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healthy survival is much stronger among the oldest- 
old women than the oldest-old men. 

A comparison of estimates between Model II and 
Model I shows that the addition of the covariates of 

family support (including the number of surviving 
children) and social connections as control variables 
to the model moderately weakens the association 
between late childbearing and healthy survival. The 
addition of the covariates of health conditions to the 
models further weakens the association. These obser- 
vations hold for both oldest-old women and men. 

Results based on the 1998 baseline survey data 
and the FAD method 

The 1998 survey shows that the fertility level among 
the three cohorts, aged 100-105, 90-95, and 80-85 in 

1998, was similar. We also believe that the impact of 

giving birth at later ages on longevity and healthy 
longevity did not change significantly across the 
cohorts of our subjects. Thus, it seems reasonable to 

investigate the association between late childbearing 
and healthy longevity using the FAD method based 

solely on the 1998 survey data. Because the FAD 
method is a univariate method of analysis, when we 

compare those with and those without the fixed 
attribute, we compare: those who had one or more 

(1+) late births with those who had no late birth; 
those who had two or more (2+) late births with those 
who had fewer than two or no late birth; and those 
who had three or more (3+) late births with those 
who had fewer than three or no late birth. Estimates 
of the ratio of survivorship show that women who had 

1+, 2+, 3+ births after age 35 would increase the 
likelihood of survival from age 80-85 to 100-105 by 
44, 59, and 127 per cent, respectively, compared with 
those women who did not have such late births. The 
increase in the likelihood of survival from age 90-95 
to 100-105 due to having 1+, 2+, 3+ births after age 
35 is 32-53 per cent. These estimates are highly sig- 
nificant. The impact of having 1+, 2+, 3+ births after 

age 40 on survival from age 80-85 to 100-105 and 
from 90-95 to 100-105 is even more dramatic-the 
increased likelihood of survival ranges from 102 to 
322 per cent and from 41 to 120 per cent, respectively 
(see Table 4a). 

The estimates also indicate that later childbearing 

Table 4a Ratio of survivorship (RS) of elders who had one or more births after age 35 or 40 to those who did not have such 
late births 

Ages 100-105 vs. 80-85 Ages 100-105 vs. 90-95 Ages 90-95 vs. 80-85 

Pl(x) P1(80-85) P1(100-105) RS p P1(90-95) P1(100-105) RS p P1(80-85) P1(90-95) RS p 

Birth(s) after age 35 
Men 

1+ births 69.0 71.0 1.10 0.449 72.3 71.0 0.93 0.596 69.0 72.3 1.17 0.106 
2+ births 50.1 54.4 1.19 0.125 49.9 54.4 1.20 0.121 50.1 49.9 0.99 0.913 
3+ births 30.2 35.6 1.28 0.036 32.7 35.6 1.14 0.281 30.2 32.7 1.12 0.233 

Women 
1+ births 49.8 58.8 1.44 0.000 51.3 58.8 1.35 0.000 49.8 51.3 1.06 0.489 
2+ births 24.6 34.2 1.59 0.000 28.2 34.2 1.32 0.001 24.6 28.2 1.20 0.059 
3+ births 8.9 18.1 2.27 0.000 12.6 18.1 1.53 0.000 8.9 12.6 1.48 0.005 

Birth(s) after age 40 
Men 

1+ births 48.9 57.9 1.43 0.001 57.6 57.9 1.01 0.926 48.9 57.6 1.42 0.002 
2+ births 25.2 37.6 1.79 0.000 33.7 37.6 1.18 0.158 25.2 33.7 1.51 0.000 
3+ births 10.8 21.2 2.21 0.000 17.1 21.2 1.30 0.070 10.8 17.1 1.70 0.000 

Women 
1+ births 21.9 36.2 2.02 0.000 28.7 36.2 1.41 0.000 21.9 28.7 1.43 0.000 
2+ births 5.6 15.3 3.02 0.000 10.8 15.3 1.49 0.000 5.6 10.8 2.03 0.000 
3+ births 1.3 5.4 4.22 0.000 2.5 5.4 2.20 0.000 1.3 2.5 1.91 0.047 

Notes: (1) Pl(x) = percentage of elders who gave birth after age 35 or after age 40 among those aged x. (2) 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 survivorship between those with the fixed attribute and those without it. 
Source: As for Table 1. 
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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 80-85 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 11-43 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 

Pl(x), c(x + n) P1(80-85) 7(100-105) RHSp P1(90-95) ir(100-105) RHS p P1(80-85) ,r(90-95) RHSp 

Birth(s) after age 35 
Men 

1+ births 69.0 71.4 1.12 0.506 72.3 71.4 0.95 0.778 69.0 72.3 1.17 0.151 
2+ births 50.1 56.3 1.28 0.103 49.9 56.3 1.29 0.097 50.1 49.2 0.96 0.709 
3+ births 30.2 39.3 1.50 0.010 32.7 39.3 1.34 0.069 30.2 31.5 1.07 0.556 

Women 
1+ births 49.8 60.5 1.54 0.000 51.3 60.5 1.45 0.000 49.8 51.9 1.09 0.891 
2+ births 24.6 36.7 1.78 0.000 28.2 36.7 1.48 0.000 24.6 29.0 1.25 0.045 
3+ births 8.9 20.7 2.68 0.000 12.6 20.7 1.81 0.000 8.9 13.9 1.67 0.001 

Birth(s) after age 40 
Men 

1+ births 48.9 60.2 1.58 0.003 57.6 60.2 1.11 0.496 48.9 57.3 1.40 0.001 
2+ births 25.2 39.8 1.97 0.000 33.7 39.8 1.30 0.097 25.2 33.6 1.51 0.000 
3+ births 10.8 22.8 2.43 0.000 17.1 22.8 1.43 0.057 10.8 17.0 1.69 0.000 

Women 
1+ births 21.9 39.5 2.33 0.000 28.7 39.5 1.62 0.000 21.9 29.7 1.50 0.000 
2+ births 5.6 18.4 3.77 0.000 10.8 18.4 1.85 0.000 5.6 11.7 2.21 0.000 
3+ births 1.3 8.0 6.42 0.000 2.5 8.0 3.35 0.000 1.3 3.4 2.59 0.005 

Notes: (1) Pl(x) = percentage of elders who gave birth after age 35 or age 40 among those aged x. (2) z(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 
X 2-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; 
L6gar6 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 
35-40 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 mnental 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). 

Notes 

1 Zeng Yi is Research Professor at the Center for Demo- 

graphic Studies and the Department of Sociology of 
Duke University, Professor of the China Center for 
Economic Research at Peking University, and Distin- 

guished Research Scholar at the Max Planck Institute for 

Demographic Research. E-mail: zengyi@duke.edu. 
James W. Vaupel is Founding Director of the Max Planck 
Institute for Demographic Research, and Senior 
Research Scientist at Duke University. 

2 This paper is based on data derived from the Chinese 
Healthy Longevity Survey, which was supported by 
NIA/NIH grant PO1 AG 08761 and with Chinese 
matching input towards personnel costs and some local 
expenses. The Max Planck Institute for Demographic 
Research provided support for international training. 
The authors thank Gu Danan and Zhenglian Wang for 
their excellent research assistance and comments. 

References 

Allison, P. 2002. Missing Data. Thousand Oaks, CA: Sage. 
Check, J. H., B. Shanis, A. Bollendorf, H. Adelson, and E. 

Breen. 1989. Semen characteristics and infertility in 

aging, Archives ofAndrology 23: 275-277. 

Chen, A. J. and G. Jones. 1989. Aging in ASEAN: Its Soci- 
oeconomic Consequences. Singapore: Institute of South- 
east Asian Studies. 

Christensen, K. and J. W. Vaupel. 1996. Determinants of 

longevity: genetic, environmental and medical factors, 
Journal of Internal Medicine 240(6): 333-341. 

Clark, D. O., T. E. Stump, and S. L. Hui. 1998. Predictors of 

morbidity and basic ADL difficult among adults aged 70 

years and older, Journal of Aging and Health 10(4): 
422-440. 

Coale, A. and S. Li. 1991. The effect of age misreporting in 
China on the calculation of mortality rates at very high 
ages, Demography 28(2): 293-301. 

Cox, D. R. 1972. Regression models and life tables (with 
discussion), Journal of the Royal Statistical Society 34B: 
187-220. 

Deb, S. and J. Braganza. 1999. Comparison of rating scales 
for the diagnosis of dementia in adults with Down's 

syndrome, Journal of Intellectual Disability Research 

43(5): 400-407. 

Doblhammer, G. 2000. Reproductive history and mortality 
later in life: a comparative study of England & Wales and 
Austria, Population Studies 54(2): 169-176. 

Doblhammer, G. and J. W. Vaupel. 2001. Lifespan depends 
on month of birth, Proceedings of the National Academy 
of Sciences of the United States of America 98(5): 
2934-2939. 

Fillenbaum, G. G. 1988. Multidimensional Functional 
Assessment of Older Adults: the Duke Older Americans 
Resources and Services Procedures. Hillsdale, NJ: 
Erlbaum Associates. 

Folstein, M. E, S. E. Folstein, and P. R. McHugh. 1975. 
Mini-Mental State: A practical method for grading the 

cognitive state of patients for the clinician, Journal of 
Psychiatric Research 12(3): 189-198. 

Gerdes, L. U., B. Jeune, K. Andersen-Ranberg, H. Nybo, 
and J. W. Vaupel. 2000. Estimation of Apolipoprotein E 

genotype-specific relative mortality risks from the distri- 
bution of genotypes in centenarians and middle-aged 
men: Apolipoprotein E gene is a 'frailty gene', not a 
'longevity gene', Genetic Epidemiology 19: 202-210. 

Gerstel, N. and S. Gallagher. 1993. Kin keeping and 
distress: gender, recipients of care, and work-family 
conflict, Journal of Marriage and the Family 55: 598-607. 

Grambsch, P. M. and T. M. Therneau. 1994. Proportional 
hazards tests and diagnostics based on weighted 
residuals, Biometrika 81: 515-526. 

Grundy, E., M. Murphy, and N. Shelton. 1999. Looking 
beyond the household: intergenerational perspectives on 
living kin and contacts with kin in Great Britain, Popu- 
lation Trends 97: 33-41. 

Grundy, E. 2002. Gender and ageing. Paper presented at 



52 Zeng Yi and James W Vaupel 

the IUSSP (International Union for Scientific Studies of 

Population) Seminar on Longer Life and Healthy Aging, 
Beijing, 22-24 October. 

Harrell, E E. 2001. Regression Modeling Strategies: With 

Applications to Linear Models, Logistic Regression, and 
Survival Analysis. New York: Springer-Verlag. 

Heck, K. E. and E. R. Pamuck. 1997. Explaining the relation 
between education and postmenopausal breast cancer, 
American Journal of Epidemiology 145(4): 366-372. 

Hill, M. E. 1999. Multivariate survivorship analysis using 
two cross-sectional samples, Demography 36: 497-503. 

Hitt, R., Y. Young-Xu, and T. Perls. 1999. Centenarians: the 
older you get, the healthier you've been, Lancet 354: 652. 

Hosmer Jr, D. W. and S. Lemeshow. 1989. Applied Logistic 
Regression. New York: Wiley. 

Hutchinson, E. W. and M. R. Rose. 1991. Quantitative 

genetics of postponed aging in Drosophila melanogaster, 
I: analysis of outbred populations, Genetics 127: 719-727. 

Katz, S., A. B. Ford, R. W. Moskowitz, B. A. Jackson, and 
M. W. Jaffe. 1963. Studies of illness in the aged-the 
index of ADL: a standardized measure of biological and 

psychosocial function, Journal of the American Medical 
Association 185(12): 914-919. 

Kerber, R. A., E. O'Brien, K. R. Smith, and R. M. 
Cawthon. 2001. Familial excess longevity in Utah gene- 
alogies, Journal of Gerontology: Biological Science and 
Medical Science 56A(3): B130-B139. 

Kirkwood, T. B. L. and M. R. Rose. 1991. Evolution of 

senescence: late survival sacrificed for reproduction, 
Philosophical Transactions of the Royal Society of 
London B332: 15-24. 

Koenig, H. G., J. C. Hays, D. Larson, L. K. Geroge, et al. 
1999. Does religious attendance prolong survival? A six- 

year follow-up study of 3968 older adults, Journal of 
Gerontology: Medical Science 54A(7): M370-M376. 

Landerman, L. R. and G. G. Fillenbaum. 1997. Differential 

relationship of risk factors to alternative measures of 

disability, Journal of Aging and Health 9(2): 266-279. 

Landerman, L. R., K. L. Land, and C. E Pieper. 1997. An 

empirical evaluation of the predictive mean matching 
method for imputing missing values, Sociological 
Methods and Research 26(1): 3-33. 

Law, T. M., P. J. Hesketh, K. A. Porter, L. Lawn-Tsao, R. 

McAnaw, and M. J. Lopez. 1996. Breast cancer in elderly 
women: presentation, survival, and treatment options, 
Surgical Clinics of North America 76(2): 289-308. 

Lee, Y. 2000. The predictive value of self assessed general, 
physical, and mental health on functional decline and 

mortality in older adults, Journal of Epidemiology and 

Community Health 54(2): 123-129. 

L6gard, J. and L. Martel. 2000. Living arrangements of older 

persons, in Proceedings of the United Nations, Economic 
Commission for Europe, Population Activities Unit 

Conference on Status of the Older Population: Prelude to 
the 21st Century, Sion, Switzerland. Geneva: ECE. 

Mantel, N. and W. Haenszel. 1959. Statistical aspects of the 

analysis of data from retrospective studies of diseases, 
Journal of the National Cancer Institute 22: 719-748. 

Meurer, L. N., P. M. Layde, and C. E. Fuse. 2001. Self-rated 
health status: a new vital sign for primary care?, 
Wisconsin Medical Journal 100(7): 35-39. 

Osterweil, D., P Mulford, K. Syndulko, and M. Martin. 
1994. Cognitive function in old and very old residents of 
a residential facility: relationship to age, education, and 

dementia, Journal of the American Geriatrics Society 

42(7): 766-773. 

Paganini-Hill, A. 1996. Estrogen replacement therapy in the 

elderly, Zentralblatt ftir Gyndikologie 118(5): 255-261. 

Palmore, E. B. and B. M. Burchett. 1997. Predictors of 

disability in the final year of life, Journal of Aging and 
Health 9(3): 283-297. 

Penning, M. J. and L. A. Strain. 1994. Gender differences 
in disability, assistance and subjective well-being in later 

life, Journal of Gerontology: Social Sciences 49B: 
S202-S208. 

Perls, T. 1997. Centenarians prove the compression of 

morbidity hypothesis, but what about the rest of us who 

are genetically less fortunate?, Medical Hypotheses 
49(5): 405-407. 

Perls, T., M. Shea-Drinkwater, J. Bowen-Flynn, S. B. Ridge, 
S. Kang, E. Joyce, M. Daly, S. J. Brewster, L. Kunkel, and 

A. A. Puca. 2000. Exceptional familial clustering for 

extreme longevity in humans, Journal of American Geri- 

atrics Society 48: 1483-1485. 

Perls, T., L. Kunkel, and A. Puca. 2002. The genetics of 

exceptional human longevity, Journal of the American 
Geriatrics Society 50(2): 359-368. 

Perls, T. T., L. Alpert, and R. C. Fretts. 1997. Middle aged 
mothers live longer, Nature 389: 133. 

Perls, T. T. and R. C. Fretts. 2001. The evolution of meno- 

pause and human life span, Annals of Human Biology 

28(3): 237-245. 

Preston, S. H., M. E. Hill, and D. L. Drevenstedt. 1998. 

Childhood conditions that predict survival to advanced 

ages among African-Americans, Social Science and 
Medicine 47: 1231-1246. 

Puca, A. A., M. J. Daly, S. J. Brewster, T. C. Matise, J. 
Barrett, M. Shea-Drinkwater, S. Kang, E. Joyce, J. Nicoli, 
E. Benson, L. M. Kunkel, and T. Perls. 2001. A genome- 
wide scan for linkage to human exceptional longevity 
identifies a locus on chromosome 4, Proceedings of 
National Academy of Sciences of the United States of 
America 98(18): 10505-10508. 

Schill, W. B. 2001. Fertility and sexual life of men after their 

forties and in older age, Asian Journal ofAndrology 3: 
1-7. 



Association of late childbearing with healthy longevity 53 

Smith, J. B. and R. Kington. 1997. Demographic and 

economic correlates of health in old age, Demography 
34: 159-170. 

Smith, K. R., G. P. Mineau, and L. L. Bean. 2003. Fertility 
and post-reproductive longevity, Special Biodemography 
Issue of Social Biology. 

Snowdon, D. A., R. L. Kane, W. L. Beeson, G. L. Burke, J. 

M. Sprafka, J. Potter, H. Iso, D. R. Jacobs, and R. L. 

Phillips. 1989. Is early natural menopause a biological 
marker of health and aging?,American Journal of Public 

Health 79: 709-714. 

Snowdon, D. A. 1990. Early natural menopause and the 

duration of postmenopausal life: findings from a mathe- 

matical model of life expectancy, Journal of the American 

Geriatric Society 38(4): 402-408. 

Snowdon, D. A. 2001.Aging with Grace. New York: Bantam 

Books. 

Strawbridge, W. J., R. D. Cohen, S. J. Shema, and G. A. 

Kaplan. 1997. Frequent attendance at religious services 

and mortality over 28 years, American Journal of Public 

Health 87: 957-961. 

Vaupel, J. W. 1992. Analysis of population changes and 

differences. Paper presented at the annual meeting of the 

Population Association of America, April 1992. 

Voland, E. and C. Engel. 1986. Ist das postmenopausale 
sterbealter variable einer fitness-maximierenden 

reproduktionsstrategie?, Anthropologischer Anzeiger 

44(1): 10-34. 

Wang, Z. L., Zeng Yi, B. Jeune, and J. W. Vaupel. 1998. Age 
validation of Han Chinese centenarians, Genus 54(1/2): 
123-141. 

Yashin, A. I., G. D. Benedictis, J. W. Vaupel, Q. Tan, K. E 

Andreev, I. A. Iachine, M. Bonafe, M. D. Luca, S. 

Valensin, L. Carotenuto, and C. Franceschi. 1998. 

Combining genetic and demographic information in 

population studies of aging and longevity, Journal of 

Epidemiology and Biostatistics 3(3): 289-294. 

Yashin, A. I., G. D. Benedictis, J. W. Vaupel, Q. Tan, K. E 

Andreev, I. A. Iachine, M. Bonafe, M. D. Luca, S. 

Valensin, L. Carotenuto, and C. Franceschi. 1999. Gene, 

demography and life span: the contribution of demo- 

graphic data in genetic studies of aging and longevity, 
American Journal of Human Genetics 65: 1178-1193. 

Yashin, A. I., G. D. Benedictis, J. W. Vaupel, Q. Tan, K. E 
Andreev, I. A. Iachine, M. Bonafe, M. D. Luca, S. 

Valensin, L. Carotenuto, and C. Franceschi. 2000. Genes 

and longevity: lessons from centenarian studies, Journal 

of Gerontology: Biological Sciences 55A(6): B1-B10. 
Zeng, Yi and L. George. 2000. Family dynamics of 63 

million (in 1990) to more than 330 million (in 2050) 
elders in China, Demographic Research 2(5). 

Zeng, Yi, J. W. Vaupel, Z. Y. Xiao, C. Y. Zhang, and Y. Z. 

Liu. 2001. The healthy longevity survey and the active life 

expectancy of the oldest old in China, Population: An 

English Selection 13(1): 95-116. 

Zeng, Yi, J. W. Vaupel, Z. Y. Xiao, C. Y. Zhang, and Y. Z. 

Liu. 2002. Sociodemographic and health profiles of the 

oldest old in China, Population and Development Review 

28: 251-273. 

Zhi, Yi. 2001. Study on intergenerational interaction of 

1,303 elderly persons in urban areas of Zhejiang Prov- 

ince, Journal of Chinese Gerontology 3: 81-82 (in 

Chinese). 




