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is positively associated with the healthy longevity of
women. The estimates of the ratio of healthy sur-
vivorship presented in Table 4b show that giving birth
after age 40 or 35 is positively associated with the
likelihood of survival plus ADL independence. Most
of the estimates are statistically significant; the
association between giving birth after age 40 and
healthy longevity is very dramatic and highly signifi-
cant. The chance of surviving with ADL independ-
ence for women who had 1+, 2+, 3+ births after age
40 increased by 133-542 per cent from age 80-85 to
100-105, and increased by 62-235 per cent from age
90-95 to 100-105, compared with women who did not
have such late births.

All of the estimates of the ratio of survivorship and
ratio of healthy survivorship among the oldest-old
men who had one birth or more after age 40 (i.e., the
men whose wives had one or more births after the
men reached age 40) are greater than one; most esti-
mates are statistically significant. The likelihood of
surviving with ADL independence from age 8085 to
100-105 for men who had 1+, 2+, and 3+ births after
age 40 was 58-143 per cent higher than for men who
did not have such a late birth. The increases in the

likelihood of healthy survival from age 90-95 to
100-105 for the men who had 1+, 2+, and 3+ births
after age 40 were 1143 per cent. The likelihood of
healthy survival from age 80-85 to 90-95 among the
men who had 1+, 2+, or 3+ births after age 40 were
40-69 per cent higher than for those who did not have
such a late birth.

Discussion

A study using logistic regression, controlling for a few
major socio-economic factors and based on two large
datasets—one from Great Britain the other from
Austria—finds a positive relationship between giving
birth after age 40 and longevity among women
(Doblhammer 2000). These results are consistent
with two previous studies (Voland and Engel 1986;
Perls et al. 1997). Perls et al. (1997) found that among
92 centenarians born in 1896, 19 per cent had borne
children after age 40, whereas only 6 per cent had
done so among a control group of 49 women born in
the same year who had died at age 73. One possible
explanation is that factors conducive to bearing a

Table 4b  Ratio of healthy survivorship (RHS) of elders who had one or more births after age 35 or after age 40 to those

who did not have late births

Ages 100-105 vs. 80-85

Ages 100-105 vs. 90-95

Ages 90-95 vs. 80-85

Py(x), m(x + n) Py(80-85) m(100-105) RHS p

P1(90-95) 7(100-105) RHS p

P1(80-85) m(90-95) RHS p

Birth(s) after age 35

Men
1+ births 69.0 71.4 1.12 0.506 72.3
2+ births 50.1 56.3 1.28 0.103 49.9
3+ births 30.2 393 1.50 0.010 32.7
Women
1+ births 49.8 60.5 1.54 0.000 51.3
2+ births 24.6 36.7 1.78 0.000 28.2
3+ births 8.9 20.7 2.68 0.000 12.6

Birth(s) after age 40

Men
1+ births 48.9 60.2 1.58 0.003 57.6
2+ births 252 39.8 1.97 0.000 33.7
3+ births 10.8 22.8 2.43 0.000 17.1
Women
1+ births 219 39.5 2.33 0.000 28.7
2+ births 5.6 18.4 3.77 0.000 10.8
3+ births 1.3 8.0 6.42 0.000 2.5

71.4 095 0.778 69.0 72.3 1.17 0.151
56.3 1.29 0.097 50.1 492 0.96 0.709
39.3 1.34 0.069 30.2 315 1.07 0.556
60.5 1.45 0.000 49.8 51.9 1.09 0.891
36.7 1.48 0.000 24.6 29.0 1.25 0.045
20.7 1.81 0.000 89 13.9 1.67 0.001
60.2 1.11 0.496 48.9 57.3 1.40 0.001
39.8 1.30 0.097 252 33.6 1.51 0.000
22.8 1.43 0.057 10.8 17.0 1.69 0.000
39.5 1.62 0.000 21.9 29.7 1.50 0.000
18.4 1.85 0.000 5.6 11.7 2.21 0.000
8.0 335 0.000 1.3 34 2.59 0.005

Notes: (1) Py(x) = percentage of elders who gave birth after age 35 or age 40 among those aged x. (2) w(x + n) = percentage
of elders who gave birth after age 35 or age 40 among those age x + n and ADL independent. (3) p = significance level of
x2-tests based on the method of Mantel and Haenszel (1959) to test whether there is a statistically significant difference of
healthy survivorship between those with the fixed attribute and those without it.

Source: As for Table 1.
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child at a later age might also be conducive to having
aged at a slower pace and living longer. It is possible
that later menopause is an additional marker.

Snowdon et al. (1989) and Snowdon (1990) show
that the mortality risk for women who had their
natural menopause before age 40 is nearly twice as
high as that of women who experienced menopause
at age 50-54. It may be that the positive impact of late
menopause results from the extended period of
endogenous oestrogen production. A positive rela-
tionship between age at natural menopause and
breast cancer (Heck and Pamuck 1997), and an
increase in the risk of breast cancer due to oestrogen
therapies (Law et al. 1996; Paganini-Hill 1996) have,
however, also been found. The delay of menopause
itself is perhaps unlikely to be the cause of increased
longevity (Perls et al. 1997; Perls and Fretts 2001).

In addition to the effects of an extended period of
endogenous oestrogen production, later pregnancy,
childbirth, and breastfeeding may also stimulate
women’s biological systems and positively affect
survival and health. Furthermore, some social factors
might also contribute to the positive relationship
between later childbearing and longevity. The contri-
bution of social factors can be investigated by
analysing the fertility of men and longevity data.
Doblhammer (2000) could not address this issue
owing to a lack of information on the fertility of
males in her datasets. With the exception of one
recent study, none of the previous studies investi-
gated the association between late childbearing and
longevity among men (Doblhammer 2000). Based on
the Utah genealogical database, Smith et al. (2003)
found that late age at last birth is associated with
greater post-reproductive longevity among women;
husbands of these women experienced weaker
longevity benefits associated with late fertility.

The 1998 baseline and 2000 follow-up surveys in
China on the determinants of healthy longevity
collected data on fertility, health status, and
mortality/survival from oldest-old men as well as
women. This enables us to explore possible social
factors, such as whether the advantage in health
longevity enjoyed by those very old people who had
births at late ages is partly a consequence of having
younger children to take better care of them. Statis-
tical analysis based on the 1998-2000 follow-up data
demonstrates that having 3+ births after age 35 or 2
or 3+ births after age 40 is significantly associated
with survival and healthy survival during the 2-year
period among the oldest-old Chinese women and
men. The association of late childbearing with
healthy longevity is stronger in oldest-old women
than in their male counterparts. All of these statistical

model estimates are adjusted for a variety of
confounding factors of demographic characteristics,
family support, social connections, health practice,
and health conditions.

The FAD analysis based on the 1998 baseline
survey shows that late childbearing, especially having
3+ births after age 35 or 2 or 3+ births after age 40, is
positively associated with long-term survival and
healthy survival from ages 80-85 to 90-95, and
100-105. This association exists among oldest-old
women and men, but, again, the effects are substan-
tially stronger in women than in men.

An extended period of endogenous oestrogen
production, later pregnancy, birth delivery, and
breastfeeding may stimulate biological systems and
positively affect survival and health for women. But
the positive effect of later childbearing on survival
and healthy survival for oldest-old fathers cannot be
explained by biological mechanisms related to late
pregnancy and delivery. Thus the effect on men indi-
cates that various social factors may also be impor-
tant. One possible explanation is that the oldest-old
who had children after age 35 or 40 might receive
better care from their relatively younger offspring.
Other hypotheses are that the family environment of
the middle aged and the elderly might be more enjoy-
able and longevity-enhancing if it includes babies and
younger children. Further, people who produce late
offspring might tend to take better care of their
health because they have the responsibility of raising
children and want to survive to see their children get
married and produce grandchildren; such effects may
continue from middle age to old age.

From the ordinal logistic regression analysis, we
found that the oldest-old who had 2+ surviving
children born after age 35 or 40 and had at least one
such late-born daughter living nearby had statistically
significant advantages in healthy survival over those
who also had 2+ surviving children born after age 35
or 40 but not a nearby late-born daughter. This indi-
cates that young daughters may provide better care
to their very old parents than do sons. This is
consistent with the literature on the gender dimen-
sion of family care and intergenerational relations
(Gerstel and Gallagher 1993; Grundy et al. 1999;
Légaré and Martel 2000; Zeng and George 2000; Zhi
2001; Grundy 2002).

Enlightened by the discussions in the literature
(e.g., Hutchinson and Rose 1991; Kirkwood and Rose
1991; Perls 1997; Perls and Fretts 2001; Perls et al.
2002), we also hypothesize that women who have 3+
births after age 35 or 2 or 3+ births after age 40 and
who remain healthy up to the oldest-old ages of
80-105 may have specific longevity gene(s) or other
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unobserved biological characteristics. The possession
of such genetic or biological characteristics, or both,
may be associated with higher fecundity after ages
3540 and healthy longevity among women. The
genetic hypothesis may be less relevant among
oldest-old men who have 3+ offspring after age 35 or
2 or 3+ after age 40. This is because the decline of
fecundity with the increase in age among men is much
slower than it is among women. Most men are able
to provide fertile sperm after age 40, 45, or even 50,
and thus produce late-born offspring if the wife or
female partner is able to conceive (Check et al. 1989;
Schill 2001). In our sample, 16, 8, and 7 per cent of
the oldest-old men had 1, 2, or 3+ offspring, respec-
tively, after age 45, and 9, 3, and 2 per cent of the
oldest-old men had 1, 2, and 3+ offspring, respec-
tively, after age 50. The statistical analysis of the
1998-2000 follow-up data shows that, among oldest-
old men, the association of late childbearing with
healthy longevity after age 45 or 50 is similar to that
of women giving birth after age 40.

In addition to possible biological and social factors,
discussed above, selection may also play an impor-
tant role. It may be that physically robust and healthy
persons are more likely to have children after age 40
and also enjoy healthy longevity. Rich and healthy
men might have married much younger women, and
thus had higher chances of having children at later
ages.

It seems clear that late childbearing is significantly
associated with health longevity at ages 80-105. The
magnitude of the effects of late childbearing on
maternal mortality and healthy survival at middle age
and the early stages of elderly life in China is,
however, uncertain. We had no information for the
early stages of the life course. It is possible that,
among the cohort members born 80-105 years ago,
some women who gave birth after age 35 or 40 have
died owing to difficulties at childbirth or the extra
burden and hardship of raising more children. The
husbands of these unfortunate and perhaps geneti-
cally or biologically weak women might have died,
too, as a result of sadness about the wife’s death and
the burden of raising small children as a widowed
father with poor resources. As Chen and Jones (1989,
p- 73) noted: in high-mortality populations, the aged
are those who have survived the dangers of being
born, the risks of infancy and childhood, and the
sicknesses and accidents of middle age. The sick-
nesses and accidents of middle age might include
delivery difficulties resulting from late childbearing
and maternal mortality and its associated psycho-
logical and physical losses.

In general, the oldest-old observed in the

1998-2000 follow-up surveys are a select group who
survived the possible hardships of their middle ages
and are generally robust in health. Also some of them
may be genetically strong. Perhaps robust women
who gave birth after age 35 or 40 were able to
overcome the difficulties caused by late childbearing
during and after the deliveries, and, therefore, could
survive to age 80-105. The weaker women who
happened to give birth after age 35 or 40 might have
died owing to problems during and after the deliv-
eries. Thus the selected, (because more robust)
oldest-old women with late childbearing experience
may have advantages in healthy survival. Research
on the extraordinarily selected population of Chinese
oldest-old (including women who gave birth after age
35 or 40 and are likely to be more robust) may
provide important insights into why some people
survive to advanced old age in good health while
others do not (Zeng et al. 2001). Nevertheless, it is
not appropriate to draw firm conclusions from this
study about the association of later childbearing with
healthy survival at middle age and at the early stage
of elderly life among the Chinese, although
European studies have indicated that such an associ-
ation exists (Doblhammer 2000).

In sum, we believe that four factors may possibly
explain why late childbearing may positively affect
healthy longevity at advanced ages: (1) social
factors; (2) biological changes caused by late preg-
nancy and delivery; (3) genetic or other biological
characteristics, or a combination of genetic and
other biological factors, associated with healthy
longevity and higher fecundity; and (4) selection.
The biologic hypothesis, (2), is probably applicable
to women only. The genetic/biological characteristics
hypothesis, (3), may be more applicable to women
than to men, but it is not clear how much of an effect
genes may have and how large the sex differentials
are. The social and selection hypotheses may be
applicable to both women and men. Although rela-
tively weaker than the effects for the oldest-old
women, the remarkable positive association of late
childbearing with healthy longevity among the
oldest-old men has led us to conjecture that social
factors and selection are important in addition to
biological and genetic factors.

Appendix

Physical and mental health variables

The ADL functional statuses of eating, dressing,
transferring, using the toilet, bathing, and continence
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are used to measure the elderly person’s status of
independence in daily living, based on the inter-
national standard of Katz’s ADL index (e.g., Katz
et al. 1963) adapted to the Chinese cultural/social
context and carefully tested by pilot studies/inter-
views. In this paper, if none of the six ADL activities
is impaired, the elder is classified as ‘ADL active’; if
one or more activities are impaired, the elder is clas-
sified as ‘ADL impaired’.

The mental state of the Chinese oldest-old was
screened using the Chinese version of the MMSE,
which was culturally adapted and translated into the
Chinese language. It was based on the international
standard MMSE questionnaire (Folstein et al. 1975),
and carefully tested in our pilot survey interviews.
The Chinese version of the MMSE is appropriate for
the cultural and socio-economic conditions among
oldest-old persons in China. The questions are easily
understandable and can be readily answered if the
subject’s cognitive function is normal (see Zeng 2002,
for details). A perfect score on the MMSE is 30; the
methods for determining the score based on items
referring to orientation, registration, attention, calcu-
lation, recall, and language are the same as for the
international standard version. We also use the same
cut-offs as the MMSE international standard to
define a score of 24+ as ‘Normal cognitive function’,
and <24 as ‘Impaired cognitive function’ (see, e.g.,
Osterweil et al. 1994; Deb and Braganza 1999).

Each interviewee was asked the question ‘How do
you rate your health at present?’, with possible
responses being ‘excellent’, ‘good’, ‘fair’, ‘poor’, or
‘not able to answer’; no proxy responses were
allowed. Responses were dichotomized into very
good/good vs. fair/poor. Those oldest-old who were
not able to answer the question on self-rated health
owing to health problems are included in the fair/
poor category, which is a reasonable solution because
these interviewees were generally not in good health.

The depression symptoms measure was based on
answers to three questions about whether the subject
‘looked on the bright side of things’, ‘did not feel
lonely’, and ‘felt as happy now as when young’. If an
elder answered ‘no’ to all of these three questions, he
or she was classified as ‘no depression symptoms’.
Otherwise, he or she was classified as ‘having depres-
sion symptoms’.

Family support and social connections
Marital status. Subjects who were widowed,

divorced, separated, or never married in 1998 were
compared with those who were married.

Surviving children. The number of surviving
children at the time of the 1998 survey was coded as
0,1-2,3-4, and 5+.

Proximity to children. Subjects who lived with
children or had at least one child close-by (in the
same village or in the same neighborhood, i.e. within
a small urban area belonging to the same neighbor-
hood committee) were compared with those who
neither had children living with them nor had
children living close-by.

Religious activities. These (which were social activ-
ities and not manifestation of religiosity, such as
personal prayer) were dichotomized into ‘do not
participate’ (83.6 per cent) and ‘participate almost
everyday or sometimes’ (16.4 per cent).

Social connection/support index. This was based
on the following questions addressed to each inter-
viewee. (1) Do you play cards or mah-jong regularly
at the present time? (2) Do you watch TV or listen to
the radio regularly at the present time? (3) Are retire-
ment wages your first or second most important
means of financial support? (4) Can you get adequate
medical service when you are sick? (5) When you are
sick, who usually takes care of you? The possible
answers to questions (1)-(4) are ‘yes’ or ‘no’. If the
answer is ‘yes’, a score of 1 is given; otherwise, a score
of ‘0’. The options for the answer to question (5) are
(a) children and/or spouse; (b) other family members;
(c) live-in caregiver; (d) friends; (e) social service; (f)
nobody. Those who provided answers (a) and/or (b)
and/or (c) were given a score of 1; answers (d) and (e)
were given a score of 0.5; and answer (f) was given a
score of 0. The sum of the scores covering these five
questions was dichotomized at approximately the
midpoint of the distribution of the sample into low
and high social connection/support categories.

Health practice

Cigarette smoking. Smoking status was determined
with the question ‘Do you smoke regularly at the
present time?” Response options were ‘no’ and ‘yes’.

Alcohol consumption. Alcohol use was deter-
mined with the following three questions: (1) Do you
drink alcohol at the present time? (2) If you drink
alcohol at the present time, how much per day on
average do you drink? The measurement unit
employed in the answer was ‘liang’, which is approx-
imately equal to 50 grams and is widely used as a unit
for measuring alcohol consumption in people’s daily
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conversations in China. (3) If you drink at the present
time, what kind of alcohol do you mainly drink? The
options for the answer were ‘liquor’, ‘wine’, or ‘rice
wine’. We coded subjects into ‘strong alcohol drinker’
if they drank more than 2 liang (100 grams) of liquor
per day or more than 6 liang (300 grams) of wine per
day or 8 liang (400 grams) of rice wine per day;
otherwise, the subject was coded as ‘not a strong
alcohol drinker’.

Diet. If a respondent ate both meat and fresh vege-
tables often, he or she was considered to have a
‘healthy diet’; otherwise, he or she was considered to
have an unhealthy diet.

Exercise. If a subject exercised regularly, he or she
was coded as ‘yes’; otherwise, ‘no’.

Some self-report variables such as adequacy of
medical service, diet, exercise, and depression
symptoms are inevitably vulnerable to the vagaries of
subjective judgement but can be useful when objec-
tive data are impossible to obtain, as was the case in
our survey. For example, many previous studies have
demonstrated that self-assessed health status acts as
a significant and independent predictor of the func-
tioning and mortality of older people (e.g., Lee 2000).
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