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ASSOCIATION OF LATE CHILDBEARING WITH HEALTHY LONGEVITY AMONG

THE OLDEST-OLD IN CHINA

Abstract

Statistical analysis of alarge and unique longitudinal data set demonstrates that late
childbearing after age 35 or 40 is significantly associated with survival and healthy survival among
very old Chinese women and men. The association is stronger in oldest-old women than men. The
estimates are adjusted for a variety of confounding factors of demographic characteristics, family
support, social connections, health practices, and health conditions. Further analysis based on an
extension of the Fixed Attribute Dynamics method shows that late childbearing 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 substantially
stronger in women than men. We discuss four possible factors which may explain why late
childbearing affects healthy longevity at advanced ages: (1) social factors; (2) biological changes
caused by late pregnancy and delivery; (3) genetic and other biological characteristics, and (4)

sdlection.

INTRODUCTION

This article focuses on the association between late childbearing and healthy longevity.
Doblhammer (2000) and Perls, Alpert and Fretts (1997) investigate the association between late
childbearing and longevity for women. Smith, Mineau and Bean (2003) explore the association for
men as well as women, as we do here. Unlike previous studies, we analyze healthy longevity and

longevity per se. Furthermore, we use an unprecedentedly large follow-up sample of nearly 9,000



elderly people, aged 80 to 105, including 2,400 centenarians. This sampleisfrom China, a
developing country where the chance of surviving from birth to advanced old age was very low
compared to the cohorts of Americans and Europeans studied by Doblhammer (2000), Perls et al.
(1997), and Smith et a. (2003).

Our research is part of abroader literature on how events early in life—in uterus, in
childhood, in adult ages before 50 or so, and genetically predetermined characteristics — affect health
and survival at older ages. Nearly all thisliterature focuses on ages younger than 80. Notable
exceptions are a study by Preston, Hill, and Drevenstedt (1998) of African American cohorts born at
the beginning of the 20™ century, a study by Snowdon (2001) of elderly nuns, and a study by
Doblhammer and Vaupel (2001) of how month of birth influences longevity. Our study is aso part
of the literature on the determinants of healthy longevity, especially about the determinants of
exceptional longevity or about the determinants of health among the ol dest-old aged 80 or above
(e.g. Perls et al., 2000; Christensen and Vaupel, 1996; Hitt, Young-Xu, and Perls, 1999; Pucaet al.
2001; Kerber et al. 2001; Barzilai, 1998).

We apply logistic and surviva-analysis models to health data and follow-up mortality data
collected from 1998 to 2000 for nearly 9,000 Chinese elderly aged 80 and above. In our analyses, we
adjust for avariety of confounding factors. We then use an extended Fixed-Attributes Dynamics
(FAD) method and the 1998 baseline survey data to investigate the association of late childbearing

with healthy longevity from age 80-85 to 90-95 and 100-105.

DATA RESOURCE AND MEASUREMENTS
Data used in this article are from the Chinese Longitudinal Survey on Healthy Longevity, which

isthe largest longitudinal study of very old people in a developing country; it is also the largest



longitudinal study of centenarians, nonagenarians, and octogenarians conducted anywhere. The
baseline survey and the first follow-up survey were conducted in 1998 and 2000. They were carried out
in 631 and 777 counties/citiesin 1998 and 2000, respectively, randomly selected about half of the
counties and cities in 22 Chinese provinces. The increase in numbers of survey units was partly due to
some townships which belonged to a county became a city in the later wave, and partly due to some
selected countieg/cities that had no centenarians in 1998 but had centenarians in 2000 (see discussion
below on centenarians). The 22 surveyed provinces are Liaoning, Jilin, Heilongjiang, Hebei, Beijing,
Tianjing, Shanxi, Shaanxi, Shanghai, Jiangsu, Zhegjiang, Anhui, Fujian, Jiangxi, Shangdong, Henan,
Hubei, Hunan, Guangdong, Guangxi, Sichuan, Chongging (there are 31 provincesin total in China).
These provinces have a population of 985 million, constituting 85 percent of the total population of
China. An interview and a basic health examination were conducted at the interviewee's home. The
data collected include family structure; living arrangement; number, age, and proximity of children;
Activities of Daily Living (ADL); self-rated health; self-evaluation of life satisfaction; cognitive
function; medical care; social and religious activities; diet; smoking and alcohol consumption;
psychological characteristics; economic resources; caregivers and family support; and other

information.

The survey team tried to interview all centenarians who voluntarily agreed to participate in the
study. For each centenarian, the survey team tried to interview one near-by octogenarian (aged 80-89)
and one near-by nonagenarian (aged 90-99) of a pre-designated single year of age and sex. The term
“near-by” isloosaly defined to include the same village or the same street or, if applicable, the same
town, county or city. The predefined age and sex that are used to ensure that approximately equal
numbers of male and female nonagenarians and octogenarians were randomly determined, based on the

code numbers of the centenarians. The aim was to have more or less randomly selected comparable



numbers of male and female octogenarians and nonagenarians at each age from 80 to 99 (see endnote 4
in Zeng, Vaupel et al. 2002 for details). The total valid sample size of the baseline data set used in this
articleis 8,805 elders aged 80 to 105, including 458 male and 1,806 female centenarians, 1,298 male

and 1,714 female nonagenarians, and 1,787 male and 1,741 femal e octogenarians.

Of the participants in the 1998 baseline survey, 4,691 (53.3%) were alive and re-interviewed in
the second wave in 2000; 3,264 (37.1%) were dead and their date and cause of death, and health status
before dying were collected through interviewing one of their close family members; and 850 (9.6%)
could not be followed up in the second wave. Survival time for decedents or censoring time for
survivors was calculated in days between the date of the baseline interview and the date of death or
second interview. The 844 individuals who could not be followed up (mainly due to change in

residence) were excluded from this study because we do not know whether they survived or died.

Coaeand Li (1991) concluded that the reported age of very old persons in these provinces of
Chinawhere Han Chinese constitute the majority were as reliable as reports in devel oped countries.
But in other regions (such as Xingjiang), where the mgjority or a significant proportion of the
population belongs to ethnic groups other than the Han, age reporting may be inaccurate. Thisisthe
main reason why we restrict our survey to the 22 provinces where Han Chinese are the
overwhelming majority. The other nine provinces (Xinjiang, Qinghai, Ningxia, Inner Mongolia,
Tibet, Gansu, Y unnan, Guizhou, and Hainan), all of which have a high proportion of inhabitants
belonging to ethnic minorities, are not included in this study. While we are sure that the quality of
age reporting is very poor in Xinjiang, it is not certain that the quality is poor or acceptable for al
other ethnic minority groups in the other eight provinces that were not included in the survey. We

did not include them because we are not sure about the quality of the age reporting of the ethnic



minority groups in these eight provinces, and we had no detailed age-ethnic-specific datato evaluate
them, and due to fund constraints.

A study focusing on the age validation of Chinese Han centenarians through comparison of
demographic indices with Sweden, Japan, France, and Italy is consistent with Coaleand Li’s
findings (Wang, Zeng, Vaupel, and Jeunel998). A fairly close similarity of age distribution of the
centenarians interviewed in our 1998 survey and that of Swedish centenarians was found (see Figure
1lin Zeng, Vaupd et al. 2001). These findings lead usto believe that age reporting in the Chinese
Healthy Longevity Survey is generally acceptable up to age 105. A careful evaluation (based on
reliability coefficients, factor analysis, the rates of logically inconsistent answers, etc.) showed that
the data quality of the Chinese survey on healthy longevity is generally good (Zeng, Vaupel et al.
2001; Zeng, Vaupel et a. 2002). The reliability coefficients of the 10 categories of variables are
reasonable (e.g., see Table 3in Zeng and Vaupel et al., 2001). For example, the ADL reliability
coefficient is 0.88 and 0.87 in the 1998 and 2000 surveys, respectively, as compared to 0.87 in the
Duke Older Americans Resources and Services Program survey (Fillenbaum, 1988) and 0.89 in the
Canadian 1991-1992 elderly survey (Penning and Laurel, 1994). The factor analysis demonstrates
that the interviewees answers to questions within the same category but concerning different
aspects are generally consistent. The rates of logically inconsistent answers and “missing” dataare
reasonably low (see Appendix B in Zeng and Vaupel et a., 2001).

The frequency distributions of the covariates used in this article, based on the 1998 baseline
survey, are listed in Table 1. These variables are chosen because of their potential association with
survival or health status. Following similar studies (e.g., Clark, Stump, & Hui 1998; Koenig et al.
1999; Landerman & Fillenbaum 1997; Palmore & Burhcett 1997; Smith & Kington 1997; Strawbridge

et al. 1997), all variables were dichotomized, except age, number of births after age 35 or 40, age at 1%



marriage, and number of surviving children.
--Table 1 is about here—

Late childbearing was measured by the number of births after age 35 and age 40.

Demographic variables include age (80-89, 90-99, 100-105), gender (male, female), ethnicity (Han,
minorities), education (0 years of schooling, =1 year schooling), age at 1¥ marriage, and residence
(rural, urban).

Physical and mental health variablesinclude ADL, cognitive function measured by MM SE, self-
rated health, and depression symptoms.

Family support includes marital status, number of surviving children at the time of the 1998 survey,
proximity with children, and religious attendance.

The social connection/support index was based on questions about playing cards or mah-jong
regularly, watching TV or listening to the radio regularly, retirement wages, adequate medical service,
and caregivers.

Health Practice includes cigarette smoking, alcohol consumption, diet, and exercise.

More detailed descriptions of the covariates listed above and included in our models are presented
in the Appendix. Since the percentages of missing values (excluding “not able to answer™) of all
variables at baseline used in our models are less than 2% except age at 1% marriage (5%), we imputed
missing values with the mean of the variable (Landerman, Land, and Pieper, 1997) except age at 1%

marriage with multiple imputation (Allison, 2002).

METHODS
Statistical modeling

We performed three kinds of statistical analysis. First, we used logistic regression to analyze how



late childbearing is associated with health status. In such models, the dependent variables are ADL
scores, MM SE (Mini Mental Status Exam) scores, self-rated health, and depression symptoms. The
independent variables are late childbearing after age 35 or 40, plus other covariates measuring
demographic characteristics, family support, social connections, and health practice (to be described
later).

Second, we used a Cox proportional hazards regression model (Cox, 1972) to examine the
association between late childbearing and survival, controlling for confounding factors. The
proportionality hypothesis was tested graphically and with the normal score test (Grambsch and
Therneau 1994), and confirmed. Survival time from the interview in 1998 to death or re-interview in
2000 was measured in days.

Third, we used ordinal logistic regression (Harrell, 2001: 331; Meurer et al. 2001) to investigate the
association of |ate childbearing with healthy survival, adjusting for confounding factors (the
proportional odds assumption required for ordinal logistic regression was tested and met for both males
and females). The dependent variable was defined as follows. The individuals who survived with good
health in the second wave (2000) were coded as 1; those who survived with poor health were coded as
2; those who died between the two waves (1998-2000) were coded as 3. “Good health” is defined as no
impairment in ADL, normal cognitive function, self-reported good health and no depression symptoms
(measurement issues will be discussed later). Personswho are not in “good health” are considered to
bein “poor health”.

We employed a sequential modeling strategy (e.g., Koenig et a. 1999; Strawbridge et al. 1997)
in our Cox survival analysis and ordinal logistic regression analysis. In our sequential models, Model |
adjusts for demographic variables of gender, age, rural/urban residence, education, and ethnicity.

Mode Il further adjusts for family support and social connection variables pertaining to the number of



surviving children, marital status, living arrangement, proximity with children, religious attendance,
socia contacts, retirement wage, adequate medical care, and caregiver, in addition to the demographic
variables. Model 111 adds health practice variables pertaining to smoking, acohol drinking, diet, and
exercise. Model 1V further controls for health status as measured by ADL limitations, MM SE score,
self-reported health, and depression symptoms. All of the values of the covariates of Models|, 11, 111,
and IV in the analyses presented in Tables 3 and 4 are obtained from the 1998 baseline survey. The
sequential models allow us to examine how the estimated association of late childbearing with survival
and healthy survival is affected when confounding factors are added to the model step by step. The
likelihood ratio tests show that the goodness of fit of our models is improved significantly as additional

factors are added (see Table 3).

Fixed-Attribute Dynamics (FAD) M ethod

The models and data described above can be used to explore the effects of late childbearing on
survival and healthy survival from age x to x+2. Because the longitudinal data are only available for
two years, these analyses cannot be used to investigate the association of late childbearing with
healthy survival over long intervals. Hence, we apply a FAD (Fixed Attribute Dynamics) method to
be extended in this article to study the association of late childbearing with healthy longevity from
ages 80-85 to 90-95 and 100-105.

The idea of the FAD method, also known as the Survival Attribute Assay, was initially proposed
by James Vaupel (Vaupel 1992, formulas 9.12 and 9.17) and developed by him and Anatoli Yashin
inaseriesof articles (Yashin et a. 1998; 1999; 2000; Gerdes et al. 2000). The method is based on
the fundamental demographic insight that the prevalence of afixed attribute in a population can

change with age even though no individual can change his or her variant, and that much, thereby,



can be learned about the impact of the attribute on survival. Fixed attributes that affect survival at
older ages include genetic factors and various non-genetic factors that are fixed in earlier life. Such
factors could be fixed at birth (e.g., genetic make-up, birth weight, and birth order). Any factor that
isfixed by old age (e.g., diseases suffered earlier in life, education, occupation, and pattern of
childbearing), however, could also be used in astudy of survival at older ages.

The basic FAD method for usein a study of longevity can be formulated as follows. Let N(X)
denote the number of persons aged x; pi(X), the proportion of individuals who are x years old and
have the fixed attribute; s,(x+ n), the conditional survival probability from age x to x+n for those
who have the fixed attribute; so(x+n), the conditional survival probability from age x to x+n for
those who do not have the fixed attribute; and S(x+n), the conditional survival probability from age
x to x+n for all members of the cohort.

On the one hand, because N(x) p1(X) s,(x+n) = N(X) S(x+n) pi(x+n), it follows that

5.(x+1) = S(x+1) plélx(;)”)ﬁ (1)

On the other hand, it similarly follows that

S, (X+n) = S(x+n) —1131éx(;)n) E 2

Dividing (1) by (2) givesthe Ratio of Survivorship (RS) of those with the fixed attribute to those

without the attribute:

r2 SOCFN) _ (A= p ()R (x+n) -
) p0YL py(x+ 1)

If the Ratio of Survivorship RSis greater than one, the attribute is positively associated with

longevity. Statistical tests can be performed based on the method developed by Mantel and Haenszel
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(1959) to test whether there is a statistically significant difference of survivorship between those
with the fixed attribute and those without the fixed attribute (i.e., to test the null hypothesis that the
ratio of survivorship equals one).

The research by Vaupel, Y ashin, and colleagues using the FAD method is based on the use of
formulas (1) and (2) to derive estimates of the relative risk of mortality for people with some
attribute versus people without the attribute (Y ashin et al. 1998; 1999; 2000; Gerdes et a. 2000). In
this article, however, we will emphasize the use of formula (3). Formula (3) does not require
estimates of cohort survivorship (S(x)), which are not available for this study and may not be
available for many other studies, especially for developing countries.

We extend the FAD method expressed in formula (3) to study the association between a fixed
attribute and the combined status of survival and good health. Good health is defined by some
measure, such as“ADL independence’, the ability to independently perform basic activities of daily
living. Let 11(x+n) denote the probability that individuals who are x years old and who have some
fixed attribute will survive to age x+n and be in good health at age x+n. Note that these individuals
do not have to be in good health at age x. Similarly, define lo(x+n) as the probability that individuals
who are x years old and who do not have the fixed attribute will survive to age x+n and be in good
health at age x+n. Let h(x+n) be the proportion of persons who arein good health at age x+n.
Finally, let 77(x+n) be the proportion of persons having the fixed attribute among those who are
healthy at age x+n.

On the one hand, because N(X) p1(X) l1(x+n) = N(X) S(x+n) h(x+n) 71(x+n), it follows that

S(x+ n)h(x+ n)nz(x +n)
P (X)

(x+ 1) =

(4)

where §x) and p1(X) are defined as before. On the other hand, it is aso the case that

11



S(x+ n)h(x+n)(X—72(x + n))
1= p.(x)

(5)

l,(x+n)=

Theratio of the healthy survival probability for those with the fixed attribute to the healthy survival
probability for cohort members without the fixed attribute, which we call the Ratio of Healthy
Survivorship (RHS), is estimated by dividing formula (4) by formula (5):

s < LOF) _ @=p,OyCx ) ©
o0+ )  P(Y=7I(x+ 1)

If the Ratio of Healthy Survivorship RHSis greater than one, the fixed attribute is positively
associated with healthy longevity.

Formula (6) is an extension of formula (3). Note that formula (3) can be expressed in terms of
the number of people with and without some attribute at two ages:

s = NoGINy(x-+ 1)
N, )N, (x+1)

Thisisaformulaused by Hill (1999). So the method expressed in formula (6) can be considered to
be an extension both of the FAD method and of Hill’ s approach.

One of the main strengths of the FAD method isthat it can be used to analyze the association
between fixed attributes and longevity or healthy longevity based on two or more independent cross-
sectional samples, rather than on alongitudinal survey. The ratios of survivorship and healthy
survivorship using the FAD method can also be estimated on the basis of one cross-sectional data
set. This can be doneif it is reasonable to assume that the initial distribution of the fixed attribute
and its effects on survival do not differ substantially between older and younger cohorts. In this case,
the older and younger cohorts are connected in one hypothetical cohort. Aswill be discussed later,
we assume that the initial distributions of late childbearing—and the effect of thisfixed attribute on

healthy survival—did not differ significantly among the cohorts aged 80-105 in 1998.
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The FAD method assumes that the number of migrantsis small or, aternatively, migrants do
not differ significantly from non-migrants with respect to the fixed attribute and survival. The
magnitude of international and internal migration before the 1980s in China was small due to slow
economic development and policies restricting residential movement. Mobility greatly increased
after 1980, but not among the oldest-old.

A magjor limitation of the standard approaches to survival analysisis the need for prospective
tracking of study participants to ascertain the occurrence of exit events. If the transition of interest
reguires many years to occur, the required follow-up period often becomes prohibitively expensive
and time-consuming (Hill 1999: 497-498). The main strength of the FAD method isthat it
circumvents this major limitation. In the present study, one of the objectivesisto investigate the
association of late childbearing with healthy longevity from age 80-85 to 90-95 and 100-105. To do
so, and using the standard approach of survival analysis, we would need 10-20 years of follow-up
data, which is not available. Furthermore, almost all of the oldest-old aged 80-105 would die within
the 10-20 year follow-up period even if such a study were practicable. Thisisthe main reason why
we use the FAD method based on the cross-sectional baseline survey data, in addition to the survival
analysis using the baseline and the two-year follow-up data.

The strength of the FAD method, however, isbought at a price. The FAD method has a major
limitation. In addition to its crucial assumptions, as discussed earlier, the FAD method, as currently
developed, permits a univariate analysis to ascertain the “ de facto” association between the fixed
attribute and survival, while controlling for age and sex. An analysis based on the FAD method does
not ascertain whether the association of the fixed attribute with healthy survival is dueto the
attribute itself or is caused or mediated by other factors. Thisiswhy we also use logistic analysis

and hazards models to investigate the associations of |ate childbearing with health status at the
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baseline and with survival and healthy survival during the 1998-2000 follow-up period.

FINDINGS
Results based on the Statistical M odels and the 1998-2000 Survey Data

The association of late childbearing with health status in the1998 baseline survey

Table 2 shows the estimates of the odds ratios (OR) of being ADL disabled, MM SE abnormal,
having self-reported poor health, and having depression symptoms (we are satisfied with the
goodness of fit of the logistic regression models presented in Table 2, based on the Chi-square tests
suggested by Hosmer-Lemeshow, 1989). These estimates enable comparison of health status in the
1998 baseline survey between the oldest-old who had 1, 2, or 3+ births after age 35 or 40 with those
who did not have late births. The estimates of the odds ratios are adjusted for 16 confounding factors
of demographic characteristics, family support, social connections, and health practice, aslisted in
Table 1. 43 out of 48 estimates of the odds ratios of being in poor health presented in Table 2 are
less than one; 5 odds ratios are greater than one but not statistically significant; among the odds
ratios that are less than one, 10 are statistically significant at different levels. For instance, the odds
ratio of being ADL disabled for very old women who gave 3+ births after age 35 or 40is0.77 or 0.48;
the estimate is statistically significant at alevel of p<0.05 or p<0.001. This means that, controlling for
the other 16 confounding factors of demographic characteristics, family support, socia connections,
and health practice, the likelihood of being ADL disabled for the women who gave 3+ births after age
35 or age 40 is 23 or 52 percent lower than that of those who did not have such late births. While
controlling for the confounding factors, the oldest-old women and men who had 1, 2, or 3+ births
after age 35 or 40 tend somewhat less likely to be ADL disabled, MM SE abnormal, have self-

reported poor health and having depression symptoms. The general pattern is clear: late childbearing
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may be associated with better health at advanced ages; and in most cases, the larger the number of
births after age 35 or 40, the stronger the association. Most of the estimates are not statistically
significant, however. Thus, we must be cautious in making conclusions about the degree of the
association of late childbearing with health status among the ol dest-old.

---Table 2 is about here--

The association of |late childbearing with survival

The second and third columns in Table 3 present the Relative Mortality Risk (RMR) between
1998 and 2000 for the oldest-old who had 1, 2, or 3+ births after age 35 or 40 versus those who did
not have late births. In all Models (1, I, I1l, and IV), the mortality risk of very old females who had 1
birth after age 35 or age 40 did not differ significantly from those who did not have late births.
Adjusted for age, residence, education, age at 1% marriage, and ethnicity (Model 1), the mortality risk
of women who had 3+ births after age 35 or had 2 or 3+ births after age 40 was reduced by 28, 21,
or 43 percent, respectively, as compared with those who did not have late births. These estimates are
statistically significant. After the covariates of family support, social connection, and health practice
were added to the model (11 and 111), the impact of late childbearing on reducing the relative
mortality risk of women remains almost the same as that estimated in Model I, which adjusted for
demographic variables only.

---Table 3 isabout here---

Model 1V, which further adjusts health status, shows that the mortality risk of oldest-old
women who had 3+ births after age 35 or had 2 or 3+ births after age 40 remains significantly lower
than that of those who had no late births. More specifically, controlling for 20 covariates including
ADL, MM SE, self-reported health, depression symptoms, health practice, family support, social

connections, and demographic characteristics, the mortality risk of very old femaleswho had 2 or 3+
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births after age 40 is 19 and 38 percent lower than that of those who had no late births. The
mortality risk of women who had 3+ births after age 35 is 23 percent lower than that of those who
had no late births.

It is remarkable that we found that late childbearing is associated with lower mortality risk
among very old males, as well. Controlling for the demographic characteristics of age, residence,
education, age at 1% marriage, and ethnicity, having 2 or 3+ births after age 40 reduces the 2-year-
period mortality risk of the oldest-old men by 20 or 33 percent. After the covariates of family support
(including the number of surviving children), social connections, and health practice are added to the
model, having 2 or 3+ births after age 40 still reduces the 2-year-period mortality risk of the oldest-old
men by 20-26 percent. Even after ADL, MMSE, self-reported health, and depression symptoms are
added to Model 1V, in addition to demographic characteristics, family support, social connections, and
health practice as controlling variables, very old males who had 2 or 3+ births after age 40 till had
about a 16-22 percent lower risk of death. These estimates are all statistically significant (see Table 3).

The estimates show that the addition of the covariates of family support (including the number of
surviving children) and social connections as controlling variablesto Model 11 slightly weakens the
association between late childbearing and survival among the oldest-old men, as compared to Model |.
Additions of the covariates of health practice and health conditions to the models for males further
weaken the association. The survival analysis also demonstrates that in all cases of Models|, I1, 111, and
IV, the larger the number of births after age 35 or 40, the stronger the association between late
childbearing and survival among both male and femal e oldest-old (see Table 3).

The association of late childbearing with healthy survival

The last two columns of Table 3 present the ordinal logistic regression estimates of the association

of late childbearing with healthy survival, sequentially adjusted for the 20 covariates of demographic
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characteristics, family support, social connections, health practice, and health conditions observed in
the 1998 baseline survey. As described earlier, healthy survival is defined as survival plus good health
in the second wave of the survey in 2000. “Good health” is measured by “no impairment” in al of the
four main aspects of health, namely, being active in daily living, normal cognitive function, self-
reported good health and no depression symptoms.

The ordinal logistic regression analysis shows that the odds ratios of death or unhealthy survival
among oldest-old women who gave 2 or 3+ births after age 35 or 40 were 15-4 4 percent lower in
Modelsl, Il, 1ll, and 1V, as compared with the women who did not have such late births. These
estimates for females are all statistically significant, with one exception. Therisk of death or unhealthy
survival among very old males was found to be statistically significant among those who had 3+ births
after age 35 or had 2 or 3+ births after age 40 in Model | as compared with those who did not have late
childbearing. The estimates also show that the association of having 2 or 3+ births after age 35 or 40
and healthy survival is much stronger among the oldest-old women than the oldest-old men.

Comparing the estimates between Model 11 and Model | shows that the addition of the covariates
of family support (including the number of surviving children) and social connections as controlling
variables to the model moderately weakens the association between late childbearing and healthy
survival. The addition of the covariates of health conditions into the models furthe weakens the

association. These observations 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,
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it may be reasonable to investigate the association between | ate childbearing and healthy longevity
using the FAD method based solely on the 1998 survey data. 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 percent, respectively, as compared to those women
who did not have such late childbearing. The increase of the likelihood of survival from age 90-95
to 100-105 due to having 1+, 2+, 3+ births after age 35 is 32-53 percent. These estimates are highly
significant. 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 percent and from 41 to 120 percent, respectively (see Table 4a).

The estimates also indicate that later childbearing is positively associated with the healthy
longevity of women. The estimates of the ratio of healthy survivorship 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 significant. The chance of surviving
with ADL independence for women who gave 1+, 2+, 3+ hirths after age 40 increased by 133-542
percent from age 80-85 to 100-105, and increased by 62-235 percent from age 90-95 to 100-105, as
compared to women who did not have late childbearing.

All of the estimates of the ratio of survivorship and ratio of healthy survivorship among the
oldest-old men who had birth(s) after age 40 are greater than one; most estimates are statistically
significant. The likelihood of surviving with ADL independence from age 80-85 to 100-105 for men
who produced 1+, 2+ and 3+ children after age 40 was 58-143 percent higher, as compared to men
who did not have late childbearing. The increases in the likelihood of healthy survival from age 90-

95 to 100-105 for the men who produced 1+, 2+, and 3+ children after age 40 were 11-43 percent.
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Thelikelihood 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 percent higher than those who did not have late childbearing.

----Tables 4a and 4b are about here----

DISCUSSION

A study using logistic regression, controlling for afew major socioeconomic factors and based on
two large data sets from Great Britain and Austria, finds a positive relationship between giving birth
after age 40 and longevity (Doblhammer, 2000). These results are consistent with two previous studies
(Perlset a. 1997; Voland and Engel 1986). Perls et al. (1997) found that 19 percent of the 92
centenarians studied bore children after age 40, as compared with 6 percent of a control group of a
similar cohort consisting of 49 women born in 1896, who died at age 73. One possible explanation is
that factors which were conductive to bearing child at later age might be also conductive in 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 those 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 relationship 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
(Paganini-Hill, 1996; Law et al. 1996) have, however, also been found. The delay of menopause itself
is perhaps unlikely to be the cause of increased longevity (Perls et a. 1997; Perls and Fretts, 2001).

In addition to the effects of an extended period of endogenous oestrogen production, later

pregnancy, birth delivery, and breastfeeding may also stimulate women'’s biological systems and

positively affect survival and health. Furthermore, some social factors might also contribute to the
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positive relationship between later childbearing and longevity. The contribution of socia factors
can be investigated through analyzing male fertility and longevity data. Doblhammer (2000) could
not address this issue due to alack of information on male fertility in her data sets. None of the
previous studies investigated the association between late childbearing and longevity among men
(Doblhammer 2000), except one recent study. Based on the Utah geneal ogical 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 Chinese 1998 baseline and 2000 follow-up surveys on the determinants of healthy
longevity collected data on fertility, health status, and mortality/survival from oldest-old men as well
aswomen. This enables us to explore possible social factors, such as whether those very old people
who had births at |ate ages may have advantages in healthy longevity partly because they had
younger children to take better care of them. Statistical analysis based on the 1998-2000 follow-up
data demonstrates that giving 3+ births after age 35 or giving 2 or 3+ births after age 40 is
significantly associated with survival and healthy survival during the two-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 avariety of confounding factors of demographic characteristics, family support,
socia connections, health practice, and health conditions.

The FAD analysis based on the 1998 baseline survey shows that late childbearing, especially

giving 3+ births after age 35 or giving 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 substantially stronger in women than in
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men.

An extended period of endogenous oestrogen production, later pregnancy, birth delivery, and
breastfeeding may stimulate biological systems and positively affect survival and health. This
hypothesis may be true for women. The positive effect of later childbearing on survival and healthy
survival for oldest-old men, however, cannot be explained by biological mechanisms related to late
pregnancy and delivery. The effect thus indicates that various social factors may also be important. For
instance, 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
atmosphere at middle age and elderly life might be more enjoyable if it includes babies and younger
children. People with late childbearing might tend to take better care of their health because they have
the responsibility of raising children and they may want to survive to see their children get married and
produce grandchildren; such effects may continue from middle ages to advanced ages.

Based on the ordinal logistic regression analysis, we found that the oldest-old who had 2+
surviving children born after age 35 or 40, with at least one such late-born daughter living nearby had
statistically significant advantages in healthy survival, as compared to those who also had 2+ surviving
children born after age 35 or 40, but without a nearby late-born daughter. Thisindicates that young
daughters may provide better care to their very old parents than do sons. Thisis consistent with the
literature on the gender dimension of family care and intergenerational relations (Gerstel and Gallagher
1993; Grundy 2002; Grundy, Murphy and Shelton 1999; Légaré and Martel 2000, Zhi Y ulin 2001;
Zeng and George 2000).

Enlightened from the discussions in the literature (e.g. Hutchinson and Rose, 1991; Kirkwood and
Rose 1991, Perls, 1997; Perls and Fretts, 2001; Perls, Kunkel, and Puca, 2002), our another hypothesis

is that women who had 3+ births after age 35 or 2 or 3+ births after age 40 and who survived healthy
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up to the oldest-old ages 80-105 may have specific longevity gene(s) or other unobserved biological
characteristics. Such genetic and/or biological characteristics 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 gave 3+ births after age 35 or had 2 or 3+ births after age 40. Thisis
because the decline of fecundity with the increase in age among men is much slower than it is among
women, and most men are able to provide fertile sperm after age 40, 45, or even 50, and thus produce
late-born births if their wife or female partner is able to conceive (Check, 1989; Schill, 2001). In our
sample, 16, 8, and 7 percent of the oldest-old men gave 1, 2, or 3+ births respectively after age 45; 9, 3,
and 2 percent of the oldest-old men gave 1, 2, and 3+ births respectively after age 50. The statistical
analysis based on the 1998-2000 follow-up data shows that among oldest-old men, the association of
late childbearing after age 45 or 50 with healthy longevity is similar to that of giving birth after age 40.

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

It seems clear that |ate childbearing is significantly associated with health longevity at ages 80-
105. The magnitude of the effects of |ate childbearing on maternal mortality and healthy survival at
middle age and the early stages of elderly lifein Chinais, 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 might have died due to difficultiesin birth delivery
or the extra burden and hardship of raising more children. The husbands of these unfortunate and
perhaps genetically or biologically weak women might have died, too, because of sadness about the

wife's death and the hard lifein raising small children as awidowed father with poor resources. As
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Chen and Jones (1989: 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 sicknesses and accidents at middle age might include late-childbearing-induced
delivery difficulties and maternal mortality and its associated psychological and physical losses.

In general, the oldest-old observed in the1998-2000 follow-up surveys are a selected group who
survived the possible hardships of their middle-ages and are generally robust in health, and some of
them may be genetically strong. Perhaps robust women who gave birth after age 35 or 40 were ableto
overcome the late-childbearing-induced difficulties 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
die due to problems during and after the deliveries. The selected more robust oldest-old women with
late childbearing experience thus 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 (Zeng, Vaupel et a. 2001). Nevertheless, it is not
appropriate to draw conclusions about the association of later childbearing with healthy survival at
middle-ages and the early stage of elderly life among the Chinese based on this study, although
European studies have indicated that such an association 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
pregnancy and delivery; (3) genetic and/or other biological characteristics associated with healthy
longevity and higher fecundity; and (4) selection. The biological hypothesis, (2), is probably applicable
to women only. The genetic and/or biological characteristics hypothesis, (3), may be more applicable to

women and less relevant for men, but it is not clear how much of an effect genes may have and how
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large the gender differentials are. The social and selection hypotheses may be applicable to both
women and men. Although relatively weaker as compared to the ol dest-old women, the remarkable
positive association of late childbearing with healthy longevity among the oldest-old men hasled us to

conjecture that social factors and selection are important in addition to biological and genetic factors.

APPENDI X:

Physical and mental health variables

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

The mental state of the Chinese oldest-old was screened by the Chinese version of the Mini-Mental
State Examination, which was culturally adapted and translated into the Chinese language, based on the
international standard MM SE questionnaire (Folstein et al.1975), and carefully tested by our pilot
survey interviews. The Chinese version of the MM SE is appropriate to the cultural and socioeconomic
conditions among oldest-old persons in Chinato make the questions easily understandable and
practically answerable if the subject’ s cognitive function is normal (see Zeng, Vaupel et al. 2002, for
details). A perfect score on the MM SE is 30; the methods for determining the score based on items
pertaining to orientation, registration, attention, calculation, recall, and language are the same as the
international standard. We also use the same cutoffs as the MM SE international standard to define a

score of 24+ as“Normal cognitive function”, and <24 as“Impaired cognitive function” (see, e.g., Deb
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and Braganza 1999; Osterweil et al. 1994).

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

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

Family support and social connections

Marital status. Subjects who were widowed, divorced, separated or never married in 1998 were
compared to those who were married.

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

Proximity with children. Subjects who live with children or have at |east one child close-by (in the
same village or on the same street) were compared with those who neither had children living with
them nor had children living close-by.

Religious activities (more a social activity and not one looking at religiosity, such as personal
prayer) was dichotomized into “do not participate” (83.6%) and “participate almost everyday or

sometimes” (16.4%).

The social connection/support index was based on the following gquestions addressed to each

interviewee. (1) Do you play cards or mah-jong regularly at the present time? (2) Do you watch TV or
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listen to the radio regularly at the present time? (3) Are retirement 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 answer to questions (1) to (4) is“yes’ or “no”.
If the answer is“yes’, ascore of 1 isgiven; otherwise, ascore of “0”. The options for the answer to
guestion (5) are (a) children and/or spouse; (b) other family members; (c) live-in caregiver; (d) friends;
(e) socid service; (f) nobody. Those who provided answers (a)-(c) were given ascore of “1”; the answers
(d) and (e) were given ascore of “0.5”; and the answer (f) was given ascore 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 socia connection/support categories.

Health practice

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

Alcohol consumption. Alcohol use was determined by 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
approximately equal to 50 grams and is awidely used unit in measuring alcohol consumption in
people’ s daily 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 code subjects into “strong
alcohol drinker” if they drink more than two liang (100 grams) of liquor per day or more than six liang
(300 grams) of wine per day or eight liang (400 grams) of rice wine per day; otherwise, the subject is
coded as “not a strong alcohol drinker.”

Diet. If asubject eats both meat and fresh vegetables often, he or sheis considered as having a

“healthy diet”; otherwise, he or she is considered as having an unhealthy diet.
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Exercise. If asubject currently does exercise regularly, he or sheis coded as ‘yes'; otherwise,
‘no’.

Some self-assessed variables such as adequate medical service, diet, doing excises regularly, and
depression symptoms are rather subjective, and we cannot collect objective data on these variablesin
our survey. The subjective answers are of limitations, but they may be useful proxy when the objective
data are impossible to obtain. For example, many previous studies have demonstrated that self-assessed
health acts as a significant and independent predictor of functioning and mortality of older people (e.g.

Lee, 2000).
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2 Given the rapid economic development of China, some of the elders and their family who were
interviewed in 1998 might have migrated to another area or moved to a new apartment or house in the
same area, but sometimes no information on their new addresses was available. Thus, these people
could not be followed up.

3 The other nine provinces (Xinjiang, Qinghai, Ningxia, Inner Mongolia, Tibet, Gansu, Y unnan,
Guizhou, and Hainan), all of which have a high proportion of inhabitants belonging to ethnic
minorities, are not included in this study. While we are sure that the quality of age reporting is very
poor in Xinjiang, it is not certain that the quality is poor or acceptable for all other ethnic minority
groups in the other eight provinces that were not included in the survey. We did not include them
because we are not sure about the quality of the age reporting of the ethnic minority groupsin these
eight provinces, and we had no detailed age-ethnic-specific data to evaluate them, and due to fund
constraints.

* The validity of the proportional hazards assumption was examined and confirmed both graphically
and with the normal score test of the proportionality (Grambsch and Therneau 1994) for the female
survival analysis. For the male survival analysis, the proportional hazards assumption is confirmed
graphically (Kalbfleisch & Prentice1980; Hess 1995) and by the normal score test in most cases, with
the exception that the category of males having 2 births after age 35 violated the proportionality
assumption. We then tried other hazards models, such as Weibull, exponential, Gompertz, and log-
logistic. Weibull and Gompertz hazards models produced almost the same results, as did the Cox
proportiona hazards model, and did a better job than the exponential and log-logistic model. We,
therefore, decided to apply the Cox proportional hazards model to both the female and male survival
analyses.

> The proportional odds assumption required for ordinal logistic regression was tested and met for both
males and females.

® Based on the Chi-square tests suggested by Hosmer-Lemeshow (1989), we are satisfied with the
goodness of fit of the logistic regression models presented in Table 2.

" We also separately estimated the association of late childbearing with healthy survival in the four
main aspects of health status. The estimates of these four additional ordinal logistic regression models
are generally consistent with the estimates presented in the last two columns of Table 3, and are
available upon request.

® However, an analysis of the Cox proportional hazard model shows that there is no statistically
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significant difference in mortality between the oldest-old who had 2+ surviving children born after age
35 or 40 with at least one such late-born daughter living nearby and those who also had 2+ surviving
children born after age 35 or 40 but without a nearby late-born daughter. The numerical estimates of
the hazard model and ordinal logistic regression analysis are not presented in this article due to space
limitations, but are available upon request.

® The detailed numerical results are not presented here due to space limitations, but are available upon
request.

19 Concubine marriage was forbidden after 1950 by the new marriage law in China, but was rather
common among rich men before 1950.

1 Based on the international standard of Katz’ ADL index (e.g., Katz et al. 1963) adapted to the
Chinese cultural/socia context and carefully tested by pilot studies/interviews, six questions about
ADL functional statuses (can do it, can do it but need assistance, or cannot do it) were addressed to the
oldest-old or a close family member if the elder was not able to answer. “Eating” refersto feeding
oneself; “dressing” refers to getting clothes as well as dressing, including tying shoes; “transferring”
refers to getting in and out of bed aswell asin and out of achair; “using the toilet” refersto going to
the toilet and cleaning afterwards; “bathing” refers to sponge bathing, showering, tub bathing, or
washing the body with awet towel; “continence” refersto controlling urination and bowel movement.

12 Those ol dest-old who were not able to answer the question on self-rated health due to health
problems are included in the fair/poor category.

13 According to these arbitrary criteria, the strong alcohol drinkers compose 7.3% of the entire sample,
which is similar to the percent distribution of the category of =20 drinking occasions (6.1%) adopted in
Koenig et al. (1999: M372). We also tried other criteriafor defining the strong alcohol drinkers, and
the results are more or less the same.
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Table 1. Freguency distributions of variables of the interviewees aged 80+ at the 1998 baseline survey included in the

multivariate logistic, Cox hazards, and ordinal logistic regression models

Variables Number Variables Number %
F M F M F M F M
ate childbearing variables Family support and social
connection (continued)
ave birth after age 35 Proximity to children
0 2434 1033 46.3 29.2 Low 1310 813 249 229
1 1256 688 239 194 High 3952 2730 751 771
2 849 651 16.1 18.4 Socia connection index
3+ 723 1171 13.7 331 Low 4031 1844 76.6 520
ave hirth after age 40 High 1231 1699 234 480
0 Number of surviving
3687 1634 70.1 46.1 children
1 988 792 18.8 224 0 783 428 149 121
2 398 527 7.6 14.9 1-2 1845 908 351 256
3+ 189 590 3.6 16.7 3-4 1667 1148 317 324
emographic variables 5+ 967 1059 184 299
Age Religious activities
80-89 1741 1787 331 50.4 No 4220 3144 80.2 887
90-99 1715 1298 32.6 36.6 Yes 1042 399 198 113
100-105 1806 458 34.3 13.0 Health practice
Residence Currently Smoking
Urban 1912 1418 36.3 40.0 No 4876 2435 92.7 687
Rural 3350 2125 63.7 60.0 Yes 386 1108 73 313
Education Strong alcohol drinker
0 year schooling 4562 1310 86.7 37.0 No 5087 3060 9.7 86.4
>1 year schooling 700 2233 133 63.0 Yes 175 483 33 136
Ethnicity Heslthy diet
Han 4878 3307 92.7 933 No 4121 2564 783 724
Minority 384 236 7.3 6.7 Yes 1141 979 217 276
Age at first marriage Currently exercising
<18 2772 891 52.7 251 No 4245 2176 80.7 614
19-20 1351 691 257 195 Yes 1017 1367 193 386
21-24 866 884 16.5 249 Physical and mental health
>25 273 1077 5.2 304 ADLsimpaired
No 2982 2581 56.7 728
Yes 2280 962 433 272
Cognitive function impaired
No 2295 2497 436 705
amily support and social Yes
nnection 2967 1046 56.4 295
Married Self-reported hedth
No 5000 2373 95.0 67.0 Good/very god 2615 2082 49.7 588
Yes 262 1170 5.0 33.0 Fair /poor 2647 1461 50.3 412
Living alone Depression symptoms
No 4702 3216 89.4 90.8 No 4437 3279 843 925
Yes 560 327 10.6 9.2 Yes 825 264 157 75

Notes: F: Females;, M: Madles.

Data Source: Chinese Longitudinal Healthy Longevity Survey — 1998 baseline.
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Table 2. Odds ratios reflecting effects of late childbearing on health status based on multivariate
logistic regression at baseline survey, adjusted for covariates of demographic characteristics, family

support, social connections, and health practice

Gavebirth after age 35
Female (0 birth after age 35)
1 birth after age 35
2 births after age 35
3+ hirths after age 35

Hosmer-Lemeshow Chi-sgaure,
df, and significant level of the
model (Goodness-of-fit test)

Male (O birth after age 35)
1 birth after age 35
2 births after age 35
3+ births after age 35

Hosmer-L emeshow Chi-sgaure,
df, and significant level of the
model (Goodness-of-fit test)

Gave birth after age 40
Female (0 birth after age 40)
1 birth after age 40
2 births after age 40
3+ births after age 40

Hosmer-Lemeshow Chi-square,
df, and significant level of the
model (Goodness-of-fit test)

Male (O birth after age 40)
1 birth after age 40
2 births after age 40
3+ hirths after age 40

Hosmer-Lemeshow , and
significant level of the model
(Goodness-of-fit test)

ADL disabled MM SE impaired Self-reported bad Depression
health symptoms
0.890 0.949 0.923 0.854
0.939 0.835" 0.906 0.827
0.765* 0.772* 1.031 0.626**
10.5 (df=8) 9.4 (df=8) 10.1 (df=8) 12.8 (df=8)
(p=0.235) (p=0.307) (p=0.256) (p=0.118)
0.954 1.111 1.002 0.846
0.879 0.937 0.858 0.757
0.880 0.791 0.939 0.711
11.2 (df=8) 6.8 (df=8) 12.6 (df=8) 14.8 (df=8)
(p=0.193) (p=0.562) (p=0.126) (p=0.063)
0.909 0.890 1.022 0.810*
0.987 0.979 1.153 0.572%*
0.481*** 0.765 0.837 0.947
9.9 (df=8) 9.1 (df=8) 6.2 (df=8) 8.5 (df=8)
(p=0.269) (p=0.333) (p=0.622) (p=0.390)
0.952 0.978 0.884 0.616*
0.707* 0.865 0.878 0.812
0.803 0.828 0.936 0.562*
8.9 (df=8) 9.4 (df=8) 10.4 (df=8) 3.0 (df=8)
(p=0.348) (p=0.311) (p=0.241) (p=0.937)

Notes: (1) The category in parentheses is treated as a reference group. (2) The goodness-of-fit tests were performed
following the approach of Hosmer and Lemeshow (1989). (3) df: degree of freedom. (4) #, p<0.10; *, p<0.05; **,

p<0.01; ***, p<0.001.
Data Source: Asfor Table 1.
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Table 3. Relative risks and odds ratios reflecting effects of |ate childbearing on survival and
healthy survival between 1998 and 2000 based on multivariate Cox proportiona hazards and
ordinal logistic regression models

Models Relative risk of Cox hazards models survival Oddsrratios of ordinal logistic regression
analysis healthy survival analysis
Females Males Females Males

Gave birth after age 35
Model | (O birth after age 35)

1 birth after age 35 0.941 0.910 0.914 1.103

2 births after age 35 0.850* 1.077 0.758*** 0.930

3+ births after age 35 0.722 *** 0.747 *** 0.697*** 0.769**
Model Il (O birth after age 35)

1 birth after age 35 0.941 0.919 0.977 1.209"

2 births after age 35 0.858* 1.100 0.847* 1.045

3+ hirths after age 35 0.715 *** 0.800* 0.766* 0.895
Model 111 (O birth after age 35)

1 birth after age 35 0.949 0.919 0.967 1.157

2 births after age 35 0.861* 1.116 0.828* 1.066

3+ births after age 35 0.720 *** 0.821% 0.747+* 0.889
Model IV (0 birth after age 35)

1 birth after age 35 0.977 0.947 1.003 1.169

2 births after age 35 0.902 1.181 0.854 1111

3+ births after age 35 0.767 ** 0.889 0.791* 0.944

-2 log Likelihood (-2LL), Model | 32138.0%** 18981.1*** 8577.6*** 6360.1%**

Improvement of —2LL, Model Il vsModd | 79.5%** 47 .6%** 96.8*** 50.3***

Improvement of —2LL, Model I11 vs Modél I1 65.9%** 71.9%** 70.4%** 98.5%**

Improvement of-2LL, Model 1V vs Model 111 231.4*** 233.4*** 286.1*** 304.9***

Gave birth after age 40
Model | (0 birth after age 40)

1 birth after age 40 0.925 0.908 0.945 0.978

2 hirths after age 40 0.785** 0.798 ** 0.739** 0.762**

3+ births after age 40 0.569 *** 0.673 *** 0.560*** 0.719**
Model Il (O birth after age 40)

1 birth after age 40 0.947 0.912 1.018 1.043

2 births after age 40 0.791 ** 0.792 * 0.812* 0.818*

3+ births after age 40 0.568 *** 0.717 ** 0.584* 0.817*
Model 111 (O birth after age 40)

1 birth after age 40 0.942 0.935 1.000 1.076

2 births after age 40 0.792 * 0.798 * 0.810" 0.810*

3+ births after age 40 0.565 *** 0.744 ** 0.568* 0.842
Model IV (0 birth after age 40)

1 birth after age 40 0.962 0.979 1.019 1.131

2 births after age 40 0.811 * 0.842% 0.792* 0.850

3+ hirths after age 40 0.620 *** 0.782 * 0.627** 0.873

-2 log Likelihood (-2LL), Model | 32135.0%** 18981.2*** 8578.2+** 6359.1%**

Improvement of —2LL, Model Il vs Model | 82.6%** 46.2%** 104.6*** 48.3***

Improvement of —2LL, Model 111 vs Model I 66.5%** 71.0%** 70.6%** 98.6%**

Improvement of -2LL,Model IV vsModd 11| 230.3*** 231.9*** 285.0*** 305.6***

Notes: (1) The category in parentheses is the reference group. (2) Covariates in Model | are late childbearing plus
demographic variables of age, gender, residence, education, and ethnicity. Model 11 is Model | plus covariates of family
support & social connection. Model 111 is Model 1l plus covariates of health practices. Model 1V is Model Il plus
covariates of health conditions. (3) The number of degree of freedom for Model | to Model 1V is 9, 17, 21, 25
respectively. (4) #, p<0.10; *, p<0.05; **, p<0.01; ***, p<0.001.

Data Source: Chinese Longitudinal Healthy Longevity Survey — 1998 baseline and 2000 follow-up.

40



Table 4a. Ratio of survivorship (RS) of elders who gave birth after age 35 or 40 to those who did not
have such late childbearing

Ages 100-105 vs. 80-85 Ages 100-105 vs. 90-95 Ages 90-95 vs. 80-85
Pix) Py80-85) Py(100-105) RS P P(90-95) P,(100-105) RS P P(80:85) P,(90-95) RS P

Gave hirth after age 35

Males

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  50.1 544 1.19 0.125 499 544 1.20 0.121 50.1 499 0.99 0.913
3+hbirths  30.2 35.6 1.28 0.036 32.7 35.6 1.14 0.281 30.2 327 112 0.233
Females

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 18.1 153 0.000 8.9 12.6 1.48 0.005

Gave birth(s) after age 40

Males

1+ births  48.9 579 1.43 0.001 57.6 579 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 33.7 151 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
Females

1+ births  21.9 36.2 2.02 0.000 28.7 36.2 141 0.000 21.9 28.7 1.43 0.000
2+ hirths 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 54 4.22 0.000 25 54 2.20 0.000 1.3 25 1.91 0.047

Notes: (1) Py(x): Percentage of elders who gave birth after age 35 or after age 40 among those aged Xx. (2) p:
Significance level of chi-sguare tests based on methodology provided by Mantel and Haenszel (1959) to test whether
there is statistically significant difference of survivorship between those with the fixed attribute and those without the
fixed attribute.

Data Source: Asfor Table 1.
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Table 4b. Theratio of healthy survivorship (RHS) of elders who gave birth after
age 35 or after age 40 to those who did not have such |ate childbearing

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) TI(100-105) RHS P Py(90-95) T(100-105) RHS P Py(80-85) 1(90-95) RHS P

Gave birth after age 35

Males

1+ births 69.0 71.4 1.12 0506 723 714 095 0.778 69.0 72.3 1.17 0.151
2+ births 50.1 56.3 1.28 0.103 499 56.3 1.29 0.097 50.1 49.2 0.96 0.709
3+ births 30.2 39.3 1.50 0.010 327 39.3 1.34 0.069 30.2 315 1.07 0.556
Females

1+ births 49.8 60.5 154 0.000 513 60.5 1.45 0.000 49.8 519 1.09 0.891
2+ births 24.6 36.7 1.78 0.000 282 36.7 1.48 0.000 24.6 29.0 1.25 0.045
3+ births 89 20.7 2.68 0.000 126 20.7 1.81 0.000 89 13.9 1.67 0.001

Gave birth(s) after age 40

Males

1+ births 48.9 60.2 1.58 0.003 1576 60.2 1.11 0.496 48.9 573 1.40 0.001
2+ births 25.2 39.8 1.97 0.000 337 39.8 1.30 0.097 252 33.6 1.51 0.000
3+ births 10.8 22.8 2.43 0.000 171 22.8 1.43 0.057 10.8 17.0 1.69 0.000
Females

1+ births 219 39.5 2.33 0.000 287 39.5 1.62 0.000 219 29.7 1.50 0.000
2+ births 5.6 18.4 3.77 0.000 10.8 184 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) Py(x): percentage of elders who gave birth after age 35 or age 40 among those aged x. (2) T(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 Chi-square tests based on methodology provided Mantel and Haenszel (1959) to test whether
there is statistically significant difference of healthy survivorship between those with the fixed attribute and those
without the fixed attribute.

Data Source: Asfor Table 1.
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