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Abstract In a prospective study with information about

life style and reproductive factors, we assessed the rela-

tionship between parity and total, ischemic heart disease,

and stroke mortality. The large majority of the 19,688

California Seventh-day Adventist women included did not

smoke or drink alcohol, 31 percent never ate meat and

physical activity was relatively high. Cox proportional

hazard analysis was conducted with parity as the main

independent variable and with adjustment for a number of

other possible confounders. During follow-up from 1976

through 1988, there were 3,122 deaths; 782 deaths from

ischemic heart disease and 367 deaths due to stroke. There

were no relationships between parity and total mortality

(P-value for overall effect of parity = 0.32). Grand mul-

tiparous women ([4 children) had somewhat increased

ischemic heart disease mortality (MRR = 1.45, 95% CI:

1.15, 1.84) before adjustment for educational level. After

adjustment for educational level and marital status, there

were no relationship with mortality from ischemic heart

disease (P = 0.29) or stroke (P = 0.72). In parous women,

there were, after adjustment for age at first delivery, some

suggestions of an increased total mortality in women with

one child. For ischemic heart disease and stroke mortality,

no associations were found. Stratified and adjusted analy-

ses confirmed these results. Thus, we found no consistent

relationships between parity and total, ischemic heart dis-

ease or stroke mortality. However, a longer follow-up

would have been helpful and the conclusions may be

somewhat influenced by the lifestyle of the women

included.
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Introduction

Childbirth may influence the health of the mother both in

the short and long term. The ‘‘disposable soma’’ theory

proposes a trade off between fecundity and longevity, such

that women who have more children are likely to have

shorter lives [1]. The empirical evidence for this theory is

limited [2] although the analyses of some large historical

databases may suggest an effect of high parity [3].

The possible relationship between parity and mortality

has recently been reviewed [2, 4–7] and some of the most

relevant issues are summarized in the following. Healthy

women may have higher fertility, and an inverse relation-

ship between parity and mortality is thus expected. The

mortality may, however, increase with parity as the women

become depleted with multiple pregnancies, particularly if

the time between the pregnancies is short. A reflection of
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this is the saying that ‘‘A child costs the mother a tooth’’.

High parity confers substantially reduced risk of breast

cancer, but may increase the risk of cardiovascular dis-

eases. Age at first delivery is related to parity and an early

delivery (especially during the teens) has in most studies

been found to reduce breast cancer risk, but increase total

and cardiovascular mortality [8] although the reasons may

not be entirely biological [9]. Finally, health problems

which emerge during pregnancy (gestational diabetes,

proteinuria and hypertension) may also have long term

consequences [10].

There are several large studies of the relationship

between parity and total mortality in women in contem-

porary populations [4]. Recently, at least three relatively

large studies have been published [11–14]. However, only

one had information on smoking habits, body mass index

and age at menarche [12], and previous studies have lacked

comprehensive information about other aspects of life style

such as physical activity, alcohol and dietary habits, reli-

gious activity, as well as female specific factors (e.g., age at

menopause, use of oral contraceptives or hormone

replacement therapy).

Several studies have analysed the possible relationships

between parity and cardiovascular disease risk. Some of the

older studies [15, 16] and a large follow-up of more than

500,000 American women [17] reported relatively weak, if

any, relationships between parity and ischemic heart dis-

ease mortality. A recent case–case control study seems to

confirm these findings [18]. Results with regard to stroke

also differ between studies [12, 19–22].

Therefore, we present the results from 12-year mortality

follow-up of 12,688 Californian Seventh-day Adventist

post-menopausal women of which 3,122 died. The great

majority of women in this population were non smokers

and did not drink alcohol, 31 percent did not eat meat and

physical activity was relatively high. Furthermore, infor-

mation about a number of possible confounders was

available for each woman.

Materials and methods

In 1974, a census questionnaire was mailed to the head of

all identified Seventh-Day Adventist households in Cali-

fornia. Sixty percent of the households returned this

questionnaire. Two years later, 75 percent of the white,

non-Hispanic Seventh-Day Adventists aged 25 years and

older, who had previously been identified by the Census

Questionnaire returned a new postal questionnaire (the

Lifestyle Questionnaire) [23, 24].

This questionnaire included questions concerning preg-

nancies and births. Women who stated that they ever had

been pregnant were asked ‘‘How many pregnancies that

resulted in a child born alive at term’’ and ‘‘How many

pregnancies resulted in a child born alive but premature’’.

Parous women were also asked how old they were when

they delivered their first child. We identified 12,688

postmenopausal women who had given information about

how many live born children they had delivered, both

prematurely and at term, 12,478 women who indicated

that their menstrual periods had completely stopped and

210 women who did not answer this question, but were

more than 55 years of age at enrollment. Parity was cat-

egorized into 0, 1, 2 (the reference group), 3, 4 and 5 or

more children.

Information about possible confounders was obtained

from the questionnaires. Height and weight were self-

reported and body mass index was computed as weight in

kilograms divided by the square of height in meters (kg/

m2). Two different variables (frequency of church atten-

dance and religious activity in the Adventist church) were

used to measure religious activity.

The follow-up started when the Lifestyle Questionnaire

was returned and ended when the respondent died or on

December 31, 1988. Validity studies indicate that at most

three to four percent of deaths have been missed [23]. Any

of the ICD-9 codes for underlying cause of death 410–414

and 430–438 was used as the definition of ischemic heart

disease and stroke, respectively.

Possible confounders were categorized as shown in

Table 1. Associations between the proportion of women

who were nulliparous (i.e., not given birth to a live born

child) and possible confounders (shown in Table 1) were

adjusted for age. The age-adjusted values were computed

based on a logistic regression model. Relationships

between parity and these variables were adjusted for age by

analysis of variance including age group as a factor in the

model. Relationships between parity and mortality were

investigated in proportional hazard regression models using

attained age as the time variable. The proportional hazard

assumption was tested by checking the statistical signifi-

cance of the product term between parity and attained age.

In some analyses, we included a second order term in order

to test for non-linear associations between parity and

mortality.

A number of stratified analyses were conducted. In

particular, in many analyses we restricted the population

to parous women and adjusted for age at first delivery.

Due to missing values, the number of women included in

the analyses changes somewhat from one analysis to the

next.

The P values given in Table 1 are for the linear rela-

tionship between parity and the different independent

variables. The P values given in Tables 2, 3, 4, 5 are for the

overall effect of parity as a categorical variable. Analyses

were performed using SAS Software [25].
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Table 1 Relationships between different demographic and life style variables and parity

Number of women (%) Percent nulliparous P-valuea Mean parity P-valuea

Age at entry (years)

\50 1590 (12.5) 12.1 \0.0001 2.47 \0.0001

50–59 3,268 (25.8) 13.9 2.41

60–69 3,765 (29.7) 21.6 1.98

70–79 2,630 (20.7) 23.5 2.12

80? 1,435 (11.3) 21.3 2.43

Marital status

Never married 560 (4.4) 97.7 \0.0001 0.10 \0.0001

Married 8,110 (64.3) 15.0 2.33

Widowed 2,838 (22.5) 14.0 2.51

Divorced/separated 1,097 (8.7) 16.3 2.35

Level of education (years)

\9 1,600 (15.5) 11.9 \0.0001 2.84 \0.0001

9–11 1,943 (18.8) 13.9 2.56

12 3,173 (30.7) 17.2 2.19

13–15 2,100 (20.3) 17.6 2.13

16 1,086 (10.5) 28.7 1.77

[16 422 (4.1) 37.3 1.56

Smoking status

Current smoker 192 (1.5) 23.1 0.039 2.05 0.018

Past smoker 1,656 (13.3) 19.8 2.22

Never smoked 10,560 (85.1) 18.2 2.29

Level of exercise

No exercise 4,093 (33.0) 18.2 0.62 2.26 0.99

Some exercise 1,347 (10.9) 19.7 2.24

Low-level exercise 2,216 (17.9) 18.2 2.35

High-level exercise 4,735 (38.2) 18.8 2.25

Body mass index (kg/m2)

\20 1,294 (11.3) 25.6 \0.0001 1.89 \0.0001

20–24 5,601 (48.8) 18.9 2.21

25–29 3,220 (28.1) 16.3 2.43

30? 1,361 (11.9) 16.3 2.60

Meat consumption

Never 3,689 (31.4) 21.6 \0.0001 2.17 \0.0001

\1/week 2,769 (23.6) 18.8 2.30

1–4/week 2,511 (21.4) 16.9 2.33

[4/week 2,781 (23.7) 16.6 2.31

Childhood vegetarianism

Non-vegetarian 7,886 (87.6) 18.5 0.001 2.27 \0.0001

Vegetarian 1,117 (12.4) 22.8 2.06

Alcohol consumption

Never 10,705 (93.3) 18.8 0.22 2.27 0.30

Ever 765 (6.7) 16.9 2.20

Age at menarche (years)

\12 2,338 (18.4) 18.7 0.65 2.26 0.36

12–13 6,190 (48.8) 18.7 2.27

14–15 3,368 (26.5) 18.0 2.29

[15 792 (6.2) 18.9 2.32
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Results

The mean (standard deviation) and median parity of the

women included in our analysis were 2.2 (1.7) and 2,

respectively. A total of 19 percent of the women were

nulliparous, 10 percent had given birth to five or more

children; only 0.1 percent had 10 or more children. The

mean age at start of follow-up was 64 years (range

27–100). The mean follow-up period was 10.7 years (range

0–12 years).

Table 1 gives the age-adjusted relationships between

different possible confounders and parity as well as the

proportion of the women who were nulliparous. We found

relationships for marital status, educational level, smoking,

body mass index, meat consumption as well as some

reproductive variables (age at first birth delivery and

menopause, type of menopause and use of oral contra-

ceptives or hormone replacement therapy (HRT)).

Less than 2 percent of the women were current smokers,

and they were therefore merged with past smokers (13%)

in most of the later analyses. There was a strong inverse

relationship between age at first delivery and parity. The

relatively high proportion of women with an early meno-

pause (22 percent aged \40 years) was due to surgical

menopause; 45 percent of the women indicated that the

menstruation stopped because of a hysterectomy. We also

noted that both in women with a natural menopause

(‘‘Natural change of life’’) and women with a surgical

menopause, age at menopause was positively related to

parity (data not shown).

A total of 3,122 women died during follow-up. The

mean age at death was 81.8 years. Essentially no

Table 1 continued

Number of women (%) Percent nulliparous P-valuea Mean parity P-valuea

Age at first delivery (years)

\18 1,091 (10.7) – 3.50 \0.0001

19–20 1,864 (18.2) – 3.16

21–22 1,871 (18.3) – 3.01

23–24 1,682 (16.5) – 2.76

25–28 2,105 (20.6) – 2.49

[28 1,608 (15.7) – 1.98

Age at menopause (years)

\40 2,578 (21.6) 20.1 0.018 2.10 \0.0001

40–49 4,971 (41.7) 18.4 2.30

50? 4,376 (36.7) 17.6 2.40

Type of menopause

Hysterectomy 5,497 (45.4) 15.6 \0.0001 2.33 \0.0001

Natural 6,270 (51.8) 20.6 2.25

Other 343 (2.8) 27.5 1.94

Oral contraceptives

Never taken 10,405 (89.5) 19.2 \0.0001 2.27 0.005

Current/past user 1,221 (10.5) 11.4 2.43

Hormone replacement therapy (HRT)

Never taken 5,140 (42.7) 17.5 0.017 2.37 \0.0001

Current/past user 6,894 (57.3) 19.3 2.18

Church attendance

\3x/mo 1,998 (15.9) 18.7 0.77 2.29 0.77

3–4x/mo 10,558 (84.1) 18.5 2.28

Religious activity

Inactive 2,056 (18.8) 18.7 0.14 2.32 0.63

Not very active 3,378 (31.0) 19.2 2.25

Active 3,476 (31.9) 18.1 2.26

Most active 2,003 (18.4) 17.3 2.29

The Adventist Health Study, 1976–1988
a P values for the linear relationship (if more than two groups) between parity and the different independent variables
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relationship was found a between parity and total mortality

although indications for an increased mortality in women

with more than 4 children may be suggested (Table 2).

Including stillbirths in the number of births (16 women

reported only still births and no live births), gave very

similar results as those presented in Table 2. Additional

adjustment for birth cohort did not influence the

association.

We performed a number of stratified analyses and

analyses of the relationship between parity and total mor-

tality adjusted for possible confounders. Although the point

estimates did change to some extent, for example when

adjusting for level of education, these adjustments did not

indicate any relationship between parity and total mortal-

ity. This was also the case when the relationship was

adjusted for a number of possible confounders (marital

status, education, ever smoking, body mass index, meat

consumption, childhood vegetarianism, age at menopause

and type of menopause, and ever use of oral contraceptives

or hormone replacement therapy) in concert. In no stratum

of this population did we find any notable relationship

between parity and mortality (results not shown). The only

exception might be that a non-linear, U-formed, relation-

ship between parity and total mortality seems to be present

in women who eat meat at least weekly (P-value for second

order term for parity = 0.045). No association was found

between parity and mortality in women with low or high

education, in women with normal weight (body mass

index \ 25) or in overweight and obese women (body

mass index C 25). Adjustments for smoking (current,

previous or never smoker) did not influence our results and

no association was found when restricting the analyses to

women who never have smoked. Furthermore, age at

menarche or menopause, type of menopause, use of oral

contraceptives or hormone replacement therapy or reli-

gious activity had no impact on the relationship between

parity and total mortality.

Table 3 gives the results for the follow-up of 10,141

ever married parous women with known age at first

delivery. There were 2,392 deaths. We found no consistent

overall relationship between parity and total mortality, but

women with one child only may have slightly increased

mortality (the P-value for a second order term for parity

(categorized as in Table 3) was P = 0.05). We found no

difference in the effect of parity on mortality in women

with a relatively early first delivery (aged 22 or less) and

women who were older when they had their first child.

Similarly to the analyses that including all women, we also

performed a number of adjusted (including adjustment for

a number of possible confounders in concert as described

above) and stratified analyses in this group of parous

women. In all of these analyses, we adjusted for age at first

delivery. The results demonstrated no important con-

founding or effect modification by any of the considered

variables, including type of menopause.

In total, there were 782 and 367 deaths from ischemic

heart disease and stroke, respectively. Initially, we found a

relationship between parity and ischemic heart disease

mortality as women with high parity had an increased risk

in ([4 children) (MMR = 1.45, 95% CI: 1.15, 1.84).

However, adjustments for educational level did reduce the

relative mortality rate in women with high parity ([4

children) from 1.45 to 1.26 (95% CI: 0.96, 1.66).

Thus, after adjustments for educational level, no rela-

tionships were found between parity and ischemic heart

Table 2 Relationships between

parity and total mortality in all

women

The Adventist Health Study,

1976–1988
a In ever married women,

adjusted for marital status
b P values for the overall effect

of parity as a categorical

variable

Parity No. of All women Ever married Ever marrieda

Women Deaths MRR 95% CI MRR 95% CI MRR 95% CI

0 2,383 661 1.03 0.92, 1.15 1.05 0.94, 1.18 1.05 0.94, 1.18

1 1,985 548 1.10 0.99, 1.24 1.10 0.98, 1.23 1.10 0.98, 1.23

2 3,293 685 1.00 1.00 1.00

3 2,423 480 1.00 0.89, 1.13 1.00 0.89, 1.12 1.00 0.89, 1.12

4 1,386 336 1.07 0.94, 1.22 1.06 0.93, 1.21 1.05 0.92, 1.20

5? 1,218 412 1.11 0.98, 1.26 1.12 0.99, 1.26 1.11 0.98, 1.25

P-valueb 0.32 0.36 0.44

Table 3 Relationships between parity and total mortality in ever

married, parous women with known age at first delivery

Parity Number of Not adjusted for

age at 1st birth

Adjusted for age

at 1st birth

Women Deaths MRR 95% CI MRR 95% CI

1 1,939 530 1.09 0.97, 1.22 1.11 0.99, 1.25

2 3,246 667 1.00 1.00

3 2,393 465 1.00 0.89, 1.13 0.97 0.86, 1.10

4 1,365 328 1.06 0.93, 1.21 1.02 0.89, 1.16

5? 1,198 402 1.11 0.98, 1.26 1.03 0.91, 1.17

P-valuea 0.34 0.28

The Adventist Health Study, 1976–1988
a P values for the overall effect of parity as a categorical variable
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disease mortality (P-values for the overall effect of parity

as a categorical variable = 0.29) (Table 4). The numbers

of women included in Table 4 are lower than those pre-

sented in Table 2 because the analyses are restricted to ever

married women with information about educational level

(missing for 2,183 ever married women). No relationship

was found. A non-linear relationship may be suggested; the

P-value for second order term parity (categorized as in

Table 4) was 0.13. Also for the relationship between parity

and ischemic heart disease mortality, we performed a

number of adjusted and stratified analyses, also adjustment

for a number of possible confounders in concert. However,

we found no important confounding or effect modification

by any of the considered variables. The only exception was

a suggestion of a U-formed association between parity and

ischemic heart disease mortality when adjusted for age at

menopause, but this relationship was found only in women

who did not have a natural menopause (P-value for second

order term for parity = 0.015).

Similarly, no relationship whatsoever was found

between parity and stroke mortality with or without

adjustment for marital status or educational level. Table 4

displays the relationship between parity and stroke mor-

tality in ever married women and adjusted for marital status

and level of education. Further adjusted and stratified

analyses (as described above for total mortality) did not

indicate any important confounding or interactions except

for a possible interaction by educational level as stroke

mortality in women with [12 years of education was

highest in women with low parity (no or one child) and 5 or

more children.

Table 5 shows the results for the relationships between

parity and ischemic heart and stroke mortality in ever

married, parous women with adjustments for age at first

delivery, marital status and level of education. No signifi-

cant relationships were found for ischemic heart disease or

stroke mortality. Further adjusted and stratified analyses (as

described above for total mortality) did not indicate any

important confounding or interactions in the analyses of the

relationships between parity and ischemic heart disease or

stroke mortality in parous women except the relationships

described above.

Table 4 Relationships between parity and mortality from ischemic heart disease and stroke in ever married women

Parity No. of women Ischemic heart disease Stroke

No. of deaths MRR 95% CI No. of deaths MRR 95% CI

0 1,426 98 1.13 0.87, 1.48 37 0.84 0.55, 1.27

1 1,598 97 1.06 0.81, 1.38 45 1.02 0.69, 1.52

2 2,681 117 1.00 56 1.00

3 2,031 79 0.88 0.66, 1.18 46 1.15 0.78, 1.70

4 1,142 66 1.09 0.80, 1.48 29 1.04 0.66, 1.63

5? 985 99 1.26 0.96, 1.66 31 0.85 0.54, 1.34

P-valuea 0.29 0.72

Adjusted for marital status and level of education. The Adventist Health Study, 1976–1988
a P values for the overall effect of parity as a categorical variable

Table 5 Relationships between parity and mortality from ischemic heart disease and stroke in parous women with known age at first delivery

Parity No. of women Ischemic heart disease Stroke

No. of deaths MRR 95% CI No. of deaths MRR 95% CI

1 1,587 97 1.13 0.86, 1.48 45 1.05 0.71, 1.56

2 2,663 112 1.00 55 1.00

3 2,020 77 0.87 0.65, 1.17 46 1.16 0.78, 1.73

4 1,134 66 1.08 0.79, 1.47 27 0.97 0.60, 1.55

5? 980 98 1.21 0.91, 1.61 30 0.82 0.51, 1.31

P-valuea 0.26 0.70

Adjusted for level of education and age at first delivery in ever married women. The Adventist Health Study, 1976–1988
a P-values for the overall effect of parity as a categorical variable
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Discussion

We find little evidence for an important relationship

between parity and total as well as ischemic heart and

stroke mortality in this 12-year follow-up of 12,000 Cali-

fornian Seventh-day Adventists women. Childless women

or women with many children do not have mortality that

differs much from women with two children. In parous

women, however, and after adjustment for age at first

delivery, the results may suggest that a slightly (10%)

higher total mortality in women with one child compared to

women with two or more children.

In order to ensure that the women had ended their

childbearing period, only post-menopausal women were

included in the study. However, due to the high proportion

of women with a hysterectomy (45 percent), it is possible

that some of the younger women have functional ovaries.

We have, however, performed stratified analyses, and there

were no associations between parity and mortality in

women who reported a natural menopause. We included

only live births in our analyses. However, the results given

in Table 2 were only marginally changed if the number of

stillbirths were included in the number of births.

In their review of the literature concerning the rela-

tionships between parity and total mortality, Hurt and

coworkers [4] reported that the results varied to a great

degree across studies, but results from most contemporary

populations suggest that compared to women with two

children, nulliparous women have a somewhat (20 percent)

increased mortality and that also multiparous women have

a slightly increased mortality. The confidence intervals for

the point estimates presented in Table 2 seem compatible

with such weak relationships. A recent analysis of three

historical populations gives support to a weak positive

relationship between parity and mortality, but also gives

support to a possible interaction with age at last birth (a

high age at last birth reducing mortality) [3] .

It is possible that chronic diseases during the child-

bearing years may have reduced the parity, reflected in

increased mortality in women with few children. Although

the women gave information about a number of different

chronic diseases in the self-administered questionnaire, we

lack information about when these health problems first

were diagnosed. Therefore, we cannot further evaluate any

such confounding. Similarly, we are not able to study any

possible interaction with pregnancy complications (such as

preeclampsia, hypertension or gestational diabetes) [26].

Furthermore, height and weight of the women at start of

follow-up was self-reported. Thus, body mass index may

have been underestimated even though self-reported body

weight has been found to correlate strongly (0.95) with

measured weight in a validation study [27] in the same

Adventist population. We must also expect some non-

differential misclassification with regard to cause of death

in the analyses of relationships between parity and ische-

mic heart disease and stroke mortality.

The study has, however, some important strengths,

mainly related to the control for possible confounders.

Cigarette smoking must be expected to be a potential

important confounder. Current smoking, however, was

very uncommon in this Adventist population (2%), and

only 13% were past smokers. On average, women who had

smoked previously, had smoked 13 years before enrol-

ment. However, adjustments or stratification for past

smoking did not influence our results. A previous Finnish

study with 1,075 deaths in 12,002 parous women also

included adjustment for smoking [12]. It may be a weak-

ness of the present study that the dietary habits and

smoking history of a relatively large proportion of the

women included in the analyses differ from most American

women, although the study sample also includes women

who eat meat several times a week and even some previous

smokers. The external validity of the results can therefore

be discussed. It would also have been a strength if the

follow-up period had been longer, thus including a higher

number of deaths in the analyses.

There was a relatively strong positive relationship

between parity and overweight. The mechanism may be

that women tend to gain weight after pregnancy, although

this has recently been questioned [28]. As a high body mass

index increases mortality [29], body mass index may be a

relevant confounder, but adjustment for body mass index

when assessing the relationships between parity and mor-

tality did not influence the relationship.

Vegetarianism reduces mortality [30] and nearly one in

three of the included Seventh-day Adventist women

reported that they never ate meat. There were some rela-

tionships between meat eating and parity (Table 1), but

adjustments for meat eating did not influence our

conclusions.

There were some indications of a stronger, non-linear

relationship between parity and total mortality in women

who ate meat weekly. Similarly, we found a non-linear

relationship between parity and stroke mortality in parous

women with [12 years of education. However, due to the

many stratified analyses that have been undertaken; we do

not put too much emphasis on these findings.

None of the possible confounders adjusted for did

influence our findings of essentially no important rela-

tionship between parity and total mortality when including

also nulliparous women. In parous women, however, there

were indications of a non-linear relationship with an

increased mortality in women with only one child, but the

association is not strong and the P-value for the second-

order term was 0.05. Regarding ischemic heart disease

mortality, adjustments for educational level had an impact.
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However, the relationship was weak both before and after

such adjustments.

In summary, we find essentially no consistent associa-

tion between parity and total mortality as well as ischemic

heart and stroke mortality although the conclusions may be

somewhat influenced by the lifestyle of the women inclu-

ded. We cannot exclude relatively minor effects of parity

on total or ischemic heart disease mortality, but the size of

the study, including more than 3,000 deaths, seems to

exclude strong effects.
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