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Abstract

Background: While women'’s parity status and education level have independent associations with cardiovascular
and other diseases, no studies have evaluated the additive interaction of these two factors. Therefore, we examined
the additive interaction between parity and education level on mortality from stroke, coronary heart disease, total
cardiovascular disease, cancer, non-cardiovascular disease, and non-cancer causes, and all causes in Japanese women.

Methods: This study followed 41,242 women aged 40-79 years without a history of cardiovascular disease or cancer
from 1988 to 1990 until 2009. Baseline parity and education level were classified into four categories, with highly
educated parous women as the reference group. Cox proportional hazards regression analyses were performed to cal-
culate the risk of mortality. We also assessed the additive interactions between parity and education level on mortal-
ity from cardiovascular disease and other causes using the relative excess risk due to interaction obtained using Cox
models.

Results: During the median follow-up period of 19.1 years, we identified 6299 deaths. In a multivariable model
adjusted for cardiovascular disease and other disease risk factors, nulliparous women with low education levels had
increased multivariable-adjusted hazard ratios of 1.67 (95% confidence interval [Cl] 1.13, 2.47) for stroke, 1.98 (95% Cl
1.15,3.39) for coronary heart disease, 1.71 (95% Cl 1.34,2.18) for total cardiovascular disease, 1.69 (95% Cl 1.33, 2.14) for
non-cardiovascular and non-cancer, and 1.51 (95% Cl 1.30, 1.75) for all-cause mortality when compared with highly
educated parous women. Moreover, we observed significant additive interactions between parity and education level
on total cardiovascular disease mortality (P =0.04), non-cardiovascular disease and non-cancer mortality (P=0.01),
and all-cause mortality (P =0.005).

Conclusions: Nulliparity and low education levels are super-additively associated with total cardiovascular disease,
non-cardiovascular and non-cancer, and all-cause mortality risks, suggesting that nulliparous women with low educa-
tion levels need specific support for preventing mortality related to cardiovascular and other diseases.
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Background

Education level is a key indicator and the most used
measure of socioeconomic status (SES). Moreover, it is a
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Several studies have revealed worldwide associations
between low education levels and increased risk of CVD
mortality [6-12]. For example, longitudinal studies on
mortality conducted in eight European countries, which
included 51 million person-years, have revealed that
CVD deaths account for 60% of the difference in total
mortality between women with a low education level and
those with a high education level [10]. Previous studies
conducted in Japan have revealed that participants with
a low education level had a 1.2- to 2.0-fold higher risk of
CVD mortality than did participants with a high educa-
tion level [7-9].

Other reports have described the associations between
parity and CVD mortality [13-15]. The Israel Longi-
tudinal Mortality Study II of 62,822 participants aged
65—89 years, who were followed up for 9 years, found that
nulliparous women had a 2.4-fold higher risk of CVD
mortality [16]. The American Cancer Society Cancer
Prevention Survey II cohort study (585,445 participants)
revealed that nulliparous women had a 1.6 to 2.4-fold
higher risk of CVD mortality than parous women [15].
SES has been recognized as one of the determinants of
health [3, 5, 6]. As reported previously, there is an inverse
association between SES and all-cause, CVD, and cancer
mortality [5, 17]. On the other hand, several studies have
reported that parity is one of the risk factors for CVD and
other causes [13-16]. However, few studies have exam-
ined the additive effects of parity and SES on CVD mor-
tality and other causes.

It is important to utilize additive interaction for this
research question because derivations from additivity
are more important from a public health standpoint. In
this context, two risk factors are independent when the
number of events is also independent of whether they
act jointly or not [18]. In this study, we hypothesized
that both nulliparity and low education level might have
more than additive interactions, resulting in a higher
risk of mortality associated with CVD and other causes.
Thus, this large cohort study aimed to evaluate the addi-
tive interaction of parity and education level on mortal-
ity associated with stroke, coronary heart disease (CHD),
total CVD, cancer, non-CVD and non-cancer causes, and
all causes among Japanese women.

Methods

Study population

The Japan Collaborative Cohort (JACC) study, sponsored
by the Ministry of Education, Culture, Sports, Science,
and Technology of Japan, is a nationwide multicenter
collaborative study designed to prospectively evaluate
various risk factors and protective factors for cancer inci-
dence and mortality. The details of the methodology used
in this study have been described elsewhere [19]. Briefly,
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a baseline survey was conducted from 1988 to 1990.
In total, 110,585 participants (46,395 men and 64,190
women), aged 40-79 years, and residing in 45 areas in
seven of eight districts in Japan, completed self-adminis-
tered questionnaires. In our study, we enrolled residents
living in 22 target areas. In 20 areas, enrollees were those
who had undergone a basic health examination that was
conducted in accordance with the Health and Medical
Service Law for the Aged; in two areas, enrollees were
identified based on a health checkup for atomic bomb
survivors.

Among the 64,190 women who participated in the
study, 13,345 were excluded because they did not answer
questions regarding parity and/or education level on the
questionnaire. In addition, 7330 women were excluded
because they did not provide complete information
regarding parity and/or education level. Furthermore,
2273 women were excluded due to a history of stroke,
CHD, or cancer. Therefore, 41,242 women were included
in the analysis. There were no substantial differences in
risk factors for CVD and other diseases between indi-
viduals with and without complete information regarding
parity and/or education level.

Mortality surveillance

Follow-up surveys were conducted every 1-2 years to
determine participant survival. The causes and dates of
death were identified by reviewing all death certificates
from each area. According to the 10" revision of the
International Classification of Diseases (ICD), mortal-
ity was classified as being due to stroke (160-169), CHD
(120-125), total CVD (101-199), cancer (C00-C97), and
non-CVD and non-cancer causes (all other ICD-10
codes). These outcomes were monitored until Decem-
ber 31, 2009, except in several areas where follow-up was
terminated at the end of 1999 (6 areas), 2003 (5 areas),
or 2008 (2 areas). The median follow-up period was
19.1 years (interquartile range 11.2—20.6 years).

Data collection

Participants’ baseline characteristics were obtained using
self-administered questionnaires that evaluated medical
history and lifestyle-related items, such as diet, physi-
cal activity, drinking, smoking, and education level. For
women, the questionnaires also evaluated parity status,
age at menopause, and history of sex hormone use.

Categories of parity status

Reproductive history was assessed using the following
self-reported question: “How many times did you experi-
ence delivery?” We defined the number provided in the
answer as the parity number. We did not further check
with the women whether they understood the meaning
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of the question. The parity number given could then be
considered to include the number of stillbirths and/or
miscarriages. Based on the response to this question,
women with a parity number of 0 were classified as nul-
liparous women (nulliparity), and those with a parity
number of > 1 were classified as parous women (parity).

Categories of education level

Education level was assessed using a single question:
“How old were you when you last attended school?” For
the present study, the responses were classified as low
education level (<15 years old) and high education level
(>16 years old).

Statistical analyses

Parity and education level were categorized as nullipa-
rous women with a low education level, parous women
with a low education level, nulliparous women with a
high education level, and parous women with a high edu-
cation level (the reference group). Based on these catego-
ries, we calculated the mean age, age-adjusted mean, and
prevalence of CVD and other diseases of covariance for
the mean values and a logistic regression model for the
prevalence. Cox proportional hazards regression analy-
ses were then performed to calculate the age-adjusted
and multivariable-adjusted hazard ratios (HRs) and 95%
confidence intervals (95% Cls) to determine the associa-
tions between the four categories and mortality associ-
ated with stroke, CHD, total CVD, cancer, non-CVD and
non-cancer causes, and all-causes. All covariates were
chosen based on prior research [3-5, 11, 20, 21], and
were adjusted at the same time. We constructed multi-
variable hazard models adjusted for baseline age (years),
body mass index (BMI) (kg/m?), history of sex hormone
use (yes or no), weekly hours of habitual exercise and/
or walking (almost never, 1-2 h, 3—4 h, and >5 h), daily
hours of exercise and/or walking (almost never,<0.5 h,
0.6-0.9 h, and>1 h), smoking status (never, ex-smoker,
current smoker [1-19 cigarettes/day], and current
smoker [>20 cigarettes/day]), alcohol consumption
(non-drinker, ex-drinker, current drinker [0.1-22.9 g/
day, 23.0-45.9 g/day, 46.0-68.9 g/day, and > 69.0 g/day]),
daily duration of sleep (<4.5 h, 4.5-5.4 h, 5.5-6.4 h, 6.5
7.4 h,7.5-8.4 h, 8.5-9.4 h, and > 9.5 h), level of perceived
mental stress (high, medium, or low), baseline history of
hypertension (yes or no), baseline history of diabetes (yes
or no), and regular employment at baseline (yes or no).
Moreover, we performed sensitivity analysis to exam-
ine the effect of the difference in the parity number on
CVD and other causes. The parity status was catego-
rized into nulliparity, moderate parity (1, 2, and 3) and
high parity > 4. The three parity statuses and two educa-
tion levels (high and low) were further classified into six
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categories: (1) nulliparous women with a low education
level, (2) nulliparous women with a high education level,
(3) moderate parous women with a low education level,
(4) moderate parous women with a high education level
(the reference group), (5) high parous women with a low
education level, and (6) high parous women with a high
education level. The additive interactions between parity
and education level for CVD and other causes of mortal-
ity were estimated using the relative excess risk due to
interaction (RERI) obtained using Cox hazard models.
RERI>0 indicates the additive interaction of nulliparity
and low education. RERI reflects the excess risk due to
the interaction of nulliparity and low education relative
to the risk of parity combined with a high educational
level. We calculated RERI and that of the 95% confidence
interval and P value for CVD and other mortality using
the delta method (see Additional file 1) [22]. In addition,
we tested the age-adjusted rates for CVD mortality, non-
CVD and non-cancer mortality, and all-cause mortality
according to parity and education level using the direct
standardization method; this was based on deaths per
1000 individuals per year, and the age distribution from
the national model population in 1985. All analyses were
performed using SAS software (version 9.4; SAS Insti-
tute Inc., Cary, NC, USA), and the differences were con-
sidered statistically significant at a two-tailed P-value
of<0.05.

Results

During the follow-up period, we identified 903 deaths
from stroke, 386 from CHD, 2081 from total CVD,
2002 from cancer, 2216 from non-CVD and non-cancer
causes, and 6299 from all causes. A total of 2420 partici-
pants have been censored for loss to follow-up. The mean
parity number was 2.7, with a range of 0—13. Based on
the original parity classification, 3.8% of the women were
considered nulliparous. The mean age at the last school
attendance was 16.7 years (range 6—58 years), with 61.0%
of women having a high education level. The proportion
of education levels and parity were as follows: 58.5%,
parous women with high education levels; 2.4%, nullip-
arous women with high education levels; 37.7%, parous
women with low education levels; and 1.4%, nulliparous
women with low education levels.

Table 1 shows the mean ages, age-adjusted means, and
prevalence of CVD and other disease risk factors accord-
ing to parity and education level. Relative to parous
women with a high education level, nulliparous women
with a low education level were more likely to be older
and have a higher BMLI. In addition, nulliparous women
with a low education level were more likely to have a his-
tory of hypertension and less likely to be married.
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Table 1 Age-adjusted prevalence of CVD risk factors according to parity and education level

Low education

Low education High education High education

Nulliparous Parity > 1 Nulliparous Parity > 1
No. at risk (%) 565 (1.4) 15,528 (37.7) 994 (2.4) 24,155 (58.5)

Age, years 61.8 59.7 574 553
Body mass index, kg/m? 23.1 232 223 22.7
Married, % 694 85.1 68.6 86.7
Age at menopause, years 473 484 474 489
Current or previous hormonal drug use, % 8.2 37 12.1 5.1

Habitual exercise or walking, % 64.0 70.7 62.0 70.8
Current smoker, % 1.1 55 8.4 41

Current alcohol drinker, % 206 224 271 241
Sleep, h/day 73 7.1 7.1 7.0

History of hypertension, % 22.3 229 19.5 21.1
History of diabetes, % 43 38 4.1 37

High perceived mental stress, % 179 184 248 21.1
Regular employment, % 330 337 345 328

The HRs (95% CI) for mortality from CVD and other
causes and RERI (95% CI) and P-value according to the
four categories of parity and education level are shown
in Table 2. Relative to parous women with a high educa-
tion level, nulliparous women with a low education level
had the highest age-adjusted mortality risks for total
CVD, non-CVD and non-cancer causes, and all causes.
These associations remained statistically significant after
adjusting for the CVD and other disease risk factors.
Significant additive interactions were observed for total
CVD mortality , non-CVD and non-cancer mortality,
and all-cause mortality (Table 2).

There were no associations of parity and education
level with the risk of cancer mortality.

Table 3 shows the HRs (95% CI) for mortality from
stroke, CHD, and RERI (95% CI) and P-value accord-
ing to the four categories of parity and education level.
Relative to parous women with a high education level,
nulliparous women with a low education level had the
highest age-adjusted mortality risks for stroke and CHD.
These associations remained statistically significant after
adjusting for the CVD risk factors. Significant additive
interaction was not observed (Table 3).

The results of the sensitivity analysis were that rela-
tive to moderately parous women with a high educa-
tion level, nulliparous women with a low education level
had the highest age and multivariable-adjusted mor-
tality risks for total CVD, non-CVD and non-cancer
causes, all causes, stroke, and CHD. Relative to moder-
ately parous women with a high education level, mod-
erately parous women with a low education level, highly
parous women with a low education level, and highly
parous women with a high education level had increased

multivariable-adjusted hazard ratios of 1.25 (95% CI 1.11,
1.41), 1.28 (95% CI 1.12, 1.46), and 1.18 (95% CI 1.02,
1.37) for total CVD, 1.10 (95% CI 1.03, 1.17), 1.22 (95%
CI1.13,1.32), and 1.13 (95% CI 1.04, 1.323) for all causes,
and 1.45 (95% CI 1.21, 1.75), 1.59 (95% CI 1.30, 1.94), and
1.42 (95% CI 1.13, 1.77) for stroke mortality.

Discussion

To our knowledge, this large-scale study on 40-79-year-
old Japanese women is the first study to reveal that par-
ity and education level had super-additive associations
for mortality from CVD, non-CVD and non-cancer,
and all causes. From a public health perspective, devia-
tions from the additive interaction of two dichotomous
risk factors resulted in a multiplicative association which
means a super-additive association [23, 24]. Therefore, in
this study, the combination of nulliparity and low educa-
tion level had super-additive associations for CVD and
other causes of mortality. Previous studies have evalu-
ated the independent association between CVD mor-
tality and parity [13-16] or education level [6—12]. Our
findings regarding the association between low education
levels and a higher risk of CVD and other mortality are
consistent with those of previous studies. For instance,
Mackenbach et al. [11] conducted an international study
that included the United States and 11 Western Euro-
pean countries; a low education level was associated with
an elevated risk of CVD mortality in all 12 countries.
In addition, a large prospective cohort study of 303,036
Asians and Australians indicated that the risks of CVD
mortality were 2.5- and 1.2-fold higher among Asians
and Australians with low education levels, respectively
[25].
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Education level

RERI (95%Cl)

P value for RERI

Low Low High High
Parity
Nulliparous Parity > 1 Nulliparous Parity > 1
Person-years 8686 246,667 16,318 400,450
Total cardiovascular disease
No 72 1093 55 861
Age-adjusted HR (95%Cl) 1.92 (1.51-2.44) 1.23(1.12-1.35) 1.14 (0.87-1.50) 1.00 0.89 (0.16-1.61) 0.04
Multivariable HR (95%Cl) 1.71(1.34-2.18)  1.19(1.08-130)  1.15(0.87-1.52)  1.00
Age-adjusted mortality 7.76 545 5.21 4.21
rate
Cancer
No 35 873 56 1038
Age-adjusted HR (95%Cl) 1.05 (0.75-1.48) 1.03 (0.94-1.13) 1.12 (0.86-1.47) 1.00 —0.04 (—0.50t0041) NS
Multivariable HR (95%Cl) 1.02 (0.73-1.44) 1.01 (0.92-1.11) 1.11 (0.85-1.46) 1.00
Age-adjusted mortality 461 4.64 5.30 437
rate
Non-CVD and non-cancer
No 76 1116 78 946
Age-adjusted HR (95%Cl) 1.88 (1.49-2.38) 1.17 (1.07-1.27) 148 (1.17-1.86) 1.00 1.13(0.24-2.02) 0.01
Multivariable HR (95%Cl) 1.69 (1.33-2.14) 1.12(1.03-1.23) 147 (1.16-1.85) 1.00
Age-adjusted mortality rate  8.81 5.65 7.1 4.58
All-cause
No 183 3082 189 2845
Age-adjusted HR (95%Cl)  1.64 (1.41-191)  1.14(1.08-1.20)  1.25(1.08-145)  1.00 0.65 (0.26-1.04) 0.005
Multivariable HR (95%Cl) 1.51(1.30-1.75) 1.10 (1.05-1.16) 1.25(1.08-1.45) 1.00
Age-adjusted mortality 21.18 15.74 17.61 13.16

rate

Multivariable adjustment: age, body mass index, history of hormonal drug use, habitual exercise or walking, current smoking, current drinking, sleep hours, history of
hypertension, history of diabetes, perceived mental stress, and regular employment

RERI> 0 indicates additive interaction of nulliparity and low education

HR, hazard ratio; Cl, confidence interval; CVD, cardiovascular disease; RERI, the relative excess risk due to interaction; NS, not significant

We also observed an association between nulliparity
and a higher CVD mortality, which is also consistent with
previous findings from Western countries and Japan [14,
26-28]. For example, a meta-analysis of 10 cohort stud-
ies in Western and Asian countries found that parous
women had a 31% lower risk of CVD mortality than nul-
liparous women [14]. In addition, a prospective study
of 39,870 Japanese women indicated that nulliparous
women had a 1.6-fold higher risk of stroke mortality and
a 1.3-fold higher risk of total CVD mortality than women
with a single child [28]. While the biological mecha-
nism involved in the association between nulliparity and
higher CVD mortality remains unclear, nulliparity has
been associated with higher estradiol levels, which may
lead to elevated blood pressure [29] and increased blood
vessel stiffness [30]. Moreover, nulliparous women with
infertility issues often have polycystic ovary syndrome

[31] or experience miscarriage [32] and pregnancy loss
[33], which can also contribute to a higher CVD mortal-
ity risk.

Few studies have investigated the additive interaction
of parity and education level on CVD mortality. One
population-based cohort study of 527,964 Norwegians
aged 40-69 years found that women with a parity num-
ber of>3 and low education level had a 2.6-fold higher
risk of CVD mortality than women with a parity number
of 2 and high education level [34]. However, this study
did not examine the combined effects of nulliparity and
low education level on CVD mortality. The present study
revealed that the risks of stroke mortality, CHD mortal-
ity, and total CVD mortality were the highest among nul-
liparous women with a low education level, followed by
parous women with a low education level. Several studies
have suggested that good lifestyle behaviors (e.g., being
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Education level

RERI(95%(Cl)

P value for RERI

Low Low High High
Parity
Nulliparous Parity > 1 Nulliparous Parity > 1
Person-years 8686 246,667 16,318 400,450
Stroke 107 (—030to244)  0.08
No 28 492 24 359
Age-adjusted HR (95%Cl) 1.83 (1.25-2.70) 1.36 (1.19-1.56) 1.22 (0.80-1.84) 1.00
Multivariable HR (95%Cl) 1.67 (1.13-2.47) 1.33(1.15-1.53) 1.24 (0.82-1.88) 1.00
Age-adjusted mortality rate  2.94 247 241 1.72
Coronary heart disease 146 (=081t03.73) 020
No 15 204 10 157
Age-adjusted HR (95%Cl)  2.17 (1.28-3.69) 1.24(1.01-1.54) 1.14 (0.60-2.15) 1.00
Multivariable HR (95%Cl) 1.98(1.15-339)  1.20(0.97-149) 1.16 (0.61-2.21) 1.00
Age-adjusted mortality rate  1.64 1.19 0.83 0.76

Multivariable adjustment: age, body mass index, history of hormonal drug use, habitual exercise or walking, current smoking, current drinking, sleep hours, history of
hypertension, history of diabetes, perceived mental stress, and regular employment

RERI> 0 indicates additive interaction of nulliparity and low education

HR, hazard ratio; Cl, confidence interval; CHD, coronary heart disease; RERI, the relative excess risk due to interaction

physically active, having a moderate BMI, and not smok-
ing) are associated with a reduced risk of CVD mortality;
however, individuals with a low education level are more
likely to have poor lifestyle behaviors [20, 21, 35, 36]. Sim-
ilarly, the present study revealed that women with a low
education level were more likely to have a higher mean
BMI and a history of hypertension, both of which are risk
factors for CVD. The lack of association between cancer
mortality and both parity and education level is not com-
pletely clear. One possible explanation is that parity and
education level are related to lifestyle factors and psy-
chosocial factors and do not have much of an association
with cancer mortality compared with CVD mortality.
Meanwhile, the highest risk of non-CVD and non-cancer
mortality was observed among nulliparous women with a
low education level, followed by nulliparous women with
a high education level. We calculated the specific causes
of non-CVD and non-cancer mortality and found that the
most common causes were pneumonia (39.2%), injury or
suicide (26.3%), and natural death (11.1%). Moreover, rel-
ative to parous women, nulliparous women (regardless of
education status) had higher age-adjusted annual mortal-
ity rates for pneumonia (3.94 vs. 6.18) and injury or sui-
cide (2.77 vs. 3.42). One conceivable reason for this may
be that the age-adjusted mortality rate of injury/suicide
among nulliparous women was higher than that among
parous women; this is supported by prior studies [37, 38].
Moreover, the age-adjusted mortality rate of pneumo-
nia, one of the leading causes of all-cause mortality, was

higher among nulliparous women compared with parous
women in this study. These factors seemed to strongly
affect mortality due to non-CVD and non-cancer causes,
as well as all causes, among nulliparous women.
Psychosocial mechanisms for the super-additive associ-
ation of nulliparity and low education on CVD and other
disease mortality have not been clarified. According to
previous studies, one conceivable reason is that parous
women, regardless of their education status, might have
been reproductively healthy, had social networks or sup-
porters, and developed positive health-related behaviors
due to childrearing [39-41]. Furthermore, women with
a high education level, regardless of their parity status,
are more likely to have or be able to access health-related
information, better treatment, or greater health knowl-
edge, which may explain the association with a reduced
CVD risk and other mortality causes [42-45]. Thus,
women with a combination of nulliparity and low educa-
tion level might be vulnerable to losing the opportunity
or motivation to practice health-related behaviors and
acquire social support, which may help attenuate their
CVD risk and other mortality causes. As a result, the
combination of nulliparity and low education level has
super-additive interactions, rather than additive interac-
tions, on CVD and other disease mortality. These results
suggest that nulliparous women with a low education
level require extensive additional support to improve
their lifestyle habits and promote behaviors that can help
prevent CVD-related mortality and other diseases.
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This study has several strengths. First, the partici-
pants were selected from a large-scale prospective
cohort that included participants throughout Japan
and a total of 2081 CVD deaths. The prospective
design may have increased the robustness of our find-
ings by eliminating selection and recall bias. Second,
the original study collected baseline data for numer-
ous factors, which allowed us to adjust the analyses
for potentially confounding variables such as CVD risk
factors and psychological factors. Third, we used edu-
cation level as a measure of SES, which is one of the
most powerful factors affecting the health of individu-
als [46, 47].

Our study has several limitations. First, we did not
have access to data regarding clinical CVD risk factors,
such as elevated blood pressure, blood glucose, or lipid
values. Thus, we adjusted the analyses using histories of
hypertension and diabetes mellitus for accounting for
these factors. Second, selection bias was possible, as
we excluded 18.9% of participants for incomplete infor-
mation regarding parity, education levels, or medical
history. Compared to the participants enrolled in this
study, the excluded participants were older; more likely
to be current smokers and have a history of hyperten-
sion; and less likely to perform habitual exercises, such
as walking. However, the proportions of other base-
line characteristics were similar. Third, the nulliparous
women enrolled in the present study may not be rep-
resentative of nulliparous women in current settings,
as the Economic and Social Research Institute in Japan
has reported that the lifetime non-marriage rate has
increased from 4.5% in 1980 to 14.1% currently. Unmar-
ried and/or childless women in the 1980s might have
had a low SES or problems with physical or mental con-
ditions compared with Japanese women in the present,
who may voluntarily choose not to marry and/or have
children. Thus, the additive interaction of nulliparity
and low education level with CVD mortality might be
smaller in a more recent cohort. Fourth, we did not
obtain detailed information regarding parity status
(e.g., abortion, stillbirths), and did not ensure that the
women understood the question. This may have led to
an underestimation of nulliparity, thereby reducing the
real associations that might have been stronger. Finally,
highly parous (>4) women may have a higher risk of
CVD mortality than moderately parous (1-3) women
based on the results from this study and previous study
[4, 5, 14].However, the results of the sensitivity analy-
sis of the different parity classifications on the CVD
risk of parity and educational history was little differ-
ence compared to the original results. As for mortality
from total CVD, all causes, and stroke, highly parous
women, regardless of their education level, were higher
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hazard ratios compared to moderately parous women.
On the other hand, there was no difference in the effect
of moderate parity and high parity on non-CVD and
non-cancer and CHD risk of mortality. Therefore, we
adopted nulliparous or parous as additive dichotomized
variables generally easy to understand.

Conclusions

The present study revealed that nulliparous women
with a low education level had an increased risk of
mortality due to stroke, CHD, total CVD, non-CVD
and non-cancer causes, and all causes. Moreover, nul-
liparity and a low education level had super-additive
associations for the risk of total CVD, non-CVD and
non-cancer causes, and all-cause mortality. These
results suggest that nulliparous women with a low edu-
cation level require extensive additional support to pro-
mote behaviors that can help prevent mortality related
to CVD and other diseases.
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