events

Incident diagnosis of acute non-fatal myocardial infarction
All three studies [24, 31, 34] reporting on acute non-
fatal myocardial infarction, observed women with an
early AFB at highest risk (Table 3). It is important to
note that the reference category is nulliparous women in
the study by La Vecchia et al. [31] In the study by
Bertuccio et al. [24] the association attenuated in their
fully adjusted model.

Presence of heart disease

One study [30] observed a higher log odds ratio (0.36,
P < 0.01) for the presence of heart disease in women
with an AFB of <20 compared to 20 or older (Table 4).

Presence of stroke
One study [30] observed no evidence of an association
of an early AFB and the presence of stroke (Table 4).

Mixed outcomes (mortality and events)

Six studies, two case-control and four cohort studies ex-
amined a combination of fatal and non-fatal events. Four
[23, 26, 27, 35] of the studies examining AFB and CHD
events reported the young AFB group at higher risk
compared to the reference group, but this was statisti-
cally significant in only one [35] (Tables 3 and 4).
Cooper et al. [27] additionally observed a positive associ-
ation between older AFB (33-43) and CHD. A case-
control study by Okamoto et al. [33] reporting on fatal
and non-fatal subarachnoid hemorrhage observed an in-
creased risk with an AFB of 27 or older compared to
<27 (OR: 1.45; 95%CI: 0.91-2.33).

Yang et al. [39] reported on fatal and non-fatal ische-
mic and hemorrhagic stroke separately. Women with an
AFB 226 compared to 21-25 were at lower risk for is-
chemic stroke, but the association attenuated after
adjusting for age, socioeconomic, biomedical and health
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behavior factors. For hemorrhagic stroke, women with
an AFB of <21 had a relative risk of 2.0 (95%CI: 1.0-4.0)
compared to women with an AFB of 21-25, but this
finding attenuated when adjustment was made for a
number of socioeconomic, biomedical and health behav-
ior variables (relative risk:1.8; 95%CI: 0.8—4.1).

Highlighting important methodological differences and
limitations

Operationalization of exposure categories

The vast majority of studies investigate early AFB rather
than late AFB. The age cut-offs differ from one study to
another. The youngest AFB category was defined as fol-
lows: one study used <19; 12 studies used <20; two stud-
ies used <21; and one study each applied <23, <25, <27
as cut-offs. One study [34] used both <18 and <20 as an
early AFB cut-off. Another study [33] used a cut-off of
<26 and additionally, looked at AFB as a continuous
variable. The oldest AFB cut-offs were >31 in two stud-
ies, 232 and >33 in one study each and, >35 in two stud-
ies, all other studies had a lower cut-off (Table 3). In
general, authors did not justify their choice of cut-off.

Choice of reference category

The studies vary in the appointment of the reference
group. A small number of studies selected the youngest
or oldest age category as the reference category, while
most studies selected one of the intermediate age groups
as the referent group. A few studies include nulliparous
women in their analyses and appoint that group as the
reference group. Most studies limited their analyses to
parous women.

Sample size, age at follow-up and follow-up time

There is large variation in study sample size, years of
follow-up and age at follow-up (Tables 1 and 2). Studies
with a small sample size, short follow-up, young age at
follow-up, or a combination of the three are likely to rec-
ord fewer CVD events. Four cohort studies [9, 10, 27, 39]
report on one or more associations between AFB and a
CVD event with fewer than 150 total events.

Confounding variables and proposed pathways

A large variety of potential confounding variables were
included in the studies. Only half of the studies provided
explanations for their covariate choices [9, 10, 22, 23, 25,
28-30, 35, 39]. Explanations included “established risk
factors” [39], “potential confounding effects” [23] and “a
priori defined plausible confounder” [28]. Three articles
[22, 29, 30] explicitly presented a theoretical framework,
while for the other studies a theoretical underpinning
was implied. A number of studies present different stat-
istical models in which they increasingly adjust for co-
variates [9, 22, 24, 25, 29, 35]. While intermediate
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variables are hypothesized, none of the articles applied
methods such as structural equation modelling or medi-
ation modelling to inform theories on possible pathways.
In the fully adjusted models, all but one study adjusted
for age. Eight studies adjusted for one or more other
demographic covariates besides age. Eleven studies ad-
justed for one or more socio-economic covariates. Eight
studies adjusted for one or more biomedical covariates.
Nine studies adjusted for one or more health behaviors.
Nine studies adjusted for one or more reproductive
health covariates. Two studies [26, 31] with limited stat-
istical adjustment mention that such adjustment for co-
variates did not alter their results, and thus presented
only the unadjusted models.

Twelve studies [9, 22, 23, 25, 27-31, 34, 35, 38] ob-
served an association between at least one of the expos-
ure groups and the reference group. Five studies did not
propose a pathway to explain the results, two studies
proposed a physiological pathway and five studies con-
sidered a combination of physiological and social
pathways.

Discussion

Summary of the literature examining associations
between AFB and CVD

Results from the articles reviewed suggest an inverse as-
sociation between AFB and CVD; women with early
childbirths appear at heightened risk for CVD events
and mortality. However, the results are not consistent
and many associations attenuated notably after covariate
adjustment. Ten studies observed a greater probability
of CVD for women with an early AFB, while two studies
observed a greater probability for women with later ages
at first birth.

Methodological limitations and their potential
implications

The heterogeneity in the study findings very likely has to
do with a number of methodological differences and
limitations as documented in the results’ section. Here,
we critically examine whether observed associations (or
lack thereof) could be related to these methodological
differences and limitations.

Operationalization of exposure categories

Almost none of the studies investigated the extreme
ends of the distributions for reproductive ages. Only two
studies [26, 34] examined adolescent childbirth (<19)
and none of the studies looked at very young childbirth
(<17). Yet, research on the association between AFB and
all-cause mortality suggests the greatest mortality occurs
among the youngest women [9]. Most studies used <20
as the youngest age category, while six used a higher
cut-off (<21, <23, <25, <26 or <27).
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Differences in the operationalization of the exposure
groups likely contributed to the heterogeneity of the
study results. Out of the six studies that used a higher
cut-off (<21, <23, <25, <26 or <27) for their youngest
age category, none reported an association of young
AFB and CVD after covariate adjustment. If indeed the
adolescent (<19) AFB-group is at highest risk for the
studied outcome, combining that group with an older
AFB-group, which is at lower risk, would lead to mis-
classification bias due to imperfect specificity and would
bias the results towards the null-hypothesis. It is import-
ant to recognize that a number of studies reported on
AFB as a secondary outcome and were not specifically
designed to investigate the association between AFB and
CVD. Furthermore, some studies indicate being unable
to analyze early AFB due to a low number of individuals
in that exposure category (college student cohort [27]
and Nurses’ Health Study [26]).

Choice of reference category

The choice of reference category in several studies influ-
ences the interpretation of the reported findings. For
some of the articles, it may have ‘masked’” an association
with AFB. For example, Gallagher et al. [28] would have
observed a lower HR for women with an AFB of 25-29
and possibly women with an AFB of 230, if they had de-
fined AFB <20 as their reference group, rather than AFB
20-24. Also, a number of studies used nulliparous
women as their reference group. For some studies, nul-
liparous women were combined with women who had
not yet given birth [10, 31] or with an older AFB group
[23]. For these, we cannot distinguish whether any ob-
served associations are due to AFB, parity, or both.
Thus, observed associations may be due entirely or par-
tially to another factor (e.g. parity, infertility) and not the
AFB category under examination. Moreover, when youn-
ger women who have not yet given birth are grouped to-
gether with nulliparous (older) women (who may have
an underlying health condition related to their fertility
status and CVD) [40], it may bias the findings.

Sample size, age of the cohort and follow-up time

Factors such as sample size, the age of the cohort, and
follow-up time contributed to a low number of cases
with disease in some studies, rendering it difficult to in-
terpret reported findings. One study [27], for example,
that observed a higher rate of CHD amongst women
with an AFB of 33-43, compared to women with an
AFB of 25-29, only recorded a total of 33 CHD cases in
all parous women in the study. Another study [9], which
followed women for 5 years, was conducted amongst
relatively young women (aged 30-45 during follow-up).
Despite the short follow-up and the young age of the
women, the total number of CVD events among parous
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women in this study was 151, which was sufficient to re-
veal higher mortality for CVD amongst women with an
AFB of <20 compared to an AFB of 20-29. However, the
same study also examined the association between AFB
and coronary heart disease and cerebrovascular events
separately. Likely, the number of cerebrovascular events
alone was too low to detect a difference between AFB
categories. The authors do not report the number of
cerebrovascular events.

The distribution of the populations studied in terms of
reproductive exposure (AFB) may be restrictive. For ex-
ample, the study by Colditz et al. [26] was conducted
amongst registered nurses and as the authors highlight
in the discussion, this sample may not be representative
of US women in general, as only 1 % had an AFB of <20.
This was likely the case for several other studies in-
cluded in the review, such as Beard et al. [23] who only
included married women.

Lastly, selective survival may have influenced findings
in the studies that began following women later in life.
Numerous studies have documented associations be-
tween early AFB and all-cause mortality [7-10]. Thus,
associations may converge as a larger proportion of the
highest risk women are selected out of the study sample.

Confounding variables and proposed pathways

A very wide range of covariates were included in many
of the statistical models. Some models adjusted only for
age, while others adjusted for several socioeconomic,
biomedical, health behaviors and reproductive covari-
ates. Few studies justified their choices for inclusion of
covariates and few of the studies that did observe an as-
sociation provided a thorough interpretation of their re-
sults. In the absence of more comprehensive conceptual
frameworks, it is difficult to ascertain whether the statis-
tical adjustment was sufficient, insufficient, or excessive.
As Barclay et al. [22], Henretta [30], and Grundy and
Kravdal [29] highlight in their studies, there might be
different pathways by which reproductive exposure re-
lates to (cardiovascular) disease. On the one hand, back-
ground variables such as childhood SES, as well as
personality traits, may contribute to early childbearing
(selection effect) [13]. At the same time, an early AFB
could have consequences for SES by reducing future
educational and occupational opportunities. It is difficult
to discern to what extent early parenthood circum-
stances influence the relation between background SES
and later life SES. As highlighted before, there is a simi-
lar uncertainty regarding physiological pathways. High
childhood BMI is related to an early menarche [41],
which in turn gives rise to more ‘opportunity’ for an
early AFB (a selection effect). On the other hand, an
early pregnancy may cause a higher BMI, since early
pregnancy is related to greater weight gain during
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pregnancy compared to pregnancy in adulthood [18, 19].
And again in this relationship, childhood BMI is related
to BMI in later life [41, 42]. It is therefore difficult to as-
certain whether there is a need to statistically adjust for
many of these covariates, as they may be intermediate
variables.

Extensive statistical adjustment may have masked
“real” associations between AFB and CVD. In a recent
well-conducted study of Swedish women at age 40,
younger age at first birth was associated with hyperten-
sion [43], which is one of the most important risk factors
for CVD. When studies adjust for biomedical indicators
such as BMI, hypertension, and cholesterol, which are
markers of CVD, they implicitly assume an alternative
pathway linking AFB to CVD that is not mediated by
the classic risk factors. None of the authors who ad-
justed for such biomedical indicators provided a justifi-
cation for an alternative pathway. They may have
therefore over-adjusted their statistical models. Under
adjustment may also be a concern. One study [38] that
observed a higher risk for subarachnoid hemorrhage
among women with an AFB of 26-30 and >31, com-
pared to women with an AFB of <25, did not report
adjusting for age. Since the women were tracked from
the time of their first birth (between ‘78 and ‘87) until
the end of follow-up in 2003, age at first birth was dir-
ectly linked to participant age during follow-up. Women
with a young age at first birth were younger compared
to women with an older age at first birth in this sample
and incidence rates of subarachnoid hemorrhage in-
crease with age [44].

Overall, and acknowledging the limitations above, if
we solely examine the results of the 14 studies that de-
fined their young age at first birth group as <20 or youn-
ger, we observe the youngest AFB group at highest risk
in 21 out of the 23 studied associations. In 13, the asso-
ciation was statically significant. As for the ten
remaining associations from ten different studies, in
three [24, 25, 37], the association was significant in the
analyses that were age-adjusted only. In one study [28],
an association would have likely been observed if the
young age at first birth group had been compared to the
age at first birth category with the lowest risk and, in five
studies a low number of events [9, 10, 25] or a low num-
ber of women in the young age at first birth category
[23, 26] likely limited study power.

Study strengths and limitations

This is the first study to systematically review the litera-
ture on AFB and CVD events and mortality. Although
we recognize the importance of aggregating results
through meta-analysis, the combination of substantial
caveats, such as the limited number of studies per CVD
endpoint, differences in the operationalization of
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exposure, covariate choices, follow-up times and age at
follow-up, rendered such an analysis inappropriate.
Additionally, only English language articles were
reviewed, potentially overlooking valuable publications
in other languages.

Recommendations to improve the state of the literature

- Investigate the distributional tails of AFB, especially very early and
very late age at first birth.

- Justify AFB exposure categorization. How were categories selected
(theory, biological evidence, statistical considerations, etc.)?

- Reference category selection should reflect underlying hypotheses
about exposed and unexposed groups.

- Assure sufficient sample size and follow up time, taking into account
cohort-age (fewer events should be expected for younger cohorts).
For smaller studies, a priori power calculations are advisable.

- Improved use of theory to direct covariate choice and modelling
approaches. Where appropriate, future research would benefit from
more sophisticated use of tools for investigating pathways (e.g.
directed acyclic graphics, mediation modelling, structural equation
modelling, etc)

- Ideally, prospective studies that start well before reproductive age
could help answer questions about selection effects (for example, are
observed associations between early AFB and CVD linked to some
common earlier life event such as obesity in childhood or a “risk-
taking” personality)

Conclusion

While not all findings are consistent, this review pro-
vides evidence supporting an association between AFB
and CVD, which warrants further investigation. The
study findings are relatively consistent when young AFB
is defined as <20. The findings in this systematic review
highlight the need for improvement in the methods
when researching this topic. A well thought-out concep-
tual framework geared towards researching AFB specif-
ically, is vitally important for future work. Large cohort
studies that use a long follow-up duration and start well
before reproductive age, as well as employ more ad-
vanced analysis techniques designed for investigating
causal pathways, may prove useful to better understand-
ing this important topic.

Additional file

[ Additional file 1: Search Strategy. (DOCX 11 kb) ]

Abbreviations
AFB: Age at first birth; AFP: Age at first pregnancy; CHD: Coronary heart
disease; CVD: Cardiovascular disease; HR: Hazard ratio; OR: Odds ratio

Acknowledgements

We thank Patricia Brandes for her librarian assistance. We thank Maria-Victoria
Zunzunegui and Jack Guralnik for providing valuable feedback on the
manuscript.

Page 14 of 15

Funding

This work was supported by the University of Hawaii. The funding source
had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data.

Availability of data and materials
The complete search strategy is made available in Additional file 1.

Authors’ contributions

NR contributed to study conception, study design, literature search, data
extraction and interpretation, and manuscript preparation. CP contributed to
study conception, study design, data extraction and interpretation, and
manuscript preparation. Both authors read and approved the final
manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 13 November 2016 Accepted: 20 June 2017
Published online: 05 July 2017

References

1. GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and
national age-sex specific all-cause and cause-specific mortality for 240
causes of death, 1990-2013: a systematic analysis for the Global Burden of
Disease Study 2013. Lancet. 2015;385:117-71.

2. de Kleijn MJJ, van der Schouw YT, van der Graaf Y. Reproductive history and
cardiovascular disease risk in postmenopausal women. A review of the
literature. Maturitas. 1999;33:7-36.

3. Kannel WB, Hjortland MC, McNamara PM, Gordon T. Menopause and risk of
cardiovascular disease: the Framingham study. Ann Intern Med. 1976,85:
447-52.

4. Wilhelmsen L, Bengtsson C, EImfeldt D, Vedin A, Wilhelmsson C, Tibblin G,
et al. Multiple risk prediction of myocardial infarction in women as
compared with men. Br Heart J. 1977;39:1179.

5. Charalampopoulos D, McLoughlin A, Elks CE, Ong KK. Age at Menarche and
Risks of All-Cause and Cardiovascular Death: A Systematic Review and Meta-
Analysis. Am J Epidemiol. 2014;180:29-40.

6. Ness R, Schotland H, Flegal K, Schofer F. Reproductive History and Coronary
Heart Disease Risk in Women. Epidemiol Rev. 1994;16:298-314.

7. Westendorp R, Kirkwood T. Human longevity at the cost of reproductive
success. Nature. 1998;396:743-6.

8. Doblhammer G. Reproductive History and Mortality Later in Life: A
Comparative Study of England and Wales and Austria. Popul Stud. 2000;54:
169-76.

9. Otterblad Olausson P, Haglund B, Ringbéck Weitoft G, Cnattingius S.
Premature death among teenage mothers. BJOG Int J Obstet Gynaecol.
2004;111:793-9.

10.  Webb RT, Marshall CE, Abel KM. Teenage motherhood and risk of
premature death: long-term follow-up in the ONS Longitudinal Study.
Psychol Med. 2011;41:1867-77.

11. Hoffman SD, Foster EM, Furstenberg FF Jr. Reevaluating the Costs of
Teenage Childbearing. Demography. 1993;30:1.

12. Ermisch J. Does a'teen-birth’have longer-term impacts on the mother?
suggestive evidence from the British Household Panel Study [Internet]. ISER
Working Paper Series; 2003. Available from: http://www.econstor.eu/handle/
10419/91969. Accessed 2 Sept 2016.

13. Steinberg L. Age of Opportunity. Eamon Dolan/Houghton Mifflin Harcourt;
2014.


dx.doi.org/10.1186/s12889-017-4519-x
http://www.econstor.eu/handle/10419/91969
http://www.econstor.eu/handle/10419/91969

Rosendaal and Pirkle BMC Public Health (2017) 17:627

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic Status and
Health: How Education, Income, and Occupation Contribute to Risk Factors
for Cardiovascular Disease. Am J Public Health. 1992,82:816-20.

Lynch JW, Kaplan GA, Cohen RD, Tuomilehto J, Salonen JT. Do
cardiovascular risk factors explain the relation between socioeconomic
status, risk of all-cause mortality, cardiovascular mortality, and acute
myocardial infarction? Am J Epidemiol. 1996;144:934-42.

Caspi A, Harrington H, Moffitt TE, Milne BJ, Poulton R. Socially isolated
children 20 years later: risk of cardiovascular disease. Arch Pediatr Adolesc Med.
2006;160:805-11.

Suglia SF, Sapra KJ, Koenen KC. Violence and Cardiovascular Health.

Am J Prev Med. 2015;48:205-12.

Groth SW. The long-term impact of adolescent gestational weight gain.

Res Nurs Health. 2008;31:108-18.

Gigante DP, Rasmussen KM, Victora CG. Pregnancy increases BMI in
adolescents of a population-based birth cohort. J Nutr. 2005;135:74-80.
Hardy R, Lawlor DA, Black S, Mishra GD, Kuh D. Age at birth of first child
and coronary heart disease risk factors at age 53 years in men and women:
British birth cohort study. J Epidemiol Community Health. 2008,63:99-105.
Thomas J, Brunton J, Graziosi S. EPPI-Reviewer 4.0: software for research
synthesis. EPPI-Centre Software. London: Social Science Research Unit,
Institute of Education, University of London; 2010.

Barclay K, Keenan K, Grundy E, Kolk M, Myrskylé M. Reproductive history and
post-reproductive mortality: A sibling comparison analysis using Swedish
register data. Soc Sci Med. 2016;155:82-92.

Beard CM, Fuster V, Annegers JF. Reproductive history in women with
coronary heart disease: a case-control study. Am J Epidemiol. 1984;120:108-14.
Bertuccio P, Tavani A, Gallus S, Negri E, La Vecchia C. Menstrual and

reproductive factors and risk of non-fatal acute myocardial infarction in Italy.

Eur J Obstet Gynecol Reprod Biol. 2007;134:67-72.

Chang HS, Odongua N, Ohrr H, Sull JW, Nam CM. Reproductive risk factors
for cardiovascular disease mortality among postmenopausal women in
Korea: the Kangwha Cohort Study, 1985-2005. Menopause. 2011;18:1205-12.
Colditz GA, Willett WC, Stampfer MJ, Rosner B, Speizer FE, Hennekens CH.
A prospective study of age at menarche, parity, age at first birth, and
coronary heart disease in women. Am J Epidemiol. 1987;126:861-70.
Cooper GS, Ephross SA, Weinberg CR, Baird DD, Whelan EA, Sandler DP.
Menstrual and reproductive risk factors for ischemic heart disease.
Epidemiology. 1999;10:255-9.

Gallagher LG, Davis LB, Ray RM, Psaty BM, Gao DL, Checkoway H, et al.
Reproductive history and mortality from cardiovascular disease among
women textile workers in Shanghai, China. Int J Epidemiol. 2011;40:1510-8.
Grundy E, Kravdal @. Fertility history and cause-specific mortality: A register-
based analysis of complete cohorts of Norwegian women and men. Soc Sci Med.
2010,70:1847-57.

Henretta JC. Early childbearing, marital status, and women's health and
mortality after age 50. J Health Soc Behav. 2007,48:254-66.

La Vecchia C, Decarli A, Franceschi S, Gentile A, Negri E, Parazzini F. Menstrual
and reproductive factors and the risk of myocardial infarction in women under
fifty-five years of age. Am J Obstet Gynecol. 1987,157:1108-12.

Merritt MA, Riboli E, Murphy N, Kadi M, Tjenneland A, Olsen A, et al.
Reproductive factors and risk of mortality in the European Prospective

Investigation into Cancer and Nutrition; a cohort study. BMC Med. [Internet].

2015 [cited 2015 Dec 19];13. Available from: http://www.biomedcentral.
com/1741-7015/13/252. Accessed 18 Dec 2015.

Okamoto K, Horisawa R, Kawamura T, Asai A, Ogino M, Takagi T, et al.
Menstrual and Reproductive Factors for Subarachnoid Hemorrhage Risk in
Women A Case-Control Study in Nagoya, Japan. Stroke. 2001,32:2841-4.
Palmer JR, Rosenberg L, Shapiro S. Reproductive factors and risk of
myocardial infarction. Am J Epidemiol. 1992;136:408-16.

Parikh NI. Jeppson, Rebecca P., Berger, Jeffrey S, Eaton, Charles B, Kroenke,
Candyce H, LeBlang, Erin S, et al. Reproductive Risk Factors and Coronary
Heart Disease in the Women's Health Initiative Observational Study.
Circulation. 2016;133:2149-58.

Sakauchi F. Reproductive history and health screening for women and
mortality in the Japan Collaborative Cohort Study for Evaluation of Cancer
(JACC). Asian Pac J Cancer Prev. 2007;8:129-34.

Talbott EO, Kuller LH, Detre K, Matthews K, Norman S, Kelsey SF, et al.
Reproductive history of women dying of sudden cardiac death:

a case-control study. Int J Epidemiol. 1989;18:589-94.

38.

39.

40.

41.

42.

43.

Page 15 of 15

Yang C-Y, Chang C-C, Kuo H-W, Chiu H-F. Parity and risk of death from
subarachnoid hemorrhage in women: evidence from a cohort in Taiwan.
Neurology. 2006,67:514-5.

Yang L, Kuper H, Sandin S, Margolis KL, Chen Z, Adami HO, et al.
Reproductive History, Oral Contraceptive Use, and the Risk of Ischemic and
Hemorrhagic Stoke in a Cohort Study of Middle-Aged Swedish Women.
Stroke. 2009;40:1050-8.

Wild S, Pierpoint T, McKeigue P, Jacobs H. Cardiovascular disease in women
with polycystic ovary syndrome at long-term follow-up: a retrospective
cohort study. Clin Endocrinol. 2000;52:595-600.

Ahmed ML, Ong KK, Dunger DB. Childhood obesity and the timing of
puberty. Trends Endocrinol Metab. 2009;20:237-42.

Laitinen J, Power C, Jarvelin M-R. Family social class, maternal body mass
index, childhood body mass index, and age at menarche as predictors of
adult obesity. Am J Clin Nutr. 2001,74:287-94.

Parikh NI, Norberg M, Ingelsson E, Cnattingius S, Vasan RS, Domellof M, et al.
Association of Pregnancy Complications and Characteristics With Future Risk
of Elevated Blood Pressure. Hypertension. 2017,69:475-83.

de Rooij NK, Linn FHH, van der Plas JA, Algra A, Rinkel GJE. Incidence of
subarachnoid haemorrhage: a systematic review with emphasis on region,
age, gender and time trends. J Neurol Neurosurg Psychiatry. 2007,78:1365-72.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://www.biomedcentral.com/1741-7015/13/252
http://www.biomedcentral.com/1741-7015/13/252

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy
	Study selection
	Data extraction

	Results
	Study selection
	Study characteristics
	Study findings
	Summarizing study results

	Mortality
	Cardiovascular disease (CVD)

	Coronary heart disease (CHD)
	CHD overall
	Sudden cardiac death

	Cerebrovascular
	Stroke overall
	Ischemic stroke, hemorrhagic stroke and subarchnoid haemorrhage seperately

	Events
	Incident diagnosis of acute non-fatal myocardial infarction
	Presence of heart disease
	Presence of stroke

	Mixed outcomes (mortality and events)
	Highlighting important methodological differences and limitations
	Operationalization of exposure categories
	Choice of reference category
	Sample size, age at follow-up and follow-up time
	Confounding variables and proposed pathways


	Discussion
	Summary of the literature examining associations between AFB and CVD
	Methodological limitations and their potential implications
	Operationalization of exposure categories
	Choice of reference category
	Sample size, age of the cohort and follow-up time
	Confounding variables and proposed pathways

	Study strengths and limitations

	Conclusion
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

