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Abstract

Background: Parity has been reported to play an important role in the development of cardiovascular disease; however,

the results are still controversial. We aimed to conduct a meta-analysis of cohort studies to assess quantitatively the

association between parity and cardiovascular disease risk.

Methods: PubMed and Web of Science databases were searched to 1 June 2018, supplemented by manual searches of

the bibliographies of retrieved articles. And multivariate-adjusted relative risks were pooled by using random-effects

models. Restricted cubic spline analysis with four knots was used to explore the relationship of parity and the risk of

cardiovascular disease.

Results: Ten cohort studies involving 150,512 incident cases of cardiovascular disease among 3,089,929 participants were

included in the meta-analysis. A significant association between parity and cardiovascular disease risk was observed while

comparing parity with nulliparity, with a summarised relative risk of 1.14 (95% confidence interval (CI) 1.09–1.18;

I2¼ 62.0%, P¼ 0.002). In the dose–response analysis, we observed a potential non-linear J-shaped dose–response rela-

tionship between the number of parity and cardiovascular disease risk, the summary risk estimates for an increase of one

live birth was 1.04 (95% CI 1.02–1.05), with significant heterogeneity (I2¼ 89.6%). In addition, the similar J-shaped asso-

ciations between parturition number and cardiovascular disease, ischaemic heart disease or stroke risk were also observed.

Conclusions: Our findings suggest that ever parity is related to cardiovascular disease risk and there is an association

between the number of pregnancies and the risk of cardiovascular disease. Since the number of included studies was

limited, further studies are warranted to confirm our findings.
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Introduction

Many studies have shown that reproductive factors
may affect women’s health in later life.1–4 A recent
meta-analysis5 revealed that an increasing number of
parity was associated with a linearly reduced hip frac-
ture risk, while another meta-analysis6 indicated that
higher parity was significantly associated with an
increased risk of type 2 diabetes. Cardiovascular disease
(CVD) is the leading cause of death in American
women7 and in Chinese middle-aged and older
women.8 In recent years, different reproductive factors,
such as pregnancy, parturition, age at the first birth and
preterm birth have been shown to play an important
role in the progression of diseases that occur predom-
inantly or exclusively in women.9,10 Previous studies

have indicated that fluctuations of serum sex hormone
levels may play a role in the aetiology of CVD.11–13

During the process of pregnancy and delivery, the
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change in functional vascular properties, blood volume,
heart rate, oxidative stress and other gestational factors
may exert short and potentially long-term impacts on the
cardiovascular system.14–16 In addition, changes in life-
style, for example, increased energy intake and reduced
physical activity duration and intensity, may also impact
maternal health in future life.

Parity (the number of live births during a woman’s
lifetime), as an important reproductive factor, has also
been reported to play an important role in the develop-
ment of CVD.17 The earliest study18 showed no associ-
ation between reproductive experiences and the risk of
coronary heart disease (CHD), while some subsequent
studies indicated significant evidence for the associ-
ation. In the study conducted by Lawlor et al.,16 each
additional parturition could increase the risk of CHD
in women, and other studies found that women with six
or more pregnancies have an additional CVD risk,19

and that the CHD incidence rate was higher among
working women with three or more children.20 Until
now, many studies have focused on the role of parity
in the development of CVD; however, it remains con-
troversial given the inconsistency of previous findings.
Therefore, we conducted a systematic review and dose–
response meta-analysis of current available cohort
studies to quantify the association between parity and
the risk of CVD.

Methods

Literature search and selection

In accordance with the meta-analysis of observational
studies in epidemiology (MOOSE) guidelines,21 two
authors (WR and ZL) performed a systematic search
of PubMed and Web of Science to identify published
articles on parity and CVD risk from inception to
7 June 2018, with the following search terms without
restriction: ‘reproduction’ or ‘reproductive history’ or
‘live birth’ or ‘pregnancy’ or ‘parity’ or ‘gravidity’ and
‘cardiovascular disease’ or ‘coronary heart disease’ or
‘stroke’ or ‘ischaemic heart disease’. No language
restrictions were imposed. We also manually searched
the references of all identified relevant original publi-
cations and relevant reviews. Studies were identified
on the basis of predefined inclusion criteria: the
study design was cohort, the exposure of interest
was parity number, the outcome was CVD risk, not
CVD mortality, and the studies reported relative risks
(RRs) with 95% confidence intervals (CIs) for at least
three quantitative categories of parity numbers or pro-
vide risk estimates per live birth in original. If mul-
tiple publications were available for a study, data
from the most recent and complete publication were
included.

Data extraction and quality assessment

We extracted details on the first author, publication
year, country, age, number of cases and participants,
parity number categories, exposure and outcome
assessment, confounding factors adjusted in the ana-
lysis and RRs and corresponding 95% CIs for all cate-
gories of parity number. Two reviewers (WL and WR)
independently extracted all information and assessed
the methodological quality of eligible studies using
the Newcastle–Ottawa quality assessment scale, which
is a validated scale for non-randomised studies in three
areas: the selection of exposed and unexposed partici-
pants; the comparability of the groups; and the assess-
ment of the outcome. This scale awards a maximum of
9 points to each study: 4 for the selection of participants
and measurement of exposure, 2 for the comparability
of cohorts on the basis of the design or analysis, and
3 for the assessment of outcomes and adequacy of
follow-up. We assigned scores of 0–3, 4–6 and 7–9 for
low, moderate and high quality of studies, respectively.
When studies had several adjustment models, we
extracted those that reflected the maximum extent of
adjustment for potentially confounding variables. Any
disagreements were solved by discussion with the senior
reviewer (DW).

To perform a dose–response meta-analysis, we
assigned the median or mean parity number in each
category to the corresponding RR for each study. If
the mean or median parity per category was not
reported, the midpoint of the upper and lower bound-
aries in each category was assigned. When the most
usual category was open-ended, we assumed that the
parity number according to the open-ended cat-
egory� 1.2 times.

Statistical analysis

In this meta-analysis, the RR and 95% CIs were con-
sidered as the effect size for all studies, and the hazard
ratios were deemed equivalent to RRs. Any results stra-
tified by different outcomes were treated as two separ-
ate reports. First, we evaluated the summary RR and
95% CIs for parous women compared to nulliparous
women. Furthermore, we used a fixed-effects dose–
response meta-analysis described by Greenland and
Longnecker22 to calculate the trend from the correlated
estimates for log RR across categories of parity
number. The distributions of cases and participants,
and RRs and 95% CIs, in each parity category were
extracted according to this method. We set the lower
bound to zero. We tested for potential non-linearity in
the association between parity and CVD risk using a
restricted cubic splines model with four knots at per-
centiles 5%, 35%, 65% and 95% of the distribution,
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and a P value for curve linearity or non-linearity was
calculated by testing the null hypothesis that the coef-
ficient of the second spline is equal to zero.23 The dose–
response curves were shown in figures using a linear
model and spline model. We used the Cochran Q test
and I2 statistic to measure heterogeneity: values of
0–25% represented minimal heterogeneity, 26–75%
moderate heterogeneity, and greater than 75% substan-
tial heterogeneity.24 The Mantel–Haenszel fixed-effect
model was used to pool results across studies when het-
erogeneity was negligible, and the Mantel–Haenszel
random-effect model was used when heterogeneity
was significant.25 When the reference category was
not 0 live births, we used the method proposed by
Hamling and colleagues to convert risk estimates.26

We also conducted subgroup analyses stratified by
the category of CVD, geographial location, controlling
for body mass index (BMI), diabetes mellitus, hyper-
tension, cigarette smoking, income, physical activity

and cholesterol for parous versus nulliparous and
dose–response analysis of the parity number.
Publication bias was evaluated by inspection of the
funnel plots for asymmetry with the Egger test and
Begg test. Additional sensitivity analyses were per-
formed by omitting one study at each time to test the
robustness of the results and the influence of an indi-
vidual study on heterogeneity. All statistical analyses
were performed with Stata version 11 (Stata Corp,
College Station, TX, USA), and all tests were two
sided with a significance level of 0.05.

Results

Study selection

Figure 1 shows the results of the literature research and
study selection, 2032 articles from PubMed and 2714
articles from Web of Science prior to 1 June 2018.

4746 citations identified from literature search: 

2032 from PubMed 

2714 from Web of Science 

1248 Repeated citations in the databases excluded

2984 Irrelevant articles excluded based on title or
abstract 

495 Reviews, news or conference papers 

6 Cross-sectional studies 

3 articles excluded:

1 Requested data were not reported or could not 

to be caculated 

2 The outcomes were cardiovascular disease risk
factors not the CVD risk 

3498 articles reserved for screening 

13 potentially relevant articles given detailed
assessment 

10 cohort studies were included in the meta-analysis: 

     9 studies (13 records) included in the analysis of parous versus
nulliparous women 

    8 studies (11 records) included in the dose-response analysis of
parity number 

Figure 1. Flow chart for the selection of eligible studies.
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After the exclusion of duplicates and studies that did
not fulfill the inclusion criteria, 13 remaining articles
seemed to be relevant for this meta-analysis. After eval-
uating the full texts of these 13 publications, we
excluded three articles as follows: one article was
excluded as a result of lack of sufficient data,16 and
another two articles were excluded because the out-
comes were CVD risk factors.1,27 Finally, 10 articles
were included in our meta-analysis.

Study characteristics and quality assessment

The main characteristics of the eligible articles
(10 cohort studies) are summarised in Table 1. All stu-
dies were published between 1987 and 2018 and one
study was conducted in Sweden,28 four in the United
States,18,29–31 two in China,32,33 two in the United
Kingdom34,35 and one in European countries (10 coun-
tries).36 The study samples ranged from 867 to
1,332,062 and the number of CVD cases varied from
45 to 65,204. The average follow-up duration ranged
from 6 to 52 years. The quality score ranged from 7 to 9
with a median score of 8 for all cohorts, which sug-
gested a high quality of the studies included in the
meta-analysis. One report33 considered one live birth
as the lowest category of parity number and others
included nulliparity in the category of parity.

The CVD risk among parous women compared to
nulliparous women

Thirteen reports from nine studies18,28–32,34–36 (invol-
ving 3,014,987 participants and 148,169 CVD cases)
were included to explore the CVD risk in parous
women compared to nulliparous women, and the sum-
mary RR of CVD for the ever parity compared with
nulliparity was 1.14 (95% CI 1.09–1.18), with moderate
heterogeneity (I2¼ 62.0%; P¼ 0.002; Figure 2). We
observed no publication bias through Egger’s test or
Begg’s test (P> 0.05 for both tests) (Supplementary
Figure 1(a)). In a sensitivity analysis, the exclusion of
one study at a time from the pooled estimate had lit-
tle impact on the overall effect size (Supplementary
Figure 2(a)).

Dose–response analysis between parity number and
the CVD risk

Eleven reports from eight studies18,28–30,32–35 (involving
3,051,107 participants and 144,163 CVD cases) were
included in the dose–response analysis, and the sum-
mary risk estimates for an increase of one live birth
was 1.04 (95% CI 1.02–1.05), with significant hetero-
geneity (I2¼ 89.6%). We observed a significant non-
linear relationship between parity number and CVDT
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risk using a restricted cubic splines model (P< 0.001;
Figure 3). There was evidence of a J-shaped association
in the non-linear dose–response meta-analysis of parity
number and CVD risk (Figure 4). Similar associations
between parity number and CHD or IHD or stroke
risk were also observed (Supplementary Figure 3).
The sensitivity analysis evaluated the effect of each
study on the overall estimate by sequentially excluding
one study in one turn showing that no study could
probably affect the summary of risk estimate in this
study (Supplementary Figure 4). Begg and Egger
regression tests for the studies per one live birth and
CVD risk provided no evidence of substantial publi-
cation bias (P> 0.05 for both tests, Supplementary
Figure 1(b)).

Subgroup analyses

To explore the potential source of statistical heterogen-
eity among the studies and assess the stability of the
results, we conducted subgroup analyses by category
of CVD, geographical location, whether there was

adjustment for BMI, diabetes mellitus, hypertension,
cigarette smoking, income, physical activity and chol-
esterol. The associations of parity number with risk of
CVD were similar in subgroup analyses, which are
shown in Tables 2 and 3.

Discussion

Our results identified a significant association between
parity number and the risk of CVD, and the risk of
CVD increased by 16% among parous women com-
pared with nulliparous women. In particular, a non-
linear J-shaped association between parity number
and CVD risk was also observed in the cubic spline
model, and a 4% increased risk of CVD was associated
with one live birth among women. In previous studies,
a meta-analysis conducted by Lv et al.4 studied associ-
ations between parity and CVD, but the authors mainly
focused on relationships with CVD mortality rather
than risk. Our meta-analysis was different from their
study because we studied the association with the risk
of cardiovascular events. We found that parity could be
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associated with the risk of CVD in a dose-dependent
manner.

A quantified I2 test and Q test were also applied to
assess the heterogeneity among the included studies.
Moderate heterogeneity was found among the included

studies (I2¼ 62.0%, P¼ 0.002). The differences in char-
acteristics of populations, and adjustment for con-
founding factors (see Tables 2 and 3) may contribute
to the source of heterogeneity. Therefore, we conducted
subgroup analysis by disease type and study location.
Considering the potential effect of BMI, physical activ-
ity, hypertension, diabetes, smoking, income and chol-
esterol, we performed subgroup analyses according to
whether these factors were controlled in the original
studies. We detected significant heterogeneity in the
subgroups when the outcome was CHD, and the
study location was Europe, indicating that different
study locations and more specific disease outcomes
were effective ways to avoid heterogeneity. In addition,
we further conducted sensitivity analysis to evaluate the
effect of each study on the overall estimation, and
the results showed that no study could probably
affect the summary of risk estimates in this study.

Our findings were consistent with previous studies
that have indicated that parity could be associated
with a higher risk of CVD. For instance, Shen et al.37

found a higher CHD risk in every category compared
with one live birth, and another study16 conducted in
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4286 women and 4252 men aged 60–79 years found a
J-shaped association between the number of children
and CHD, which was also found in the study by
Parikh et al.28 Conversely, no evidence supported the
direct association between parity and CVD risk in pre-
vious studies,18,30 which makes the present meta-analy-
sis study more meaningful. The biological mechanisms
that underlie these associations are complex. Pregnancy
could lead to the accumulation of abdominal fat, endo-
thelial dysfunction, atherosclerosis and increased
pro-atherogenic lipid levels and systemic inflamma-
tion;1,15,27,38,39 these cardiometabolic changes may

permanently impact the cardiovascular system, leading
to a higher risk of CVD in parous women later in
life.16,28,40

Several potential mechanisms might contribute to
the J-shaped association between parity and CVD
risk. Generally, women who did not have any children
may suffer from infertility,6 and polycystic ovary syn-
drome, ovulation disorders and tubal factor41,42 could
partly explain the platform stage of the J-shaped rela-
tionship between parity and CVD risk. Increasing
parity after two children could result in repeated expos-
ure to hormone alterations, which may lead to the

Table 3. Summary risk estimates of the association between

parity number and CVD risk (per live birth).

No. of

studies

Summary

RR (95% CI) I2 value Ph*

Overall 11 1.04 (1.02–1.05) 89.6% <0.001

Subgroup analyses

Category of CVD

CHD 5 1.06 (1.06–1.07) 88.7% <0.001

IHD 2 1.02 (0.97–1.08) 0.0% 0.497

Stroke 4 1.03 (1.02–1.03) 69.7% 0.020

Geographical location

North America 3 1.02 (0.99–1.05) 0.0% 0.554

Europe 5 1.05 (1.05–1.06) 93.4% <0.001

Asia 3 1.03 (1.02–1.03) 70.3% 0.034

Adjustment for potential confounders

BMI

Yes 7 1.03 (1.02–1.03) 94.2% 0.023

No 4 1.06 (1.05–1.06) 59.1% <0.001

DM

Yes 7 1.03 (1.02–1.03) 94.2% 0.023

No 4 1.06 (1.05–1.06) 59.1% <0.001

Hypertension

Yes 3 1.03 (1.02–1.03) 89.3% 0.034

No 8 1.06 (1.05–1.06) 70.3% <0.001

Smoking

Yes 7 1.03 (1.02–1.03) 59.1% 0.023

No 4 1.06 (1.05–1.06) 94.2% <0.001

Income

Yes 6 1.04 (1.04–1.05) 94.1% <0.001

No 5 1.03 (1.01–1.05) 55.9% 0.059

Physical activity

Yes 3 1.02 (1.02–1.03) 0.0% 0.538

No 8 1.05 (1.05–1.06) 89.3% <0.001

Cholesterol

Yes 1 1.03 (1.00–1.07) 0.0% NA

no 10 1.04 (1.04–1.05) 90.6% <0.001

*P value for heterogeneity within each subgroup.

CI: confidence interval; RR: relative risk; CVD: cardiovascular disease;

BMI: body mass index; CHD: coronary heart disease; IHD: ischaemic

heart disease; DM: diabetes mellitus.

Table 2. Summary risk estimates of the association between

parity number and CVD risk (parous women compared to nul-

liparous women).

No. of

studies

Summary RR

(95% CI) I2 value Ph*

Overall 13 1.14 (1.09–1.18) 62.0% 0.002

Subgroup analyses

Category of CVD

CHD 7 1.14 (1.12–1.16) 51.1% 0.056

IHD 2 1.23 (1.08–1.39) 0.0% 0.709

Stroke 4 1.08 (1.05–1.10) 0.0% 0.405

Geographical location

North America 5 1.27 (1.16–1.40) 30.5% 0.218

Europe 6 1.11 (1.09–1.12) 67.9% 0.008

Asia 2 1.08 (0.99–1.17) 22.5% 0.256

Adjustment for potential confounders

BMI

Yes 9 1.15 (1.10–1.21) 61.2% 0.008

No 4 1.11 (1.09–1.12) 64.1% 0.039

DM

Yes 9 1.15 (1.10–1.21) 61.2% 0.008

No 4 1.11 (1.09–1.12) 64.1% 0.039

Hypertension

Yes 3 1.28 (1.16–1.42) 64.3% 0.061

No 10 1.11 (1.09–1.12) 51.1% 0.031

Smoking

Yes 9 1.15 (1.10–1.21) 61.2% 0.008

No 4 1.11 (1.09–1.12) 64.1% 0.039

Income

Yes 7 1.11 (1.09–1.13) 75.1% <0.001

No 6 1.14 (1.06–1.22) 28.5% 0.221

Physical activity

Yes 5 1.17 (1.10–1.24) 70.8% 0.008

No 8 1.11 (1.09–1.12) 54.0% 0.033

Cholesterol

Yes 4 1.25 (1.15–1.36) 50.8% 0.107

No 9 1.11 (1.09–1.12) 53.5% 0.028

*P value for heterogeneity within each subgroup.

CI: confidence interval; RR: relative risk; CVD: cardiovascular disease;

BMI: body mass index; CHD: coronary heart disease; IHD: ischaemic

heart disease; DM: diabetes mellitus.
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accumulation of physiological changes, such as pancre-
atic b-cell proliferation and progressive insulin resist-
ance.43,44 In addition, repeated and continuous lifestyle
changes may induce excess gestational weight gain and
postpartum obesity, which could have an impact on a
woman’s health in the future.45 Furthermore, the recur-
rence of pregnancy complications in subsequent preg-
nancies may exert a cumulative burden on CVD. These
cumulative effects may contribute to the above-noted
J-shaped association between parity and CVD risk.
Even so, it is still unclear whether normal pregnancies
with increasing parity could exert a cumulative burden
on CVD proceeding, or whether other potential factors
of multiparous women exert more CVD risk.
Therefore, further studies with more potential confoun-
ders should be taken into consideration to understand
thoroughly the association between parity and the
maternal risk of CVD. Our study suggests that obtain-
ing a better understanding of the mechanisms that lead
to CVD among nulliparous women as well as multip-
arous women may lead to the uncovering of novel CVD
pathways.

This meta-analysis has several strengths. First, we
included only prospective cohort studies with a mean
quality score of 8, and most studies were conducted
with large sample sizes, which significantly minimised
selection bias and considerably increased statistical
power to detect potential association between parity
and CVD risk. Second, we conducted a dose–response
analysis to evaluate the association between parity and
the risk of CVD, allowing us to quantify the associ-
ations. Third, we also evaluated the association
between parity and the risk of different types of CVD
using the dose–response method. Finally, subgroup
analyses were also conducted to explore whether some
factors could explain the results.

Some limitations in the present meta-analysis should
also be acknowledged. First, significant heterogeneity
was present in the analyses, and sources of heterogen-
eity were not completely clear. Second, although the
included studies controlled for many confounders,
some of them still did not adjust for important con-
founding factors, such as lifestyle and age at the first
birth. Third, only two studies conducted by Durazo31

and Magnus34 adjusted for race; thus the results of our
study may not generalise to other populations with
diverse racial groups.

Conclusions

In summary, our meta-analysis of cohort studies
reveals that an association exists between ever parity
and CVD risk, and an increasing number of parity is
associated with a non-linearly increased CVD risk.
Further prospective large-scale studies are warranted

to confirm our findings, and to establish causality and
to elucidate the underlying mechanism.
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