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Abstract

Objective—To assess the effects of socioeconomic factors on the association between parity and
long-term maternal mortality.

Methods—This was a population-based cohort study of mothers with births registered in the
Medical Birth Registry of Norway (MBRN) during the period 1967 to 2009. We estimated age-
specific (40 to 69 years) cardiovascular and non-cardiovascular mortality ratios by number of
births using Cox proportional-hazard models. To assess effect modification by mothers’ attained
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education we stratified on low (<11 years) and high (=11 years) educational level. We further
evaluated fathers’ mortality by number of births using the same analytical approach.

Results—Mothers with low education had higher mortality (cardiovascular: hazard ratio (HR)
2.62, 95% confidence interval (Cl) 2.34-2.93, non-cardiovascular: HR 1.67, 95% CI 1.62-1.73).
Among mothers with low education, cardiovascular mortality increased linearly with each
additional birth above one, (p-trend=0.02). In contrast, among mothers with high education,
cardiovascular mortality declined with added births, (p-trend=0.045). For non-cardiovascular
mortality there was no association among mothers with low education, while mortality declined
with increasing number of births among mothers with high education, (p-trend<0.01). Father’s
mortality showed similar associations with number of births when stratified on maternal education.

Conclusions—Women’s long-term mortality rose with number of births only for cardiovascular
causes of death, and only among mothers with low education. Partners of women with low
education had similar increasing risk with increasing number of births. Maternal educational level
is a strong modifier of the association between parity and long-term mortality.

Introduction

Marriage and having children are associated with longevity.(1) A population-based study of
Norwegian women found that mortality for late middle-aged women was highest for the
childless and next highest for mothers with one child, compared with mothers having two
children. Higher party was found protective.(2) In contrast, a study of mothers from England
and Wales found significantly higher mortality among mothers with five or more children.(3)
Several studies have reported a J-shaped association between women’s number of children
and risk of cardiovascular disease.(4-8) Underlying mechanisms are not established, and
competing explanations for the association of cardiovascular mortality and parity, presented
in a recent review, range from biological to social.(9) Biological theory suggests that a
pregnancy offsets negative physiological changes in the mother that accumulate with
increasing parity. Selection bias and inadequate control for negative social factors are the
basis of the social explanatory model. Higher parity is associated with early motherhood,
low socioeconomic position and less support in later life.(10-12) Controlling for these
factors is challenging and makes interpretation of results difficult. These diverging
explanations suggest different implications for clinical screening and public health.

We used national registries in Norway to assess effect modification by attained education (as
a measure of socioeconomic differences) on the association between parity and long-term
cardiovascular and non-cardiovascular mortality. Maternal mortality was the main focus, but
we also assessed paternal mortality by number of births to further explore the effects of
social compared with biological factors underlying the association of maternal mortality by

parity.

Materials and Methods

We conducted a population-based cohort study of mothers with births registered in the
Medical Birth Registry of Norway. The Medical Birth Registry of Norway has recorded
delivery data since 1967, with registration legally mandated for all births starting at 16
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weeks of gestation. The registry includes data on demographics, maternal diseases,
pregnancy and delivery, as well as infant outcomes. Our study covered the period from 1967
to 2009, the most recent year for which mortality data were available. Causes of death came
from the Norwegian population-based cause-of-death-registry. Cardiovascular causes of
death were defined as ischemic heart diseases, 120-125 (ICD-10), 410-414 (ICD-8 and
ICD-9) and cerebrovascular diseases (stroke), 160-169 (ICD-10), 430-438 (ICD-8 and
ICD-9). Non-cardiovascular causes of death were defined as all other than cardiovascular.
The Medical Birth Registry of Norway is routinely matched with the Central Person
Register, which provides every live-born infant in Norway with a unique national
identification number. Mothers (and fathers) are also registered with their unique
identification numbers, which enables all births to a given mother to be linked in sibling files
with the mother as the observation unit. The data were also linked to the national education
database for information on maternal educational level. The data were almost complete, with
0.3 per cent missing information on education.

The main analyses included mothers with a complete birth record within the registry period.
In sub-analyses we excluded women with plural pregnancies, preeclampsia and pre-existing
chronic diseases (cardiac, renal, hypertensive and diabetic disorders). In further sensitivity
analyses, we expanded the sample to include mothers who delivered after 1967 but also had
at least one birth before 1967. This provided additional numbers for mortality analysis, at
the cost of slightly reduced quality of parity information (based in part on self-report).

All births registered in the Medical Birth Registry of Norway were included, of which 0.2%
were late miscarriages (less than 22 weeks). To make the cohort more homogeneous, we
excluded women born outside Norway. Further, in order to allow enough time for women to
complete their reproduction, we included only women who had their first birth before 1991
(providing 19 additional years of follow up). About 90% of mothers with five children
completed their reproduction within 19 years.

To assess the effects of socioeconomic factors, we evaluated the association between
mortality and parity in strata of maternal education: low education (<11 years) and high
education (=11 years). Education in Norway is divided in primary school (7 years), lower
secondary school (3 years), upper secondary school (3 years) and higher education. The first
10 years are mandatory. Analyses with three levels of education (<11, 11-14 and =15 years)
gave the same results for the two highest levels and justified the dichotomization. We did
analyses overall and in educational strata. The stratified analyses were done twice: First,
mothers with two births were the reference group within each education stratum, and then
mothers with two births and high education were used as the reference for both education
groups. Similarly, we studied fathers’ cardiovascular and non-cardiovascular mortality risk
in relation to number of births, stratified on the two levels of mothers’ education. We
included only mothers with the same father for all her children.

We used Cox proportional hazard regression models (SPSS for Windows, version 20-22,
www.spss.com) to estimate hazard ratios of age-specific (40-69 years) cardiovascular and
non-cardiovascular mortality by number of births. The underlying time variable in the Cox
model was the mothers’ (or fathers’) birth year. In order to handle effect differences by
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calendar time, we adjusted for birth year of the mother (or father) using a linear term. Due to
small numbers at the highest parities, we pooled women with five or more births. We further
used the regression models to evaluate linear trends in the association between number of
births above one and mortality. To determine whether maternal education modified the
associations between parity and long-term mortality, we carried out interaction analyses
using a multiplicative model.

The study was approved by the internal review board of the Medical Birth Registry of
Norway and by the regional ethics committee, REK Vest, Norway (2009/1868).

A total of 527,964 mothers with 1,258,075 births were eligible for analysis (Table 1). Fifteen
per cent of mothers had only one birth, 46% had two, 29% had three, 8% had four, and 3%
had five or more. The median year of birth for mothers was 1954 (range 1916 to 1976). In
total, 16,664 (3%) mothers died between the ages of 40 and 69 years during the follow-up
period, with 53 years as median age at death (Inter Quartile Range (IQR): 47-58 years). The
median follow-up time from birth of the mother to death (or censoring) was 54 years. The
distributions of deaths and parities in the two strata of education are listed in Table 1.

Overall, 54% of mothers had less than 11 years of education (low) and 46% had 11 or more
years (high). Mothers with low education had a substantially higher risk of mortality,
independent of their number of births. The hazard ratio for cardiovascular mortality risk
among low- compared with high-education mothers was 2.62 (95% confidence interval (CI)
2.34-2.93). This excess risk was lower for non-cardiovascular mortality, but still elevated,
HR 1.67 (1.62-1.73). The excess mortality with low education has increased over time. The
hazard ratio for cardiovascular mortality was 2.42 (2.10-2.78) for those born before 1950,
versus 3.02 (2.51-3.63) for those born in 1950 or later.

Consistent with the literature (2, 13, 14), we found a high mortality risk in women with only
one birth in their lifetimes, relative women with two births. This high risk was present for
cardiovascular and non-cardiovascular mortality, and was significantly higher among low-
education mothers (Figures 1 and 2).

Overall, the hazard ratios for cardiovascular mortality by number of births followed a
slightly J-shaped curve (Figure 1A). The trend with increasing parity was non-significant (p-
trend=0.16). Non-cardiovascular mortality declined with increasing number of births (p-
trend<0.01) (Figure 2A).

We found significant interactions between number of births and educational level for both
cardiovascular (p<0.01) and non-cardiovascular mortality (p=0.02) (multiplicative model,
mothers with one birth excluded). Because of these significant interactions, we explored the
pattern of parity and mortality in mothers with different levels of education. Using a single
reference group for both education strata (mothers with two births and eleven or more years
of education), the cardiovascular hazard ratio among low-education mothers increased
linearly with number of births from two to five or more, (hazard ratio 2.37 (2.01-2.80) to
3.14 (2.19-4.51), p-trend=0.02). In contrast, the cardiovascular mortality trend declined with
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number of births among high-education mothers (p-trend=0.045) (Table 2, Figure 1B). For
causes of death other than cardiovascular, there was no association of number of births
above one with mortality in low-educated mothers (p-trend=0.11), while among high-
educated mothers the risk declined with parity (p-trend<0.01) (Table 2, Figure 2B).

Sensitivity analyses in which we excluded plural pregnancies and pre-existing chronic
diseases (cardiac, renal, hypertensive and diabetic disorders) did not alter the results.
Excluding women with pre-eclampsia increased differences between the two education
strata and strengthened the associations. When we added 143,739 mothers (14,414 deaths)
with self-reported births before 1967, the trends were confirmed.

In order to explore the role of unmeasured social confounding, we assessed fathers’
cardiovascular and non-cardiovascular mortality rate by number of children (Table 3). As for
the mothers, there were strong interactions between number of children and mothers’
education on fathers’ cardiovascular and non-cardiovascular mortality (both interactions
p<0.01, multiplicative model, fathers with one child excluded). Fathers living with a mother
with low education had higher risk of cardiovascular mortality with higher number of births
(p-trend=0.03), while fathers with a mother with high education had decreasing risk (p-
trend<0.01) (Figure 3A). Mortality from all other causes decreased with parity in both
groups of fathers (p-trends<0.01) (Figure 3B).

Discussion

Using linked data from the Medical Birth Registry of Norway, the cause-of-death register,
and the national education database, we found that the association between number of births
and long-term mortality was significantly modified by the mothers’ level of education.
Mortality increased with higher parity only among low-educated mothers, and only for
cardiovascular causes of death.

Educational level and occupation are key indicators of socioeconomic status, and these
influence mortality risk in later life.(15) The Norwegian welfare state allows women to raise
a family without compromising their own education and career.(16) However, high-parity
mothers are more likely to have low education. Most previous studies on mortality by parity
tend to be biased by an even more skewed distribution of low socioeconomic status women
at higher parities, contributing to higher mortality at higher parity. In Norway, the overall
ratio for cardiovascular death was 3.9 between low- and high-educated mothers (Table 1).
Given the interaction between education and parity on cardiovascular mortality, adjusting for
education would not be warranted.

The sum of a woman’s physiological alterations in pregnancy and postpartum resolution
may depend on pre-existing health status, complications in pregnancy and lifestyle factors.
Cardiovascular changes in pregnancy resemble changes associated with physical training.
(17) Weight retention(18) and long-term declines in high-density lipoprotein (HDL) (19)
after pregnancy adversely affect long-term risk of cardiovascular disease. Pre-pregnant high
Body-Mass-Index (BMI) is associated with low education, and is inversely correlated to
physical activity.(20) Low-education mothers are more likely to experience a complicated
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pregnancy.(21, 22) Women with gestational diabetes have a 7-fold increased risk of later
type-2 diabetes.(23) Sattar and Greer suggest that pregnancy act as a stress test to reveal
subclinical vascular or metabolic disease.(24)

The so-called “weathering” hypothesis suggests that an exposure can have stronger effects
among socially vulnerable subgroups.(25) While we cannot rule out the possibility of a
biological interaction in this group of disadvantaged mothers, selection of higher-risk
women into higher parities seems the most likely explanation for the higher cardiovascular
mortality among women with many births. The fact that paternal cardiovascular mortality
followed the same pattern with parity supports the role of selection by social factors. Any
association of father’s cardiovascular mortality risk with number of births would be
unrelated to the physiologic events of pregnancy.

We found protective effects of multi-parity on mortality in high-education women. This
could be consistent with a beneficial physiologic effect of pregnancy that is outweighed in
low-education women by other factors. However, the similar findings among fathers (Figure
3) suggests once again that selection factors are at play. Women with higher education might
choose a family size depending on their own health and resources, and more children may
stimulate an even more beneficial lifestyle in advantaged mothers. In later life, children of
educated parents are more likely to provide support.(12)

Consistent with the literature (2, 26), we found that mothers with only one birth, compared
to mothers with two births, had higher mortality, especially from cardiovascular causes. The
explanation for this association is not fully established, but may reflect reduced fertility
underlying conditions predisposing to cardiovascular disease.(14, 27) However, the doubling
of this risk among mothers with low education again indicates effect modification by social
factors.

Post hoc evaluation of mothers with four or more births gave, among low relative high
education mothers, a 3.1 fold excess risk of cardiovascular death, HR 4.1 (2.6-6.5). This
result highlights the importance of effect modification by social factors on the association of
multi-parity and later life mortality.

The strengths of this study are the large population-based material and extended follow-up.
Registration of parity, education, and mortality was prospective and virtually complete, with
educational level missing for only 0.3% of mothers. The Norwegian setting allows women to
pursue education and career without sacrificing childbearing and rearing. Despite the
beneficial setting in Norway the results have external generalizability. Given the strength of
the associations with maternal education even in Norway, we expect that the patterns would
be even more extreme elsewhere. Weaknesses of the study are the lack of data on
cardiovascular risk factors such as smoking, alcohol intake, and BMI. There are also
relatively few deaths in the group of mothers with higher education, reflected in the wide
confidence intervals (especially for cardiovascular mortality).

Maternal educational level is a strong modifier of the association between parity and long-
term mortality. Our results suggest that the higher cardiovascular mortality associated with
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higher parity is caused by accumulation of negative lifestyle factors in mothers with low

SO

cioeconomic status.
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Figure 1.

Maternal cardiovascular mortality by number of births, overall (A) and stratified by the
mother’s education in years (B). Norwegian-born women, first birth after 1966 and before
1991. Adjusted for the mothers’ birth year. HR, hazard ratio; Cl, confidence interval; ref,
reference.

Norwegian born women. 1st birth >1966 and <1991. Adjusted mothers’ birth year.
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Figure 2.

Maternal noncardiovascular mortality by number of births, overall (A) and stratified by the
mother’s education in years (B). Norwegian-born women, first birth after 1966 and before
1991. Adjusted for the mothers’ birth year. HR, hazard ratio; Cl, confidence interval; ref,
reference.

Norwegian born women. 1st birth >1966 and <1991. Adjusted mothers’ birth year.
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Figure 3.

Paternal mortality by number of births stratified by the mother’s education in years.
Cardiovascular (A), noncardiovascular (B). Norwegian-born fathers and mothers, first birth
after 1966 and before 1991 with same paternity. Adjusted for fathers’ birth year. HR, hazard
ratio; Cl, confidence interval; ref, reference.

Norwegian born fathers and mothers. 1st birth >1966 and <1991. Same paternity. Adjusted
fathers’ birth year.
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Table 1

Baseline characteristics of the mothers by education in years.

EDUCATION
TOTAL (%)
<11 YEARS (%) =11 YEARS (%) <11/>11* RATIO
NUMBER OF MOTHERS 527964 (100) 283912 (53.9) 242402 (46.1) 12
TOTAL NUMBER OF DEATHS 7 16664 (100) 11887 (71.6) 4710 (28.4) 25
CARDIOVASCULAR DEATHS 7 # 1924 (100) 1523 (79.6) 391 (20.4) 3.9
NON-CARDIOVASCULAR DEATHS 78 14740 (100) 10364 (70.6) 4319 (29.4) 2.4
BIRTHS 1258075 (100) 669942 (53.3) 584653 (46.5) 11
MOTHERS BY NUMBER OF BIRTHS
1 77241 (14.6) 45190 (15.9) 31419 (13.0) 12
2 244323 (46.3) 132112 (46.5) 111698 (46.1) 1.0
3 151464 (28.7) 76766 (27.0) 74397 (30.7) 0.9
4 41994 (8.0) 22347 (7.9) 19513 (8.0) 1.0
>5 12942 (2.5) 7497 (2.6) 5375 (2.2) 12
Total 527964 (100) 283912 (100) 242402 (100) 1.0

MISSING INFORMATION ON EDUCATION: N=1 650 (0.3%)

Page 12

*
Data are defined; <11/=11 RATIO: The ratio between low and high education mothers, numbers used in calculations are percentages in each row.

fData are presented for age specific deaths, 40-69 years.

Data are defined; cardiovascular causes of death: Ischemic heart diseases and cerebrovascular diseases combined (see material and method).

$ ) . . .
Data are defined; non-cardiovascular causes of death: All other causes than cardiovascular causes (see material and method).
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