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Abstract
Background—Pregnancy is associated with marked maternal cardiovascular/hemodynamic
changes. A greater number of pregnancies may be associated with long-term subclinical changes
in left ventricular (LV) remodeling.

Methods—Among 2,234 white, black, Hispanic, and Chinese women (mean age 62 years) in the
MESA, we used linear regression to relate live births and cardiac magnetic resonance imaging LV
measures. Covariates included age, ethnicity, height, income, education, birth country, smoking,
menopause, and oral contraceptive duration. Models were additionally adjusted for potential
mediators: systolic blood pressure, antihypertensive use, total/high-density lipoprotein cholesterol,
triglycerides, diabetes, and body mass index. We performed sensitivity analyses excluding 763
women in the lowest socioeconomic group: annual income <$25,000 and lower high school level
of education.

Results—With each live birth, LV mass increased 1.26 g; LV end-diastolic volume, 0.74 mL;
and LV end-systolic volume, 0.45 mL; LV ejection fraction decreased 0.18% (P trend <0.05).
Changes were most notable for the category of women with ≥5 pregnancies. Upon adjustment for
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potential biologic mediators, live births remained positively associated with LV mass and end-
systolic volume. Live births remained significantly associated with LV end-systolic, end-diastolic
volumes, and LV mass (P trend ≤0.02) after excluding women in the lowest socioeconomic group.

Conclusions—Number of live births is associated with key LV structural and functional
measures in middle to older ages, even after adjustment for sociodemographic factors and
cardiovascular disease risk factors. Hemodynamic changes during pregnancy may be associated
with cardiac structure/function beyond childbearing years.

Number of pregnancies is associated with later-life cardiovascular disease (CVD)1–3 events
and with incident congestive heart failure.2,4 The exact mechanisms of these associations
remain unclear. Pregnancy and the peripartum period are both associated with marked
maternal cardiovascular hemodynamic changes including alterations in heart rate, systolic
and diastolic blood pressure, stroke volume, cardiac output, systemic vascular resistance, left
ventricular (LV) ejection fraction (EF), and left LV mass.5 An evaluation of cardiovascular
physiology up to 1 year postpartum suggested that increases in LV volumes and cardiac
output may persist in the near-term postpartum period and are accentuated by having
subsequent pregnancies as compared with no prior pregnancies.6 Furthermore, in a
prospective cohort study of peripartum cardiomyopathy (for which having ≥4 pregnancies is
an independent risk factor),7 investigators demonstrated that a subclinical form of
peripartum cardiomyopathy exists that does not necessarily progress to overt heart failure.8

It is unclear whether pregnancy-related cardiovascular physiologic changes are cumulative
over successive pregnancies or are associated with differences in LV structure or function.

In the present study, we sought to determine whether the number of pregnancies was
associated with changes in key LV structural and functional measures in women free of
CVD. The availability of data on the number of pregnancies and cardiac magnetic resonance
imaging (MRI) in the MESA allowed us to study whether changes in LV function and
structure associated with increasing number of pregnancies resulting in live births.

Methods
Study population

The MESA, begun in July 2000, was designed to investigate the prevalence, correlates, and
progression of CVD in individuals without clinically manifest or symptomatic CVD.9 This
prospective cohort study enrolled 6,814 participants (including 3,601 women) aged 45 to 84
years from 6 US communities (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los
Angeles County, CA; Northern Manhattan, NY; and St Paul, MN). The recruitment of
participants has been previously described.9 Cohort participants were 38% white (n =
2,624), 28% black (n = 1,895), 22% Hispanic (n = 1,492), and 12% Chinese (n = 803).
Institutional review boards at all study centers approved the study protocol, and informed
consent was obtained from participants. Cardiac MRI was performed in 4,869 participants at
their baseline examination. Among 2,622 women in the MESA study with cardiac MRI
information seen at examination 1, we excluded women with missing (n = 344) or unusable
(n = 3) information regarding number of pregnancies and with a severely depressed EF of
15% (n = 1). We further excluded women with a number of live births that exceeded number
of pregnancies (for ease of interpretation, we wished to exclude women having multiple
pregnancies, and this approach was our best approximation of singleton live births) (n = 40).
We decided a priori to limit this investigation to “singleton” live births because we
hypothesized that having multiple births may disproportionately change maternal
cardiovascular hemodynamics and could have potentially affected our results in a spurious
fashion. However, because our estimate of singleton birth comes solely from 2 questions
regarding (1) number of pregnancies and (2) number of live births, we realize that a small
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amount of potential misclassification with regard to capturing true singleton births could
have occurred. Our final study sample upon exclusions consisted of 2,234 women.

Cardiac MRI
Magnetic resonance imaging examinations were performed using scanners with 1.5-T
magnets as previously described.10 Functional parameters and LV mass were determined by
volumetric imaging. Imaging data were read using MASS software (version 4.2; Medis,
Leiden, the Netherlands) at a single reading center by readers trained in the MESA protocol
and without knowledge of risk factor information. Papillary muscles were included in the
assessment of LV chamber volumes and excluded from LV mass estimates. Cardiac output
was calculated as stroke volume (end-diastolic volume minus end-systolic volume) × heart
rate. Ejection fraction was calculated as stroke volume divided by end-diastolic volume. An
intraclass reliability estimate of 0.95 means that 5% of the total variability is attributed to
reader measurement error. For LV mass, intraclass correlation for a set of 155 duplicate
readings was 0.97 (95% CI 0.96–0.98); for end-diastolic volume, 0.98 (CI 0.97–0.99); and
for end-systolic volume, 0.95 (CI 0.93–0.96).

Sociodemographic and CVD risk factor ascertainment
Sociodemographic information, medical history, anthropometric measurements, and
laboratory data were collected starting at the first participant examination of the MESA
cohort (July 2000 to August 2002). Information about age, gender, ethnicity, and medical
and pregnancy history were obtained by questionnaires. Current smoking was defined as
having smoked a cigarette in the last 30 days. Diabetes mellitus was defined as a fasting
glucose ≥126 mg/dL or use of hypoglycemic medications. Use of antihypertensive and other
medications was based on clinical staff entry of prescribed medications verified by the staff.
Annual household income was categorized as follows: (<$20,000, $20,000–49,999, or >
$50,000). Education was categorized by highest attained level (no high school diploma,
completed high school diploma, and completed college/graduate school). Place or birth was
considered as either United States or non–United States.

Statistical analysis
Descriptive analyses were performed to examine the associations between cardiovascular
factors and sociodemographic variables and number of pregnancies. The primary exposure
variable, number of live births, was considered as 0, 1, 2, 3, 4, or ≥5. For the purposes of
linear analyses, the highest live birth category was given the value of 6 because this was the
median number of births within that category. The 6 MRI variables of LV structure/function
were treated as continuous measures. Linear regression analysis was performed to relate
number of live births and dependent variables (LV end-systolic volume [LVESV], LV end-
diastolic volume [LVEDV], LV mass, LV stroke volume [LVSV], LVEF, and mass/volume
ratio). Models were adjusted for age and race (model 1): model 1 covariates plus height (to
account for possible confounding effects of body size) and potential sociodemographic
confounders including income, education, place of birth, cigarette use, and menopausal
status, past or present oral contraceptive use (model 2). Model 2 was considered our primary
model. Model 3 included model 2 covariates plus possible intermediate factors between
exposure and dependent variables. Thus, model 3 included model 2 covariates plus systolic
blood pressure, antihypertensive medication use, total/high-density lipoprotein (HDL)
cholesterol, tri-glycerides, diabetes, and body mass index. Least square means for the LV
measures are presented, adjusting for model 2 covariates.
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Secondary models
Effect modification by ethnicity was tested by placing an interaction term in model 2 (for
each dependent variable). We additionally studied which biologic mediators additionally
included in model 3 most changed parameter estimates and changed statistical significance
by running model 3 without each mediator (ie, model 3 minus diabetes, model 3 without
body mass index, etc) for all dependent variables. We considered a potential nonlinear
association between number of live births and LV remodeling by fitting a model with parity
as a quadratic term for each of the LV-dependent variables (adjusting for model 2
covariates). We created a dichotomous variable for having any singleton live births vs no
singleton live births and considered this in models 1 and 2. To better determine the potential
effects of extreme levels of socioeconomic status and the lower prevalence of live births ≥5
on our results, we performed a sensitivity analysis removing those women in the lowest
income and education categories (sensitivity analysis n = 1,471).

All analyses were performed using SAS version 9.2 (SAS, Cary, NC). Two-tailed 95% CIs
and P values are given, with 2-sided P values <.05 regarded as significant.

Dr Parikh and this work were supported through a grant from the National Heart, Lung, and
Blood Institute (F32 HL096390-01). This research was supported by contracts N01-
HC-95159 through N01-HC-95169 from the National Heart, Lung, and Blood Institute. The
sponsors had no role in the study design, analyses, writing, or decision to publish the
manuscript. The authors are solely responsible for the design and conduct of this study, all
study analyses, the drafting and editing of the paper, and its final contents.

Results
The characteristics of the 2,234 women (mean age 62 years) in our study sample are
displayed in Table I, stratified by number of live births. The number of live births ranged
from 0 to 18. The mean age was greater for women with increasing number of live births.
Hispanic and Chinese women had more live births, whereas black and white women had
fewer live births. Systolic and diastolic blood pressure and triglycerides were all higher with
increasing numbers of live births. Prevalence of current or former smoking and HDL
cholesterol was lower with increasing numbers of live births.

Primary analysis
Number of live births was positively associated with LV mass (1.26 g per live birth), end-
diastolic volume (0.74 mL per live birth), end-systolic volume (0.45 mL per live birth), and
inversely associated with LVEF (−0.18% per live birth) after adjustment for age, race, and
socio-demographic variables (models 1 and 2) (Table II). With additional adjustment for
potential biologic mediators (model 3), results were attenuated and number of live births
remained significantly associated with LV mass and LVESV. However, number of live
births was no longer significantly associated with LV end-diastolic volume, and live births
was borderline associated with LVEF (P = .05) (Table II). Number of live births was not
associated with LV mass-to-volume ratio or stroke volume (Table II). Figure 1 shows the
adjusted means for LV measures and the P values for trend across categories of live births.
Changes were most marked in the category of women with 5 or more live births.

Secondary analyses
There was no evidence of effect modification by ethnicity upon associations of single live
birth number with LV measures (all P values for interaction term >0.1).
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In additional analysis, we found that body mass index was the single covariate that most
materially changed the parameter estimates and P values between models 2 and 3 for all
dependent variables (data not shown).

Upon fitting a quadratic term, we found no evidence of nonlinear association between parity
and LV function measures (all P values >.05, data not shown). We found no significant
association between ≥1 vs 0 singleton live births and LV remodeling variables (all P values
for model 1s and 2 >0.15).

In sensitivity analysis removing approximately one third of women from our total sample
who were in the lowest sociodemographic strata, we found that in our primary model,
similar results between number of live births and LV remodeling were seen as compared
with the total sample (Table II; Figure 2). The association between number of live births and
EF was no longer statistically significant.

Discussion
Summary of findings

Among 2,234 women free of CVD (mean age 62 years), number of live births was positively
associated with subsequent LVEDV, LVESV, and LV mass and inversely associated with
LVEF. Changes were most notable for women with 5 or more live births. After adjustment
for potential biologic mediators, number of live births remained significantly associated with
LV mass and LVESV and inversely associated with LVEF at a borderline level of statistical
significance. The effects were similar across categories of ethnicity. Changes in LV
remodeling were most marked for the category of women with 5 or greater pregnancies. In
sensitivity analyses removing the lowest socioeconomic strata, results were largely similar
(although less statistically significant likely due to smaller sample size).

Underlying mechanisms
The cardiovascular structural and functional changes during normal pregnancy are due to a
combination of increased preload, reduced afterload,11 and shunting of blood to the
uteroplacental circulation and to hormonal changes during pregnancy.12 For instance, there
are estrogen-mediated changes in vascular tone and up-regulation of the renin-angiotensin-
aldosterone axis.12 In general, cardiac structural and functional changes of pregnancy are
considered “physiologic”13 rather than pathologic. Whereas some prior physiologic studies
in humans support the notion that hemodynamic changes in pregnancies may not entirely
revert back to normal,6,14 others suggest a complete postpartum reversion to cardiovascular
homeostasis.15,16 However, prior studies are limited by relatively small numbers and
relatively short follow-up.15,16 One prior evaluation of 15 nulliparous and 15 parous women
during the first year postpartum suggested that increases in LV volumes and cardiac output
may persist postpartum and are accentuated by having 1 prior pregnancy as compared with
no prior pregnancies.6 An echocardiographic evaluation of 36 women throughout pregnancy
and 8 weeks postpartum found normal LV systolic function parameters in all patients 1
week postpartum but persistence of LV hypertrophy and LV diastolic dysfunction for nearly
2 months postpartum.14

A recent observational cohort study in a health maintenance population identified 4 or more
pregnancies (as compared with 1 pregnancy) as a risk factor for peripartum
cardiomyopathy.7 This study did not find a trend in incidence of peripartum cardiomyopathy
across parity categories, suggesting a possible threshold at 4 or more pregnancies.7 This is
consistent with our findings that having 5 or more pregnancies had the most notable changes
in LV remodeling.
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The fact that associations were attenuated in models adjusting for possible pathophysiologic
intermediaries in the pathway between live births and LV changes suggests that factors
known to increase with increasing number of pregnancies, such as increased adiposity,17,18

low HDL cholesterol,19 and insulin resistance20—and which are related to LV
remodeling21–23—may partially underlie some of the associations that we observed. Indeed,
accounting for body mass index above and beyond sociodemographic factors most altered
the association between live births and LVEDV or LVEF. Perinatal weight gain has been
demonstrably related to incident heart disease.24 Given that we do not have measures of
adiposity around the time of pregnancy and in the interim before middle age, we could not
fully assess the role of adiposity in this study.

Strengths and limitations
Prior studies of pregnancy associated changes have used echocardiographic data, which less
accurately estimates LV mass as compared with the criterion standard, cardiac MRI.25,26

Thus, our study benefited from use of cardiac MRI measures of LV structure and function,
which likely decreased potential misclassification and represents a notable strength of our
study design. Likewise, our study benefited from the extensive phenotypic data available on
participants of the MESA cohort.

There are, however, several limitations that we should acknowledge. Our study has inherent
within it a survival bias, given that our participants survived into middle age. We did not
have reproductive history information aside from number of pregnancies and number of live
births. Thus, we could not confirm details such as multiple pregnancies and spontaneous
abortions, and misclassification with respect to births being truly singleton could have
occurred. However, the degree of misclassification would likely have been small. In
addition, adverse pregnancy outcomes such as intrauterine growth retardation, preeclampsia,
and gestational diabetes have been linked to both CVD risk factors and CVD events.27–29

History of preeclampsia during pregnancy may be associated with decreased parity,30

whereas intrauterine growth restriction31 and gestational diabetes32,33 are associated with
greater number of pregnancies. We were unable to account for these potential confounding
factors. We accounted for several socioeconomic confounders but may not have fully
accounted for potential confounding effects of socioeconomic factors with incident heart
failure.34 However, our sensitivity analysis removing the lowest socioeconomic strata did
not substantially change associations between number of live births and LV structural/
functional measures. Prior studies have assessed the association between number of
pregnancies and CVD outcomes in men to investigate possible unmeasured psychosocial
confounders.35 We did not have information on number of children among male participants
in MESA; however, prior studies in men have not shown a positive relationship between
number of children and coronary disease34 or carotid intima media thickness36 and have
even demonstrated an inverse association between number of children and CVD death in
men.37 Finally, we did not have interim measures of LV function proximate to the last
pregnancy and before the cardiac MRI measures at the first MESA examination cycle.

Implications
Ranges of LVEDV, LVESV, LV mass, and LVEF are well within the “normal” range.

However, even asymptomatic LV dysfunction is associated with heart failure and death,38

and increases in LV mass by as little as 1 g as measured by cardiac MRI in the multiethnic
study of atherosclerosis have been related to a 1.8-fold increase in hazard of incident
congestive heart failure.39 Thus, although seemingly small, when considered at the
population level, even modest changes in LV remodeling may have public health relevance.
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Conclusions
Number of live births is associated with modest changes in key LV structural and functional
measures in middle- to older-aged women, most notably among women reporting 5 or more
live births during their lifetime. It is uncertain whether these changes are fully mediated
through traditional CVD risk factors or reflect subclinical peripartum LV remodeling that
persists postpartum.
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Figure 1.
Number of live births and LV structure and functional measures by cardiac MRI among
2,234 women in the MESA. Least square mean and standard errors are adjusted for age,
race, height, income category, education, place of birth, cigarette use, menopausal status,
and oral contraceptive use.
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Figure 2.
Number of live births and LV structure and functional measures by cardiac MRI among a
subset of 1,471 women with annual household income >$25,000 and who have completed
high school level of education in the MESA. Least square mean and standard errors are
adjusted for age, race, height, income category, education, place of birth, cigarette use,
menopausal status, and oral contraceptive use.
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