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Abstract

Background: Chinese women'’s reproductive patterns have changed significantly over
the past several decades. However, relatively little is known about the pace and charac-
teristics of these changes either overall or by region and socioeconomic status.

Methods: We examined the cross-sectional data from the China Kadoorie Biobank cohort
study that recruited 300000 women born between 1930 and 1974 (mean age: 51 years)
from 10 socially diverse urban and rural regions of China. Temporal trends in several
self-reported reproductive characteristics, and effect modification of these trends by area
and education (as a surrogate for socioeconomic status), were examined.

Results: The overall mean age at menarche was 15.4 (standard deviation 1.9) years, but
decreased steadily over the 45 birth cohorts from 16.1 to 14.3 years, except for an anom-
alous increase of ~1 year for women exposed to the 1958-61 famine in early adoles-
cence. Similarly large changes were seen for other characteristics: mean parity fell
(urban: 4.9 to 1.1; rural: 5.9 to 1.4); mean age at first birth increased (urban: 19.0 to 25.9
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years; rural: 18.3 to 23.8 years); and birth spacing increased after 1980 to over 5 years.
Breastfeeding declined after 1950 in urban and, after 1980, in rural women; and 68% of
urban and 48% of rural women experienced a terminated pregnancy. Mean age at meno-

pause increased from 47.9 to 49.3 years.

Conclusions There have been striking changes in reproductive factors over time and be-
tween areas among these Chinese women. Their effects on major chronic diseases

should be investigated.
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Key Messages

months of life).

strict fertility control, particularly in some urban areas.

* The reproductive patterns of Chinese women have changed significantly over the past several decades, partly or
wholly due to the major social and economic changes that have occurred in China.

* Mean age at menarche decreased by approximately 2 years between women born in 1930 and those born in 1974.

* Women who experienced the 1958-61 famine around puberty had, on average, a 1-year delay in menarche, with
somewhat greater effect among the rural and the least educated women. In contrast, there was no interruption in the
downward trend for women who experienced famine around the time of birth (either in utero or in the first few

Parity fell steadily from 1950 (as in other surrounding countries), with no obvious inflection after the introduction of
the one-child policy, suggesting that fertility rates may have eventually fallen to below replacement level without

* The main effect of the one-child policy seems to have been to increase the mean age at first birth, especially in urban
areas, and there was a sudden increase in the spacing between first and second births after its introduction.

Introduction

The reproductive patterns of Chinese women have changed
significantly over the past several decades, partly or wholly
due to the major social and economic changes that have
occurred in China."” These changes include: the introduc-
tion of a strict family planning policy (the so-called ‘one-
child’ policy); recent rapid urbanization and economic
development; and periodic social upheavals (e.g. wars,
famines). However, the pace and characteristics of these
changes—either overall or by region and socioeconomic
status—have not been properly investigated, nor have the
potential long-term consequences of these changes on
major chronic diseases.

In China, a strict family planning policy was introduced
during the late 1970s, which not only restricts the number
of children a couple can have (usually one in urban and up
to two in rural areas) but also encourages late marriage
and childbirth. The seemingly large and profound impact
on reproductive patterns of Chinese women has not always
been considered in the context of other rapid social and
demographic changes seen since the 1950s.!

Studies from predominantly Western populations have
shown that characteristics

reproductive change as

countries become more affluent and better educated.” As a
result of improved nutrition, the mean age at menarche
falls and at menopause rises,” and as women become more
educated, the fertility rate declines® as well as the likeli-
hood and duration of breast feeding.®

There is evidence from the West that exposure to fam-
ine can cause a sharp, but temporary, increase in mean age
at menarche,” modestly decreased reproductive function®
and a small decrease in age at natural menopause.’
However, there are only limited Chinese data on the effects
of famine on reproductive factors.'’

Although there have been reports of temporal changes
in reproductive characteristics among Chinese women, '
they have been small, from limited geographical areas or
were conducted many years ago, and have been unable to
assess reliably whether the pace of change was affected by
urbanization and socioeconomic status. We report data on
300000 women from the China Kadoorie Biobank study
(CKB),"" who were recruited during 2004-08 from 10 so-
cially diverse areas of China. These women were born be-
tween 1925 and 1978 and so experienced the major social
and economic changes described during their reproductive

lives (1950s to 1990s). We aim to examine the temporal
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trend of reproductive characteristics both overall and by
urbanization, and to assess the impact of major socioeco-
nomical factors on any such trends.

Methods

The CKB study is a blood-based prospective cohort study
of 0.5 million Chinese adults. Detailed information about
the study design and procedures has been reported previ-
ously.'™'? Briefly, the baseline survey took place from
2004 to 2008 in 10 geographically defined areas of China
(eFigure 1, available as Supplementary data at IJE online).
At the baseline survey, socio-demographic, lifestyle and
medical data were collected. Women were asked about
their reproductive history, including age at menarche and
menopause, gravidity and parity, duration of breastfeeding
for each live birth, use of oral contraceptive pills and his-
tory of hysterectomy, ovarian or breast surgery. All partici-
pants are being followed up for cause-specific morbidity
and mortality but only the baseline data have been used for
this report to perform a retrospective analysis of the wom-
en’s reproductive histories.

Ethical approval was obtained from the ethical
review committee of the Chinese Center for Disease
Control and Prevention, Beijing, China and the Oxford
Research Ethics
Oxford, UK. All study participants provided written in-

Tropical Committee, University of

formed consent.

Statistical methods

Only women with known age at birth, known educa-
tional history and the relevant reproductive history data
were included in these analyses. Analyses of childbearing
characteristics were further restricted to women aged 35
years or over, of whom more than 95% had finished
child bearing. Only women with at least one live birth
were included in analyses of age at first birth and
breastfeeding, and only women with at least two live
births were included in analyses of time between first
and second births. Analyses of menopause included only
women aged 57 years or over (of whom 99% reported
being post-menopausal) and who had experienced nat-
ural menopause. For analyses of breastfeeding, the aver-
age duration of breastfeeding per baby was calculated
for each woman. For analyses of abortion (termination
of pregnancy or miscarriage), the rate is the percentage
of women reporting at least one abortion. The abortion
rates differed greatly in Gansu (a rural area in central
China: eFigure 1, available as Supplementary data at
IJE online) from the other regions (see Results), and so
have been presented separately.

To describe the population, crude distributions of age,
education and the reproductive factors were calculated
separately for women in urban and rural areas, and over-
all. To assess temporal trends, area-adjusted means of each
reproductive factor were calculated by year-of-birth of the
woman or by year-of-birth of the first child, whichever
seemed most appropriate, and plotted as a 3-year moving
average. Years with fewer than 100 women were not plot-
ted because the results were too unreliable.

Women with inconsistent data on any reproductive fac-
tor (n=166) were removed from the dataset and, to avoid
extreme values (which may or may not have been data
entry errors) skewing the results, women in the top and
bottom 0.1% of values for any reproductive variable
within a 5-year age band were also excluded (n=1917).
No attempt was made to impute values for this 0.7% of
excluded data. All analyses were performed using SAS ver-
sion 9.2.

Results

Of 302 669 women recruited into the study, 300 586 had
all the data required to include them in the analyses, and
the main demographic and reproductive characteristics of
these women are given in Table 1 (and, for each of the 10
areas, in eTable 1 available as Supplementary data at IJE
online). The mean [standard deviation (SD)] baseline age
was 51 (11) years and the mean year of birth was 1955.
Urban and younger women tended to be better educated:
one-third of all urban women completed high school,
whereas only 6% of all rural women did so (one-third had
no formal education at all). Over 99% of the women had
ever been married, with 9% widowed and 2% divorced at
the time of the baseline survey. 88% of the women re-
ported experiencing menarche between ages 13 to 18, with
mean (SD) of 15.4 (1.9) years. Almost all the women
(99%) had experienced at least one pregnancy and >99%
of those had at least one live birth. Urban women had
fewer children on average and the mean age at first birth
was older than for rural women (Table 1; both P
<0.0001). Most women had breastfed at least one of their
babies (97%), with 93% of them breastfeeding each baby
for more than 6 months, on average. Among women who
had breastfed, rural women breastfed for an average 4
months longer than urban women (16.4 vs 12.2 months, P
<0.0001). Excluding Gansu, 58% of women had experi-
enced terminated pregnancy (68% urban, 48% rural),
whereas 8% of women had experienced a miscarriage (6%
urban, 10% rural). The pattern in Gansu had very different
rates: only 3% of women had experienced termination of
pregnancy whereas 16% had miscarried. The mean (SD)
age at menopause was 48.2 (4.3) years among the 83 791
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Table 1 Demographic and reproductive characteristics

Characteristics Urban Rural Overall
Number of women 134173 166 413 300 586
Age (years)

Mean (SD) 52.1(10.7) 50.0 (10.2) 50.9 (10.5)
Birth cohort (%)

<1930 <1 <1 <1

1930-1939 13 8 10

1940-1949 21 20 21

1950-1959 32 32 32

1960-1969 28 34 31

>=1970 S 6 6

Mean (SD) 1954 (10.7) 1956 (10.2) 1955 (10.5)
Highest education (%)

No formal school 17 32 25

Primary school 20 40 31

Middle school 30 22 25

High school 23 6 14

University/College 9 <1 4
Age at menarche (%)

<13 6 S 5

13-14 30 26 28

15-16 36 38 37

17-18 22 25 23

>=19 S 6 6

Mean (SD) 15.3(2.0) 15.5(1.9) 15.4 (1.9)
Number with at least one pregnancy 132 456 165333 297 789
(excluding Gansu) - 135188 267 644
Number of live births (%)

0 <1 <1 <1

1 52 21 35

2 24 39 32

3-4 20 31 26

>=3 4 9 7

Mean (SD) 1.9 (1.2) 2.5(1.4) 2.2 (1.3)

Median (Q1, Q3) 1(1,2) 2(2,3) 2(1,3)
History of abortion®

No history of abortion 29 45 37

History of induced abortion” 68 48 58

History of spontaneous abortion® 6 10 8

Number with at least one live birth 131613 165 006 296 619
Age at first birth (%)

<20 4 13 9

20-21 11 27 20

22-23 19 29 24

24-25 28 21 24

>=26 37 10 22

Mean (SD) 24.7 (3.3) 22.3(2.7) 23.4(3.2)
Average duration of breastfeeding (%)

Never breastfed N 1 3

1-6 months 9 4 7

7-12 months 59 37 47

13-18 months 17 26 22

19-24 months 7 21 15

> 24 months 3 10 7

(Continued)



International Journal of Epidemiology, 2014, Vol. 43, No. 4 1256
Table 1. Continued
Characteristics Urban Rural Overall
Mean (SD) 12.2 (6.4) 16.4 (7.9) 14.5 (7.6)
Median (Q1, Q3) 12 (10, 13) 15 (12, 21) 12 (11, 18)
Age at menopause (years)®
Number of women 41190 42 601 83791
<43 8 11 9
43-47 22 24 23
48-53 58 54 56
>= 54 12 11 12
Mean (SD) 48.5 (4.3) 48.0 (4.4) 48.2 (4.3)

“Excludes Gansu because of very different rates (81% no abortion; 3% termination of pregnancy; 16 % miscarriage).

Some women will have experienced both termination of pregnancy and miscarriage.

“Excludes women <57 years old or who had surgical menopause (hysterectomy, oophorectomy) or who had a daiagnosis of cancer.

(a) By region
(n=290 719)
17
_ = = Rural
s —— Urban
16 4
N
S
©
[
>
-
Q
=
o
S
©
8 15
£
-
«©
Q
o
«©
c
[]
[F]
=
14 4
Age in 1958 (~ start of Great Famine):
13_28262422201816141210 8 6 4 2 0
T T T T T 1
1930 1940 1950 1960 1970

Year of birth of woman

(b)

By education

(n=290 693)
17
No formal school
= Primary school
=0= Middle school
=X = High school or above
16

Mean age at menarche (years)
@
1

-
£
1

Age in 1958 (~ start of Great Famine):
28 26 24 22 20 18 16 14 1210 8 6 4 2 0

13 -

T T T T 1
1930 1940 1950 1960 1970

Year of birth of woman

Figure 1 Time trends in mean age at menarche (a) by region and (b) by highest level of education

women who were naturally post-menopausal at the time of
interview, and was slightly higher in urban than rural
women (48.5 vs 48.0 years, P <0.0001). These crude ana-
lyses, however, disguise temporal trends in all reproductive
factors.

Figure 1 shows the temporal trend for mean age at me-
narche for women born 1930-70, by area and by highest
level of education. Overall, mean age at menarche
decreased from 16.1 to 14.3 years over 40 years. Although

the downward trend was predominantly linear, there was
an anomalous increase among women born around
1940-50, who were aged 8-18 years at the approximate
start of the famines in 1958-61. The deviation in the tem-
poral trend began earlier and lasted for longer in rural
compared with urban women (Figure 1a). Education was a
strong determinant of age at menarche, with the mean age
at menarche decreasing with increasing level of education
in every birth cohort (Figure 1b). Moreover, among the
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more educated women the anomalous increase due to fam-
ine was later and less extreme. This effect of education was
more marked among urban women than among rural
women (eFigure 2, available as Supplementary data at IJE
online).

Temporal trends in characteristics associated with
childbearing are shown in Figure 2. In both urban and
rural women, parity fell dramatically from 1950 onwards.
These decreases were continuous with no sudden falls or
plateaus until, among urban women, parity reached almost
one (Figure 2a). In urban areas, higher education was asso-
ciated with lower parity: in 1950, urban women with no
formal education had two more children, on average, than
women educated to high school or above; but this effect of
education was greatly reduced by 1980 (eFigure 3, avail-
able as Supplementary data at IJE online). By contrast,
there was no difference by education among rural women.
Mean age at first birth increased over time, at least up to
1980, after which the mean age at first birth decreased
again (Figure 2b). For urban women, this increase was
steady and continuous over the 30-year period (from 19.0
to 25.9 years), but there was some fluctuation among rural
women, with a small fall for first births in 1962-66, just
after the end of the famine period. From 1980-85, there
was a significant drop of about 1 year in the mean age at
first birth among both urban and rural women, before it
started to rise again. The peak occurred earlier and the fall
was less extreme among the most highly educated urban
women, whereas in rural women, education had less effect
on the trend (eFigure 4, available as Supplementary data at
IJE online).

Birth
(Figure 2c). Among urban mothers whose first birth was

spacing showed a more unusual pattern
before 1975, there were just under 3 years, on average, be-
tween first and second babies, although there was a small
temporary increase during the late 1950s. After 1975, the
gap leapt rapidly to almost 5 years for women having their
first child in 1982. This increase was greatest among the
most highly educated urban women (to over 6 years be-
tween births: eFigure 5, available as Supplementary data at
IJE online). The trend was more erratic among rural
women: birth spacing eventually increased to a mean of
5.5 years regardless of education (eFigure 5, available as
Supplementary data at IJE online).

Breastfeeding was more common and lasted longer in
rural than in urban areas (Figure 2d). For urban women,
the mean duration of breastfeeding fell steadily from 16 to
11 months. In rural areas, the mean lactation period was
18 months up to 1980, then dropped rapidly to 14 months.
In both urban and rural areas, women who had completed
high school were less likely to breastfeed than those with

no formal schooling (94% vs 99%: data not shown) and,

among those who did breastfeed, there was an inverse as-
sociation with level of education, which diminished with
time (eFigure 6, available as Supplementary data at IJE
online).

Figure 3 shows termination and miscarriage rates for all
urban, Gansu and all other rural areas. Termination of
pregnancy was far higher in urban than in rural areas for
every year of birth, and the rate increased with year of
birth from 45% to 71% among urban and from 23% to
62% among rural women (Figure 3a). By contrast, miscar-
riage fell from 14% to 3% among urban and 17% to 8%
among rural women. In Gansu, termination rates were
consistently very low (<5%) whereas miscarriage rates fell
from 37% to 12%.

Age at menopause rose steadily in both urban and rural
women, increasing by 11 [standard error (SE) 0.3] months
for every 10-years-later year of the woman’s birth (i.e.
from 47.9 to 49.3 years) but, across all birth cohorts,
urban women experienced menopause on average 7 months
later than rural women (Figure 4a). There was some associ-
ation between education and age at menopause, with the
most highly educated women experiencing menopause
on average 1 year later than those with no education
(Figure 4Db).

Discussion

In this study of 300000 Chinese women born between
1930 and 1974 in 10 diverse regions of China, we observed
some intriguing patterns over time and between social
groups in all of the reproductive factors studied. On aver-
age, a woman in this study experienced menarche at
15 years of age, had two children (with the first live birth
at 23 years) who were each breastfed for a mean of
14 months, and completed menopause at 48 years, giving
her 33 years of reproductive life. However, this summary
disguises significant differences between urban and rural
women, by education and, more strikingly, changes over
time.

Mean age at menarche decreased by approximately
2 years over the 45-year birth cohorts. This downward
trend has been observed in many countries during the 20th
century, but the pace and degree of the changes observed
in these Chinese women are greater than in the UK or
USA'" although comparable to Japan.'* Most striking,
however, was the 1-year delay in menarche among the
around puberty.

women who experienced famine

Although this peripubertal effect of famine on menarche

7,14-16
> the women were

has been observed in other studies,
drawn from small geographical areas and so it was not
possible to investigate the effect of famine under different

social and economic circumstances. In our study, the effect
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of famine on menarche was greater among the rural and
the least educated women: the famine hit the urban areas
later and was less severe, so it is perhaps not surprising
that the delay in menarche occurred later and was less se-
vere there. The dampening effect of education (as a proxy
for social class) suggests that the more highly educated
women were somewhat protected from the effects of fam-
ine. There was no interruption in the downward trend for
women who experienced famine around the time of birth
(either in utero or in the first few months of life). This is
concordant with the Dutch famine birth cohort'” which
also found no apparent association between perinatal fam-
ine exposure and age at menarche. It is not possible in a
Chinese population to disentangle the long-term effects of
pre-menarcheal famine (either around menarche or in
utero) on reproductive function from the changes in other
social conditions that occurred after the famine. Women
who underwent puberty during the famine were having
their first babies in the late 1960s, and there is no good evi-
dence from these data to suggest that they suffered any
long-term reproductive consequences of prepubescent fam-
ine. Women who were born during the famine were having
their first babies during the 1980s, and so trying to disen-
tangle any potential effects of i1 utero or neonatal famine
from those of the fertility control measures imposed during
the 1980s' is virtually impossible.

Though not nationally representative, our findings sug-
gest that the reproductive behaviour of these Chinese
women was already changing well before the introduction
of the one-child policy, probably due to China’s economic
development and improved education.'” Parity (which is
approximately equivalent to the fertility rate among these
women, since 99% of them had at least one live birth) fell
steadily from 1950, with no obvious inflection after the
one-child policy was introduced, suggesting that fertility
rates may have eventually fallen to below replacement level
without strict fertility control, particularly in some urban
areas. Indeed, during the latter half of the 20th century,
fertility rates also fell in the neighbouring countries, so that
by the end of the 20th century their total fertility rates
were lower than in China: official data from the United
Nations show that China’s total fertility rate was just over
1.8, compared with 1.1 in Hong Kong, 1.6 in Singapore
and South Korea and 1.4 in Taiwan.'®

As in high-income countries,'” these data show that
mean age at first birth has increased significantly in China.
The greater increase in mean age at first birth among urban
women compared with rural women reflects the greater
economic and social changes that have occurred as well as
stricter implementation of the family planning policy in
urban China. However, there was an anomalous fall in age
for both urban and rural women having their first babies

in the 1980s (that is, around the introduction of the one-
child policy). This fall in mean age at first birth is intrigu-
ing and has not been reported elsewhere. Birth spacing
shows the most striking pattern and is the one aspect of
childbearing that appears to have been affected by both the
famine and the fertility control policies. In both urban and
rural women, there was a temporary rise and fall in the
spacing between first and second births in the late 1950s,
but more striking is the sudden increase among urban
women at the end of the 1970s; the increase among rural
women was less extreme and occurred about a decade
later. This is in keeping with the greater enforcement of the
family planning policies in urban areas.” Finally, both the
incidence and the duration of breastfeeding fell with time,
in common with other studies observing this pattern as
women become more economically active and better
educated.®

In our study, the younger and more educated women
experienced menopause later. There is no previous
information from large-scale population-based studies in
China, but limited data from developed countries suggest
that the mean age at menopause seems to have either
remained stable or increased slightly over the 20th
century.”'*2

The quality of the data collected in CKB is excellent,
with very little missing information and good reproducibil-
ity.>* Moreover, any misreporting is likely to be random,**
which would attenuate any trends.>

The striking variations and rapid changes in Chinese
women’s reproductive characteristics demonstrated by this
large study may well have long-term consequences on
major chronic diseases. Several smaller studies have shown
associations between reproductive factors—such as age at
menarche, age at first birth, breastfeeding and age at meno-
pause—and risk of breast cancer.'*?**” More controver-
sially, gender differences in cardiovascular disease rates”
have prompted hypotheses that endogenous estrogen may
play a role.”®** However, few of these studies have been
large enough on their own to quantify reliably the rele-
vance of the major reproductive characteristics described
here to risk, and there is extremely limited prospective evi-
dence from China. With over 300000 women and estab-
lished linkages with mortality registries and coded
hospitalization episodes,'* the CKB should soon be able to
provide large-scale prospective evidence about the effects
of reproductive characteristics on the risk of major chronic
diseases in Chinese women.
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Supplementary data are available at IJE online.
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