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STUDY QUESTION: Does age at natural menopause increase with increasing of number of childbirths?

SUMMARY ANSWER: Age at menopause increased with increasing number of childbirths up to three childbirths; however, we found
no further increase in age at menopause beyond three childbirths.

WHAT IS KNOWN ALREADY: Pregnancies interrupt ovulation, and a high number of pregnancies have therefore been assumed to de-
lay menopause. Previous studies have had insufficient statistical power to study women with a high number of childbirths. Thus, the shape
of the association of number of childbirths with age at menopause remains unknown.

STUDY DESIGN, SIZE, DURATION: A retrospective population study of 310 147 women in Norway who were 50—-69 years old at

data collection.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The data were obtained by two self-administered questionnaires completed
by women attending BreastScreen Norway, a population-based screening program for breast cancer. The associations of number of child-
births with age at menopause were estimated as hazard ratios by applying Cox proportional hazard models, adjusting for the woman’s
year of birth, cigarette smoking, educational level, country of birth, oral contraceptive use and body mass index.

MAIN RESULTS AND THE ROLE OF CHANCE: Women with three childbirths had the highest mean age at menopause (51.36 years;
95% Cl: 51.33-51.40years), and women with no childbirths had the lowest (50.55 years; 95% Cl: 50.48-50.62 years). Thus, women with
no childbirths had higher hazard ratio of reaching menopause compared to women with three childbirths (reference group) (adjusted haz-
ard ratio, 1.24; 95% Cl: 1.22—1.27). Beyond three childbirths, we estimated no further increase in age at menopause. These findings were
confirmed in sub-analyses among (i) women who had never used hormonal intrauterine device and/or systemic menopausal hormonal
therapy; (ii) women who were born before 1950 and (iii) women who were born in 1950 or after.

LIMITATIONS, REASONS FOR CAUTION: Information about age at menopause was based on self-reports.

WIDER IMPLICATIONS OF THE FINDINGS: If pregnancies truly delay menopause, one would expect that women with the highest
number of childbirths had the highest age at menopause. Our results question the assumption that interrupted ovulation during pregnancy
delays menopause.
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Introduction

Women reach menopause at very different ages (Schoenaker et dl.,
2014). Although genetic factors play a role (Voorhuis et al., 2010), the
underlying mechanisms for the large variation in age at natural meno-
pause are not well understood (Ginsberg, 1991). Identification of fac-
tors that are associated with the timing of menopause may improve
our understanding of the biological mechanisms that ultimately lead to
menopause. A woman’s age at menopause is associated with her sub-
sequent risk of disease. Late menopause increases the risk of breast
cancer and endometrial cancer (Xu et al., 2004; Collaborative Group
on Hormonal Factors in Breast Cancer, 2012) and reduces the risk of
cardiovascular disease, osteoporosis and early death (Gallagher, 2007,
Muka et al., 2016). Thus, knowledge about factors associated with age
at menopause may also increase our understanding of the causes of
common diseases in women.

Menopause occurs when the number of ovarian follicles reaches a
critically low level (Faddy et al., 1992). Factors that influence the rate
of follicle atresia may therefore influence the age at menopause. Since
pregnancy interrupts ovulation, ovarian follicles are assumed to be pre-
served during pregnancy. Thus, it has been proposed that menopause
is delayed by the number of pregnancies (Cramer et al., 1995; Cramer
and Xu, 1996).

Some studies support the hypothesis that age at natural menopause
increases by the number of childbirths (Stanford et al., 1987; Mishra
et al, 2007). In several studies, women with two childbirths reached
menopause later compared to women with no or one childbirth
(Harlow and Signorello, 2000; Gold et al., 2001; Kaczmarek, 2007;
Henderson et al., 2008; Gold, 201 |; Pelosi et al., 2015; Wang et dl.,
2018; Roman Lay et al., 2020). However, beyond two childbirths, the
association with age at menopause remains inconclusive (Gold et al.,
2013). The results of a Chinese study suggested earlier menopause in
women with three or more childbirths compared to women with two
childbirths (Dorjgochoo et al., 2008). In a recent study from the USA,
women with four or more childbirths had similar risk of early meno-
pause (<45years) as women with three childbirths (Langton et dl,
2020). However, all these previous studies lacked statistical power to
study women with a high number of childbirths.

We therefore included 310 [47 women in Norway to study the as-
sociation of number of childbirths with age at natural menopause. The
women were born during the years 1936—1966.

Materials and methods

Study design, recruitment, data collection
and study sample

We performed a retrospective population study, using information
from women who participated in the Norwegian breast cancer screen-
ing program, BreastScreen Norway (https://www.kreftregisteret.no/
en/screening/mammografiprogrammet/breastscreen-norway/).  This
program offers breast cancer screening every second year to all
women, aged 50—69 years, with residency in Norway. Of all women in
the target group, 84% participated on at least one occasion during our
recruitment period, 2006-2014 (Sebugdegard et al., 2016). The data
in our study were collected by two self-administered questionnaires

(Tsuruda et al., 2018). The first questionnaire included questions about
sociodemographic factors, reproductive history and health prior to the
age of 50years. The second questionnaire included questions about
current health, menstruation, and surgery on the ovaries or the uterus.
A total of 392238 women, who answered both questionnaires, were
eligible for this study.

Of the 392238 eligible women, we excluded women who reported
that menstruation had never occurred (n=157), or with missing or
outlying information on number of childbirths (>19 childbirths)
(n=>54615) (Fig. 1). Thereafter, we excluded women with missing or
outlying information on age at menopause (<I5 and >7| years)
(n=26 431). We also excluded women who reported to have under-
gone removal of the uterus and/or both ovaries, but not did not re-
port age at such surgery (n=888). Thus, 310147 women, aged
48-7 | years, were included in our data analyses. They were born dur-
ing the years 1936—1966.

Main study factors

Our outcome variable was age at natural menopause. Age at meno-
pause was based on the following two questions: ‘Are you still having
menstrual periods? (yes; yes, but unregularly; no), and ‘If you no lon-
ger have menstrual periods, how old were you at your last menstrual
period?” We defined age at menopause as the attained age (in years)
when the woman had had her last menstrual period.

Our main exposure variable was number of childbirths. The number
of childbirths was based on the following questions: ‘Have you ever
had a pregnancy that lasted longer than 6 months?” (yes/no) and ‘If
yes, how many? We categorized the number of childbirths as follows:
0, I, 2, 3 (reference), 4, 5, 6 and >7 childbirths. In additional analyses,
we used number of childbirths as a continuous variable (0-I9
childbirths).

Other study factors

Based on literature search and the assumption that number of child-
births truly affects age at menopause, we assessed possible confound-
ing factors by using directed acyclic graphs. We identified birth year,
cigarette smoking, educational level, country of birth, oral contracep-
tive use and body mass index, since these factors may be associated
with number of childbirths (Farrow et al., 2002; Jokela et al., 2007;
Rogers, 2008; ESHRE Capri Workshop Group, 2010; Huber et dl.,
2010) and also with age at menopause (Gold, 201 |; Schoenaker et al.,
2014; Whitcomb et al., 2018; Zhu et dl., 2018; Gottschalk et al., 2020;
Roman Lay et al., 2020). Cigarette smoking was based on the following
question: ‘Do you smoke cigarettes?” (Yes/| have stopped/| have
never smoked). We coded cigarette smoking as current smoker, for-
mer smoker, or never-smoker. Educational level was coded as <high
school, high school, <4years of college/university or >4 years of col-
lege/university. Country of birth was coded as Norway, other coun-
tries in Europe or countries outside Europe. The women’s year of
birth was included in the data analyses as a continuous variable. The
use of oral contraceptives was based on the question: ‘Have you ever
used oral contraceptives? (yes/no) and coded as ever or never. Body
mass index was based on self-reports of current weight and height and
calculated as weight (kg)/height squared (m?). Body mass index was
included in the data analyses as a continuous variable.
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157 participants who reported that
menstruation never occurred.

54 613 participants (13.9%) without
information about number of childbirths
(N=54 364) or with outlying values
{N=251).

26 431 participants (7.8%) who did not
answer the questions about last
menstroation (N=11 805), age at last
menstruation (N=13 634) or had outlying
values (N=992),

888 participants (0.3%) who did not report
age at hysterectomy (N=304) and/or
bilateral oophorectomy (N=415).

Figure I. Flow chart of the study sample; 310 147 women in BreastScreen Norway, 2006-2014.

Statistical methods

Since not all women had reached menopause at the time of data collec-
tion, we used survival analyses to estimate mean age at menopause with
95% Cl, and median age at menopause with interquartile ranges (IQRs)
according to number of childbirths. The follow-up time was from the
woman’s birth (age Oyears) until age at menopause or attained age at
data collection (censoring). Thus, the women who still had menstrual peri-
ods (17.7%) or had irregular menstrual periods (8.2%), contributed with
follow-up time until their attained age at data collection. Also, the women
who had undergone hysterectomy (6.3%), bilateral oophorectomy (0.6%)
or both surgeries (2.9%) prior to menopause were censored, and these
women contributed with follow-up time until their attained age at surgery.

The association of number of childbirths (as a categorical variable)
with age at menopause was estimated as hazard ratios (HR) by applying
Cox proportional hazard models. HR >1.00 indicates earlier meno-
pause compared to the reference group (women with three childbirths),

and HR <1.00 indicates later menopause compared to the reference
group. The Cox proportional hazard model assumes proportional haz-
ards, and the proportional hazards assumption was evaluated by
Schoenfeld residuals and by inspection of the log-log plots.

We estimated crude HRs (Model I). We also made adjustment for
the women'’s year of birth to account for any changes that may have
occurred across birth cohorts in mean number of childbirths and
mean age at menopause (Model Il). In the final model, we made addi-
tional adjustments for cigarette smoking, educational level, country of
birth, oral contraceptive use and body mass index (Model ll).

We performed additional analyses, using number of childbirths as a
continuous variable (0—19 childbirths), and in these analyses, we ap-
plied a Cox proportional hazard model with restricted cubic splines to
allow for a non-linear association. The knots were placed at the |0th,
the 50th and the 90th percentile of the childbirth distribution (I, 2 and
4 childbirths, respectively).
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The use of systemic menopausal hormone therapy or hormonal in-
trauterine device may cause irregularity or absence of menstrual bleed-
ings. Thus, women using such treatment in the years around
menopause may report their age at natural menopause inaccurately.
We therefore repeated the above analyses among women who had
never used hormonal intrauterine device and/or systemic menopausal
hormone therapy. To further check for consistency of our findings, we
performed separate analyses among women born before 1950, among
women born in 1950 or after, and also after exclusion of women who
reported their last menstrual period within | year prior to data collec-
tion. We used Stata/SE version 14.2 for our data analyses (StataCorp,
College Station, TX, USA).

Ethical considerations

This study was approved by the Regional Committee for Medical
and Health Research Ethics (reference no. 2014/1711, REK South-
East D). All women received written information about the study

along with the invitation to BreastScreen Norway. By returning the
questionnaires at the screening site, the woman agreed to partici-
pate in the study.

Results

At the time of data collection, the participants’ mean age was 56.4 years
(SD 5.7years, range 48—71 years), and 64.4% had undergone natural
menopause. The mean number of childbirths was 2.2 (SD 1.3 childbirths,
range 0—19 childbirths) (Table ). Further description of the study sample
is presented in Table | and Supplementary Table SI.

Mean age at natural menopause was 51.17years (95% CI: 51.15-
51.19 years). The HR estimates of reaching menopause are presented in
Table II. After adjustment for the women’s year of birth, the HR of
reaching menopause was 1.23 (95% ClI: 1.21—1.25) for women with no
childbirth and HR was 1.12 (95% CI: 1.11-1.14) for women with one
childbirth, using women with three childbirths as the reference (Model Il

Table I Characteristics of the study sample, 310 147 women in Norway, born during the years 1936—1966.

Proportion (%) Mean SD

Undergone natural menopause 199713
Surgery on uterus or ovaries prior to menopause
Hysterectomy 19562
Bilateral oophorectomy 1860
Hysterectomy and bilateral oophorectomy 9095
Age at data collection, years
Age at first childbirth 262507
Number of childbirths
Women born <1950 117285
Women born >1950 192862
Ever use of systemic menopausal hormone therapy 92822
Ever use of hormonal intrauterine device 64279
Ever use of oral contraceptives 168991
Current body mass index 285062
Missing information 25085
Cigarette smoking
Current 78791
Former 100078
Never 123210
Missing information 8068
Educational level
<High school 69683
High school 128136
<4 years of college/university 66672
>4 years of college/university 41544
Missing information 4112
Country of birth
Norway 290087
Other countries in Europe 11987
Countries outside Europe 6184
Missing information 1889

6.3
0.6
2.9
56.4 5.7
24.6 23.6 4.7
2.2 1.3
2.3 1.3
2.1 1.2
29.9
20.7
54.5
25.8 4.6

26.1
33.1
40.8

22.8
41.9
21.8
13.6

94.1
3.9
2.0
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Table Il The associations of number of childbirths with age at natural menopause among 310 147 women in Norway, born

during the years 1936-1966.

Model | Model Il Model 1l
No. women Mean 95% ClI Crude HR 95% ClI Adjusted HR® 95% CI Adjusted HR? 95% CI
Number of childbirths

0 30630 50.55 50.48-50.62 1.21 1.19-1.23 1.23 1.21-1.25 1.24 1.22-1.27
| 34825 50.94 50.88-51.00 I.10 1.09-1.12 I.12 1.H1=1.14 I.10 1.08-1.12
2 130340 51.25 51.22-51.28 1.02 1.01-1.04 1.03 1.02—-1.04 1.03 1.02-1.04
3 82287 51.36 51.33-51.40 Reference Reference Reference

4 23046 51.23 51.16-51.29 1.03 1.01-1.05 1.0l 0.99-1.03 1.00 0.99-1.02
5 5611 51.15 51.01-51.29 1.04 1.01-1.08 1.0l 0.98-1.04 1.00 0.96-1.04
6 1446 51.12 50.86-51.38 1.06 1.00-1.12 1.0l 0.95-1.07 0.99 0.92-1.06
>7 1962 50.99 50.75-51.23 1.07 1.02-1.13 1.06 1.00-1.12 1.03 0.96-1.09
Total 310 147 51.17 51.15-51.19

HR, hazard ratio; IQR, interquartile range.

The associations were estimated as HRs by applying a Cox proportional hazard model. HR >1.00 indicates earlier menopause compared to the reference group (3 childbirths).

?Adjustment was made for the women'’s year of birth.

PAdjustments were made for the women'’s year of birth, cigarette smoking, educational level, country of birth, oral contraceptive use and body mass index. The study sample was re-

stricted to women with information on all covariates, N =266 304.

Table ). For any number of childbirths beyond three, the adjusted HR
of reaching menopause were non-different from the reference group.
Further adjustments for cigarette smoking, educational level, country of
birth, oral contraceptive use and body mass index in the fully adjusted
model did not alter the HRs estimates notably (Model lll, Table 1I).

In additional analyses, using number of childbirths as a continuous vari-
able in a Cox proportional hazard model with restricted cubic splines, we
confirmed the non-linear association of number of childbirths with age at
menopause (P for non-linearity < 0.001) (Fig. 2; Supplementary Table
Sll). The HR estimates were similar to the estimates using number of
childbirths as a categorical variable. Adjustments were made for the
women'’s year of birth, cigarette smoking, educational level, country of
birth, oral contraceptive use and current body mass index.

We found similar results as in the sample as a whole among; (i)
women who had never used a hormonal intrauterine device and/or
systemic menopausal hormonal therapy; (i) women who were born
before 1950; (iii) women who were born in 1950 or after and (iv) after
exclusion of women who reported their last menstrual period within |
year prior to data collection (Supplementary Tables SllI, SIV and SV).

Discussion

Summary of findings

In this population study of 310 147 women in Norway, we found that
age at natural menopause increased with increasing number of child-
births up to three childbirths. Beyond three childbirths, there was no
further increase in age at menopause.

Strengths and limitations

To our knowledge, this study is the largest yet to assess the relation-
ship between number of childbirths and age at menopause. Since we

included a large number of women, we could estimate age at meno-
pause among women with several childbirths and also study subgroups
of women.

The age at menopause in our study was based on self-report. Age
at menopause is reported with certainty at least | year after the last
menstrual period (Soules et al., 2001). In our study, 2.7% reported
that their last menstrual period occurred within the year prior to data
collection, and menstrual periods could possibly reoccur in these
women. It is unlikely, however, that the possible misclassification of
age at menopause for 2.7% of the women is related to number of
childbirths and thereby has biased our estimated associations of num-
ber of childbirths with age at menopause. Some women may have for-
gotten their exact age at menopause, particularly the oldest women in
the study, since their menopause occurred a long time before data
collection. However, previous studies have found high agreement be-
tween self-reported and true age at menopause (Rodstrom et al.,
2005), and there is no reason to believe that any erroneous reporting
of age at menopause was related to number of childbirths. We also
performed separate analyses among women born before 1950 and
among women born in 1950 or after, and we found similar results in
both groups.

Use of oral contraceptives or systemic hormone therapy around
menopause may induce menstrual bleedings beyond natural meno-
pause. Thus, women in our study who used such treatment, may erro-
neously have reported too late menopause. Conversely, women who
use a hormonal intrauterine device may have no menstrual bleedings
despite being premenopausal, and these women may have reported
too early menopause. In total, 29.9% of the women in our study had
used systemic menopausal hormone therapy, and 20.7% had used hor-
monal intrauterine device. We excluded these women in supplemental
analyses, and the results remained virtually unchanged.

We made adjustment for the women’s year of birth since the
women in the oldest birth cohorts had higher mean number of
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Figure 2. The hazard ratios of reaching menopause (with 95% confidence intervals) according to number of childbirths among
women born in Norway during the years 1936-1966. (A) Crude (N =310 |147); (B) adjusted for year of birth (N=310 147); (C) adjusted
for year of birth, cigarette smoking, educational level, country of birth, oral contraceptive use and current body mass index (N =266 304). The haz-
ard ratios were estimated by applying a Cox proportional hazard model with restricted cubic splines to allow for a non-linear association. Number of

childbirths was included as a continuous variable.

childbirths and earlier mean age at menopause compared to the
women in the youngest birth cohorts (Gottschalk et al., 2020). In the
final model (Model Ill, Table II), we also made adjustment for ciga-
rette smoking, educational level, country of birth, oral contraceptive
use, and body mass index, and we found very similar results as in the
model adjusted for birth year only. A true confounder is associated
with and precede both the exposure and the outcome (VanderWeele,
2019). Thus, we did not make adjustment for variables that have un-
known relation with either number of childbirths or age at menopause,
such as physical activity and alcohol consumption. The use of hor-
monal contraceptives may influence women’s number of childbirths,
and possibly the age at menopause (Roman Lay et al., 2020; Langton
et al, 2021). Adjustment for oral contraceptive use did not alter the
associations of number of childbirths with age at menopause in our
study. Long-acting hormonal contraceptives, such as progestin-only
injections or implants, may inhibit ovulation and could thus influence
number of children and age at menopause. Unfortunately, our data did
not include information about such contraception methods. Also, we
had no information about health status and body mass index prior to
first childbirth. As a proximate measure for body mass index, we
made adjustment for body mass index at the time of data collection
(Groenwold et al., 2021). Adjustment for body mass index did not al-
ter the estimates notably. Although we made adjustment for several
factors in our study, we cannot rule out residual confounding.

Comparison with other studies

Several studies have reported that women with no or one childbirth
are at increased risk of early menopause (Gold et al., 2001; Gold,
2011; Pelosi et al., 2015; Langton et al., 2020; Roman Lay et al., 2020).
We did not study the risk of early menopause, but our findings sup-
port that women with no or one childbirth are overrepresented
among women with early menopause.

Whether a high number of childbirths increases the age at meno-
pause, is insufficiently studied. Some previous studies applied linear re-
gression models for their data analyses, and number of childbirths was
included as a continuous variable (Stanford et al., 1987; Mishra et dl.,

2007; Roman Lay et al., 2020). Such models assume linear relations,
and a non-linear association of number of childbirths with age at men-
opause cannot be detected. Several previous studies failed to report
associations of age at menopause with any number of childbirths be-
yond four, possibly due to lack of statistical power (Gold et al., 2001;
Kaczmarek, 2007; Mishra et al., 2007; Henderson et al., 2008; Li et dl.,
2012; Gold et al., 2013; Wang et al., 2018). A study of 3302 women
in the USA included number of childbirths as a categorical variable (I,
2, 3 and >4) in their data analyses and reported no association with
age at menopause (Gold et al., 2013). Yet, two studies may support a
non-linear association (Dorjgochoo et al., 2008; Langton et al., 2020).

Previous studies of the association of number of childbirths with age
at menopause have used different definitions of age at menopause
(Gold et al., 2001; Kaczmarek, 2007; Mishra et al., 2007; Dorjgochoo
et al., 2008; Henderson et al., 2008; Li et al., 2012; Gold et al., 2013;
Wang et al., 2018). Comparison of results may therefore be challeng-
ing. In our study, all women who reported to have had their final men-
strual period were defined as postmenopausal, also the few women
with last menstrual period within the year prior to data collection.
These women were included in the data analyses to ensure represen-
tative inclusion of menopausal women from recent cohorts.

Interpretations

In line with other studies, we found that women with no or one child-
birth were youngest at menopause. It is conceivable that many women
with no or one childbirth only have reduced fecundity (Laisk et al.,
2019). If this is true, our findings may suggest that reduced fecundity is
associated with early menopause.

We found no evidence of increasing age at menopause by number
of childbirths among women with more than three childbirths.
Menopause is caused by the exhaustion of the ovarian follicle reserve,
and menopause is assumed to occur when less than 1000 follicles re-
main in the ovaries (Faddy et al., 1992). The ‘oocyte sparing’ hypothe-
sis suggests that recruitment and atresia of ovarian follicles is
suppressed during pregnancy, and that such suppression contributes to
preservation of the ovarian follicle reserve, and thereby to delayed
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menopause (Cramer et al, 1995; McGee and Hsueh, 2000; Pelosi
et al., 2015). If this hypothesis is true, age at menopause will increase
by number of childbirths. Thus, our results do not support the ‘oocyte
sparing’ hypothesis. On the contrary, our results indicate that the rate
of follicle atresia is independent of number of childbirths.
Nevertheless, our results are compatible with sparing of oocytes dur-
ing the first three pregnancies, and thereby delayed menopause by
number of childbirths up to three. In subsequent pregnancies, how-
ever, no further sparing of oocytes may take place, or other biological
mechanisms counteract the effects of ‘oocyte sparing’ on age at meno-
pause in multiparous women.

Also, oral contraceptive use has been assumed to reduce the re-
cruitment and atresia of oocytes, and thereby delay menopause.
However, recent studies report modest influence of oral contraceptive
use on age at menopause, and these findings also challenge the ‘oocyte
sparing’ hypothesis (Roman Lay et al., 2020; Langton et al., 2021).

The biological mechanisms underlying the large variation in age at
menopause are not well understood (Laisk et al., 2019). For an individ-
ual woman, it may be important to know that a high number of preg-
nancies does not influence age at menopause, and possibly not ovarian
aging. Whether the decrease in fertility rates seen in many parts of the
world, will influence population mean age at menopause is yet to be
studied.

Conclusions

In our study of 310 147 women, age at natural menopause increased
with increasing number of childbirths up to three childbirths but did
not increase beyond three childbirths. This finding does not support
the hypothesis of an increasing age at menopause by number of
childbirths.
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