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Abstract: This paper aims to investigate the relationship of exceptional longevity (survive to
80 years old or beyond) of offspring to longevity of parents, by using data from the first three
waves of the Chinese Longitudinal Healthy Longevity Survey. Fixed-Attributes Dynamics
method and logistic models are applied to the data. Results of both methods show a relatively
strong same-sex inheritance of longevity between parents and offspring, that is, a strong
association between father’s and son’s longevity or between mother’s and daughter’s
longevity, but a weak or no association of longevity between father and daughter or between
mother and son. And both mother and father are long-lived would contribute somehow to
children’s exceptional longevity.

! Authors are grateful for invaluable comments from Prof. Ronald Lee, Dr. Sarah Staveteig, Dr.Rachel Sullivan,
Dr. Bryan Sykes and Dr. Sarah Tom at Berkeley.



INTRODUCTION

Is human longevity inheritable? To which extent is the life span of offspring
associated with that of parents? As higher life expectancy has been attained by a larger
proportion of population than before, these questions are more intriguing.

Although it is generally believed that longevity is only moderately inheritable, many
studies have consistently supported the conventional wisdom that long life runs in family
(Pearl, 1931; Cohen, 1964; Abbott et al., 1974; Philippe, 1978; Bocquet-Appel and Jakobi,
1990; Mayer, 1991; McGue et al., 1993; Herskind et al., 1996; Ljungquist et al., 1998;
Gavrilova et al., 1998; Robine et al., 1998; Cournil et al., 2000; Gudmundsson et al., 2000;
Korpelainen, 1999, 2000b; Kerber et al., 2001; Perls et al., 2002; Kemkes-Grottenthaler,
2004). That “If you would live long, choose your parents well” (Cournil et al., 2001)
indicates a common belief in academic field about familial component to longevity. As to the
extent to which longevity is inherited, scholars have shown various estimates, in part because
of “differences in the types of paired relationships examined, the time periods and number of
generations considered, and the quality of data among source population”(Kerber et al., 2001).
The estimates of heritability have been varied from nearly zero to 0.89 with most studies
yielding a low but consistent figure less than 0.3 (Philippe, 1978; Bocquet-Appel and Jakobi,
1990; Mayer, 1991; McGue et al., 1993; Gavrilova et al., 1998; Cournil et at., 2000; Mitchell
et al., 2001; Korpelainen, 1999, 2000b). The highest estimate of heritability is obtained
among aristocratic Europeans in a study by Korpelainen (2000b). However, in the same study,
Korpelainen shows the rural Finns possessed either no inheritable component or a clearly low
level of heritability. This suggests that there might be a complex interplay of environmental
and genetic effects (Westendorp and Kirkwood, 2001). Environmental or social explanations
are also emphasized by other scholars (Murphy, 1978; Philippe, 1978; Jacquard, 1982; Alter,
2001; Perls et al., 2002), who likewise argue that familial resemblance may be the results of
shared environmental or behavioral effects associated with common rearing.

As regards to the relative importance of maternal or paternal line of inheritance, no
consensus, as yet, is reached. Some studies found heritability is more strongly along the
paternal line (Bell, 1918; Cohen, 1964; Philippe, 1978; Bocquet-Appel and Jakobi, 1990);
others show the maternal contribution outweighs the paternal component (Abbott et al., 1974;
Crawford and Rogers, 1982; Brand et al., 1992; Korpelainen, 1999, 2000b; Kemkes-
Grottenthaler, 2004). Several studies also show that daughters receive a greater portion of the
genetic endowment than their male siblings (Cournil et al., 2000; Cournil, 2001; Kemkes-
Grottenthaler, 2004).

Among the considerable research on longevity, however, almost no research has been
done in developing countries and most studies are based on small sample sizes (Vaupel,
2001). The Chinese Longitudinal Healthy Longevity Survey (CLHLS) opens an opportunity
to study longevity in a developing country based on much larger sample size. This paper aims
to examine the association of life spans among family members in China by using the data
from the CLHLS. The main purpose of the paper is to investigate whether exceptional
longevity of the oldest-old Chinese is related to their parent’s longevity and to examine
whether there is a sex-linked heritability.

DATA AND METHODS

The data used in this paper are from the CLHLS, which is the largest longitudinal
survey of very old people ever undertaken (Zeng and Vaupel, 2004). The baseline survey and
the first and second follow-up survey were conducted in 1998, 2000, and 2002, respectively,
in randomly selected 50% of the counties or cities in 22 provinces. The CLHLS is specially
designed with age-matching, oversampling of the oldest-old males and institutionalized
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persons. For each centenarian (aged 100+) with a pre-designated random code, one nearby
octogenarian (aged 80-89) and one nearby nonagenarian (aged 90-99) with pre-designated
age and sex were interviewed. The term ‘nearby’ mainly indicate the same village or the
same street if applicable, or the same town, county, or city. The aim of this design is to have
comparable numbers of randomly selected male and female octogenarians and nonagenarians
at each age from 80 to 99. Participants interviewed in 1998 were re-interviewed in 2000 and
2002 if they were still alive. For those deceased respondents who died between survey
intervals, more than thirty questions including the date of death were collected from the next-
of-kin. New respondents were added to replace the deceased or respondents lost to follow-up
in order to keep the adequate sample size in later waves. Evaluations showed that the data
quality of the CLHLS was generally good and the age reporting was generally accurate (Gu,
2006; Gu and Dupre, 2006; Zeng and Gu, 2006; Zeng et al., 2001). Excluding siblings, there
are 8,585 respondents aged 80 to 105 in 1998. Of them, 3,226 died before the 2000 survey
and 1,530 died after the 2000 survey but before the 2002 survey, reaching a total of 4,756
deceased interviewees. We use both the information of the interviewees in the baseline
survey and those who died between the 1998 and the 2002 waves.

There is a large proportion of missing values for parents’ ages at death in the baseline
wave of the CLHLS. Of the 8585 respondents, 3,547 (41%) have no information on father’s
age at death and 3,031 (35%) have no information on mother’s age at death. Therefore,
missing value analyses were conducted based on multiple imputation technique (Allison,
2002). The imputed results are very close to those un-imputed.? In the body text, we use un-
imputed data while listing the imputed results in the appendix.

Survivorship ratios of elders having long-lived parents to those have no long-lived
parents are calculated by using the Fixed-Attributes Dynamics (FAD) method and logistic
models are applied to the data to examine the association of the life span between parents and
children. The Fixed-Attributes Dynamics (FAD) method, also known as the Survival
Attribute Assay, was initially proposed by Vaupel (1992), developed by him and Yashin
(Yashin et al,. 1998; 1999; 2000; Gerdes et al., 2000), and extended by Zeng and Vaupel
(2004). The basic idea of the method is that the prevalence of a fixed attribute can change
with age even though no individual can change his or her variant of the attribute, and that
therefore much 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. Given that both parents of all respondents had died when respondents
were interviewed in the 1998 study,® the parents’ ages at death of the respondents could be
considered as a fixed attribute of the respondents at the time of the interview in 1998. The
basic FAD method for use in a study of longevity when estimates of cohort survivorship are
not available can be formulated as follows”:

(- pa(x)) pa(x+n) (1)

Pa (X)L - pa(x+n))’

where RS(a/-a) is the ratio of survivorship of those with the fixed attribute a to those
without the attribute a from age x to x+n; p,(x) and p,(x+n) are the proportions of

RS(a/-a) =

individuals who have the fixed attribute a at age x and x+n, respectively. If RS(a/—a) is

% There is a difference between imputed and un-imputed data for male respondents in the logistic regression
when we use the 10 percentile of age at death to define long-lived parents. But there was no obvious source of
bias that might distort the patterns of association of longevity within families for whom all the necessary
information was recorded.

® There are few than 10 respondents whose parents were still alive. They are excluded from the present study.

* For details, refer to Zeng Yi and James W. Vaupel. 2004. Association of Late Childbearing with Healthy
Longevity among the Oldest-old in China, Population Studies: 58(1), 2004, 37-53.



greater than 1, the attribute is positively associated with longevity. Statistical tests can be
performed to test whether there is a statistically significant difference of survivorship
between the two populations (Mantel and Haenszel, 1959).

When compare the survivorship ratio of those with the fixed attribute a to those with

attributeb , we extend the FAD method to the following formula:
Pa (X+N)pp(x)
pa (X) Py (X+ 1) @)

The main strength of the FAD method is that it does not require prospective tracking
of study participants to ascertain the occurrence of exit events. It could be used to investigate
the association of a fixed attribute with longevity based on one cross-sectional survey dataset.
The FAD method also assumes that the number of migrants is small or, alternatively,
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.

Longevity of parents in this paper is defined according to different standards. First,
we use 70 years of the age at death as the cut point age, that is, those who died at or after age
70 were regard as long-lived. Second, we try age 80 as the cutting age. Lastly, longevity is
defined according to a percentile of the age-at-death distribution. The percentile 10 is chosen
to denote exceptional longevity of parents.

The FAD method is applied to the 1998 baseline dataset of the CLHLS in this paper
to investigate the association of having long-lived parents with offspring’s longevity.
Formula (1) is used to obtain the survivorship ratio of those who have long-lived father or
mother to those who have no long-lived father or mother. Formula (2) compares the
survivorship ratio of those only having long-lived father, or only having long-lived mother, or
having both long-lived father and mother to those neither having long-lived father nor having
long-lived mother.®

Logistic regressions are employed to test the difference in the frequency of having
father or mother surviving to age 70 (or 80) or older and the difference in the frequency of
having the top ten percentile of parental longevity among the deceased centenarians and
octogenarians who died between the 1998 and 2002 waves. If the respondent’s longevity is
associated with the parental longevity, the frequency of having long-lived parents will change
with increasing age as a result of differential survivals. Given that the life span of those
deceased interviewees who died between the 1998 and 2002 waves have been determined and
their parents were all dead at the time of the 1998 survey, we are able to examine the
distribution of frequency of having long-lived parents among these deceased respondents.’
This approach is similar to the one that examines the associations of genotype with longevity
in terms of the frequency of having a given genotype across ages when the data are cross-

RS(a/p) =

® The cut point ages for the top 10 percentile of parental longevity among both un-imputed and imputed datasets
are the same: 90 for mother and 83 for father. Literature has shown that the percentile range of 20-35
corresponded to the definitions of parental longevity has the strongest influences on the offspring’s longevity
and the association of longevity between parents and offspring appeared to be rather stable in this range (Cournil,
et al., 2000). Our choice of the cut point age at 70 or 80 falls in this range. However, the choice of the 10
percentile is restricted to parental exceptional longevity.

® Given that there are only less than 1% of respondents whose parents both survived to the top 10 percentile of
age at death, we did not examine such survivorship ratios based on the top 10 percentile of parental longevity.

" Unlike some designs in modeling the associations of genotype and longevity where distribution of genotype is
fixed, the frequency of having long-lived parents for different age groups in a population is not fixed. This is
because that the cohort of subjects under studying has not extinguished and their parents might be still alive at a
given time. Therefore, we only focus on those deceased persons in logistic model to ensure that the frequency of
parental age at death is fixed at the time of analysis.



sectional or when the length of the follow-up in a survey is insufficient (e.g., Tan et al.,
2003). 8 Because the historical and epidemiological background of the parents of the
octogenarian respondents is similar to that of the parents of the centenarian respondents, such
a comparison is practicable and meaningful.® Four sequential models are constructed to test
the difference in frequency of having long-lived parents in the presence of different
confounders. Model I only examines the difference of the frequency distribution of having
long-lived parents between the deceased centenarians and octogenarians by sex. Previous
studies have found that some familial biological factors, such as age at childbirth (specially
the first birth and the last birth) and birth order, are associated with individual’s longevity
(e.g., Doblhammer 2000; Miiller et al. 2002; Perls et al. 1997; Zeng and Vaupel 2004). We
therefore, include parents’ ages at the birth of the respondent, the birth order of the
respondent, and respondent’s age at first childbirth in Model 1l to investigate what is the
difference in frequency of having long-lived parents between two groups of respondents are
modified. Ethnicity is also included in Model Il. The literature is well-documented that the
SES variable has a significant impact on individual mortality (e.g., Duleep 1989; Lantz et al.
1998). We, thus, add parents’ proxy of SES into Model 111 measured by father’s occupation,
the place of birth of the respondent, type of drinking water for the family when the
respondent was a child, whether the respondent received any education in childhood, whether
respondent went to bed hungrily in childhood, and whether respondent got adequate
medication in childhood.®® Model IV further adds respondent’s factors in terms of SES and
health practice.** The primary purpose of such a model design aims to examine how the
frequency of distribution of having long-lived parents among two groups of the deceased
interviewees is modified by various confounders. The estimated frequencies in different
models are derived from the procedure given by Retherford and Choe (1993:142-147).

In order to minimize the effects of accidents, war, contagious diseases, or other
environmental hazards on the life span during childhood, many researchers normally set a
line of minimum age for parents under study. For instance, Korpelainen (2000) sets the
minimum age as age 40, and Cournil and her colleagues (2000) set it as age 50. We have tried
to only include those parents who reached age 50 to test the association of longevity between
parents and offspring in both FAD method and Logistic models, and found similar results
with those in the body text. As to the respondents (offspring), they had already survived to
age 80 in 1998, thus no early mortality are included in our analyses. That is to say, our paper
focuses on the association of late survival between parents and offspring. It remains unknown
if our conclusion could still be valid when childhood survival or early-adult survival is
included in this Chinese case. Further exploration would be helpful.

8 In the study of associations of genotype with longevity, several other methods have been developed, such as
non-parametric relative risk model and parametric survival analysis (Toupance, Godelle, Gouyon, and Schéchter
1998; Yashin et al. 1999). However, both non-parametric relative risk model and parametric survival analysis
are based on the method of combining the individual genetic data with population life table (i.e., survival
information), which is not applicable to this study because both respondent’ life span and ages at death of
his/her parents are not fixed attributes in the early ages if the life table is employed.

° We assume life spans for parents of centenarians and octogenarians are similar. If the life span of parents of
octogenarian interviewees were longer than that of parents of those centenarians, our study would underestimate
the associations of familial longevity between parents and offspring. But this is unlikely.

19 Given that there is very few information relevant to parents’ SES in the 1998 wave of the CLHLS, these
variables available in the 1998 wave are used to serve as a proxy of parents’ SES. Other information for parents
is not unavailable in the 1998 wave.

1 Coding of all covariates used in this study is not presented in the text due to space limits but available upon
request.



FINDINGS

Considering that the life expectancy in China is 69.6 years for males and 73.3 years
for females in 2000, the interviewees aged 80-105 at the time of the 1998 survey are long-
lived elders compared to their peers who were born in the same period. Our data show that
these long-lived elders tend to have long-lived parents. The distributions of age at death of
parents are shown in Table 1. It may be surprising that more than two third of the parents
survived to age 60 and about one fifth of the fathers and one third of the mothers survived to
age 80, considering the fact that all of them were born before 1910 and the majority (over 90
percent) were born between 1861 and 1890. The mean and median age at death for father is
64 and 66, respectively, and for mother is 68 and 71, respectively, which are 5-10 years
higher than the expected average life span for those survived to age 20 in 1930s. According
to some scholars, the life expectancy at birth in China in 1930s was only about 35 years, and
the life expectancy at age 20 is about 40 for both male and female (Seifert, 1935). It seems
reasonable if we presume that the parents of the long-lived elders have longer life span than
their cohort peers, but this presumption should be further tested. In this paper, we are unable
to examine this presumption because data for the whole cohort born nearly one hundred ago
were not available; instead, we examine the distribution of proportion of having long-lived
parents for centenarians as compared to those who died in their eighties and nineties using the
CLHLS. In other words, we examine whether exceptional longevity of the respondents is
inherited from longevity of their parents among the oldest old in China by using both the
information of the interviewees in the 1998 baseline survey and the information of those
deceased who died between 1998 and 2002.

Table 1 Distributions of age at death of parents (%)

father's age at death Mother’s age at death
Percent Inverse-Cumulative % Percent Inverse-Cumulative %
under 50 18.86 100.00 16.42 100.00
50-59 15.62 81.15 10.77 83.59
60-69 22.25 65.53 17.34 72.82
70-79 24.24 43.28 23.05 55.48
80+ 19.04 19.04 32.43 32.43

Findings among 1998 baseline interviewees

One of the main strengths of the FAD method is that it can be used to analyze the
association between fixed attributes and longevity based on two or more independent cross-
sectional samples, rather than on a longitudinal survey. By applying the FAD method to the
data from 1998 baseline survey, Table 2 presents the survivorship ratios. The upper two
panels of the table list the survivorship ratio of elders having father or mother surviving to
age 70+, 80+, or top 10 percentile of parental age at death to those having no such a long-
lived father or mother. Estimates of the survivorship ratio show that the likelihood of survival
from ages 80-85 to 100-105 and the likelihood of survival from ages 90-95 to 100-105 for
males who have fathers surviving to age 70+, 80+, and top 10 percentile of longevity are 20-
40% greater as compared to those males who do not have such a long-lived father, suggesting
an association between father’s longevity and son’s exceptional longevity. The first two
panels of Table 2 also show an association between daughter’s exceptional longevity and
mother’s. The ratios of survivorship show that the likelihood of survival from ages 80-85 to
100-105 and the likelihood of survival from ages 90-95 to 100-105 for females who have a
long-lived mother are 1.26-2.09 times greater as compared to those females who have no
such a long-lived mother. However, no or a weak association of longevity between daughter
and father or between son and mother was observed except one case when the long-live
mother is measured in terms of the top 10 percentile of age at death. Combining the status of
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longevity of parents together and setting different age standard for parental longevity, we get
the two low panels in Table 2, which show the survivorship ratios of elders only having long-
lived father, or only having long-lived mother, or having both long-lived father and mother as
compared to those neither having long-lived father nor having long-lived mother. The results
still indicate same-sex inheritance although both mother and father are long-lived would
contribute somehow to children’s longevity.

An analysis based on the FAD method does not ascertain whether the association of
the fixed attribute and survival is due to the attribute per se or is caused or mediated by other
factors. And, for longevity studies, it is better if the analyses could focus on an extinct
population. Thus, in next section we apply logistic regression models to the data of the
deceased to investigate the association of parental longevity with offspring’s exceptional
longevity controlling various confounding factors.

Table 2 Survivorship ratio of elders having long-lived parents to those having no long-
lived parents, 1998 CLHLS

Ages 100-105 vs. 80-85 Ages 100-105 vs. 90-95
P1(80-85)  P1(100-105) RS P1(90-95)  P4(100-105) RS
Father’s death age
Males
70+ 40.78 49.08 1.40* 42.76 49.08 1.29%
80+ 17.60 23.08 1.40* 19.87 23.08 1.21%
Top 10 percentile 10.61 14.43 1.42# 11.49 14.43 1.30
Females
70+ 38.49 43.97 1.25* 43.87 43.97 1.00
80+ 16.21 19.34 1.25 20.16 19.34 0.95
Top 10 percentile 7.88 10.17 1.32 8.62 10.17 1.20
Mother’s death age
Males
70+ 53.77 51.60 0.92 53.37 51.60 0.93
80+ 29.48 32.38 1.15 30.13 32.38 111
Top 10 percentile 7.67 14.59 2.06*** 9.46 14.59 1.64*
Females
70+ 53.72 59.47 1.26* 52.62 59.47 1.32**
80+ 30.12 38.66 1.46*** 32.30 38.66 1.32*
Top 10 percentile 9.00 12.81 1.49* 6.56 12.81 2.09***
Had long-lived parents (survived to age 70)
Males
No 31.67 28.63 29.40 28.63
Father only 14.69 20.56 1.55* 18.69 20.56 1.13
Mother only 28.48 22.58 0.88 28.49 22.58 0.81
Both parents 25.16 28.23 1.24 23.41 28.23 1.24
Females
No 32.61 29.99 34.55 29.99
Father only 14.84 13.63 1.00 15.02 13.63 1.05
Mother only 29.06 27.12 1.01 21.46 27.12 1.46*
Both parents 23.49 29.27 1.35* 28.97 29.27 1.16
Had long-lived parents (survived to age 80)
Males
No 60.41 57.66 60.62 57.66
Father only 10.09 11.29 1.17% 11.25 11.29 1.05
Mother only 22.48 20.56 0.96 20.33 20.56 1.06
Both parents 7.02 10.48 1.56" 7.80 10.48 1.41
Females
No 60.74 55.81 59.23 55.81
Father only 10.97 9.90 0.98 10.73 9.90 0.98
Mother only 23.03 26.11 1.23" 21.24 26.11 1.30
Both parents 5.26 8.18 1.69* 8.80 8.18 0.99

Note: (1) The proportion of respondents whose both parents survived to age of the top 10 percentile of
parental longevity was less than 1%. Therefore, we didn’t examine the difference in frequency of both
parents’ longevity across ages in terms of the top 10 percentile. (2) ***, p<=0.001; **, p<=0.01; *, p<=0.05;
#, p<=0.1.



Findings among the deceased

The 2000 and 2002 waves of the CLHLS provide information of the 4,756 deceased
interviewees who died after 1998 baseline survey but before 2002 follow-up survey. All of
the parents of the deceased interviewees died before the 1998 survey and information on their
ages at death is available. Thus, we could use this extinct population to see if their life spans
are associated with those of their parents. Table 3a shows the distribution of age at death of
parents by age at death of interviewees who died between 1998 and 2002. The male
interviewees who died at or after age 100 have about 10 percent more fathers surviving to age
80 than those respondents who died in their 80s, showing a certain association between
exceptional longevity of son and longevity of father. Similar association is also found
between the life spans of female elders and their mothers. However, there is no association
between the life spans of male elders and their mothers and no association between that of
female elders and their fathers. Table 3b combines longevity status of both father and mother.
The results also indicate an association of longevity between son and father and between
daughter and mother. These findings are consistent with earlier ones found among baseline
interviewees in 1998.

Table 3a distribution of fathers’ and mothers’ ages at death by respondents’ ages at death
(% within column)

Male Respondents’ age at death Female Respondents’ age at death
80-89 90-99 100+ 80-89 90-99 100+
Fathers’ under 70 58.27 55.22 48.46 62.88 52.78 56.96
age at 70-79 26.56 23.91 25.60 20.96 25.39 23.48
death 80+ 15.18 20.87 25.94 16.16 21.83 19.57
Total (%) 100 100 100 100 100 100
(count) 369 527 293 229 449 690
22 Test: 0.011 0.162
Mothers”  under 70 43.08 44.76 45.07 48.52 45.21 40.68
age at 70-79 27.42 25.04 22.70 22.22 20.11 20.58
death 80+ 29.50 30.20 32.24 29.26 34.67 38.74
Total (%) 100 100 100 100 100 100
(count) 383 563 304 270 522 826
22 Test: 0.709 0.056

Note: Respondents’ age at death was obtained in the 2000 and 2002 follow-up waves.

Table 3b  respondent’s age distribution at death by status of parents’ longevity
(% within column)
Respondent’s age at death

Male Female

Status of parents' longevity 80-89 90-99 100+ 80-89 90-99 100+
neither father or mother lived to age 80 62.32 59.88 54.89 61.50 5854 55.10
only father lived to age 80 7.83 11.32 14.29 11.27 1049 10.05
only mother lived to age 80 2290 19.96 20.68 2254 2098 26.69
both lived to age 80 6.96 885 10.15 469 1000 8.16
Total (%) 100.00 100.00 100.00 100.00 100.00 100.00

(count) 345 486 266 213 410 637

Note: Respondents’ age at death was obtained in the 2000 and 2002 follow-up waves.

Results above are reached without controlling any confounding factors. In order to
examine if exceptional longevity of the respondents is inherited from longevity of their
parents among the oldest old Chinese by controlling confounding factors, we perform logistic
regressions to compare the frequency of having long-lived parents among interviewees who



died at their centenarians to those died at their octogenarians. Table 4 provides sequential
model design controlling for various confounders and Table 5 provides the estimated
frequency derived from sequential logistic regressions for having father or mother living to
age 70+, age 80+, and to the top 10 percentile of longevity among the interviewees who died
in their 100s to the interviewees died in their eighties in 1998-2002. The results reveal that
the frequency of having long-lived father or mother across models did not change much,
suggesting other confounders have slight influence on the associations in longevity between
parents and offspring. The results of all models show that males died as centenarians are
more likely to have longer-lived father compared to males died in their 80s in 1998-2002, but
they are not more likely to have long-lived mother except in the case when we use the top 10
percentile of age at death for mother.*? The deceased females are more likely to have mothers
surviving to age 80 or older for centenarians compared to those died as octogenarians,
however, the chances to have long-lived father for centenarians are not significantly different
with the chances for octogenarians. Consistent with the results of the FAD method and
Tables 3a and 3b, the logistic models suggest there is a strong association between father’s
longevity and son’s exceptional longevity, and an association between mother’s and
daughter’s, but no or weak association between mother’s and son’s or between father’s and
daughter’s, emphasizing a same-sex link of longevity. It is interesting to note that status of
longevity of mother significantly influence exceptional longevity of daughter only when we
use cut point age at 80 or older rather than at age 70, which is slightly different from the
relation of longevity between son and father. Children’s presence may contribute to parental
longevity because of possible stronger emotional or financial support and better caring when
needed. This causal link is regard as negligible in our study since all of the children
(respondents) survived to at least 80 years old. The same-sex link of longevity between
parents and children are thus mainly due to the downward transmission of longevity from
parents to children or shared environment.

Table 4 Independent variables in logistic regressions of having long-lived father or mother

Model 1 Model 2 (added variables) Model 3 (added variables) Model 4 (added variables)
Familial biological factors Proxy of parents’ SES Respondent’s characteristics
Status of (1) Mother’s age at (1) Father’s occupation (1) Economic independence
interviewees’ respondent’s birth (2) Place of birth of the respondent (2) Marital status
longevity (2) Father’s age at (3) Type of drinking water in the (3) Living arrangement
respondent’s birth childhood of respondent (4) Proximity with children
(3) Birth order of the (4) Respondent’s education (5) Religious activities
respondents (5) Whether respondent went bed often  (6) physical labor
(4) Respondent’s age at first ~ hungrily in childhood (7) Smoking history
child bearing (6) Whether respondent got adequate (8) Strong alcohol drinker
(5) Ethnicity medication in childhood (9) Exercise history

Note: Models are run by males and females separately.

12 Based on the imputed data, the association between mother’s longevity measured by the top 10 percentile of
age at death and son’s longevity is much weaker, suggesting such a relation is not robust. Further studies are
clearly warranted.



Table 5 Estimated frequency of having long-lived parents between the deceased centenarians and

octogenarians

Model | Model Il Model 11 Model IV
Age of the deceased respondents 80s 100s 80s 100s 80s 100s 80s 100s
Male Respondents
Having father surviving to Age 70+ 45.77*  55.72* 44.54*  57.30* 44,13** 57.83** 44.81# 56.96#
Having father surviving to Age 80+ 19.15** 30.63** 19.28** 30.39** 19.39* 30.20* 19.58  29.88
Having father surviving o the top 10 13 1x 99 g3wx  1309%  2212%  1343% 2185% 1352 21.60%
percentile of longevity
Having mother surviving to Age 70+ 56.00 53.77 55.61 54.28 54.88 55.23 55.11 54.93
Having mother surviving to Age 80+ 30.34 31.32 30.05 31.70 29.53 3241 28,59  33.72
Having mother survivingto the top 10 g g1uex g oqxx g4 1818%  8.00%* 1807%%  BEL** 10.72%*
percentile of longevity
Female Respondents
Having father surviving to Age 70+ 39.48 44.39 37.89# 44.95# 38.70  44.66 39.07 4454
Having father surviving to Age 80+ 17.06 19.42 16.56 19.61 17.46 19.27 17.99 19.09
Having father surviving tothe top 10— g4 1359 894 1329 943 1306 894  13.29
percentile of longevity
Having mother surviving to Age 70+ 53.54 59.13 53.18 59.25 53.26 59.23 52.53# 59.46#
Having mother surviving to Age 80+ 30.91* 39.01* 30.51* 39.16* 30.48* 39.17* 30.40#  39.20#
Having mother survivingtothe top 10 g 104 13944 g1o¢  13.93% 862 1368  7.97#  14.0#

percentile of longevity

Note: (1) respondents’ ages at death were obtained in the 2000 and 2002 follow-up waves. (2) Comparisons were made
between two groups of the deceased respondents. ***, p<=0.001; **, p<=0.01; *, p<=0.05; #, p<=0.1.

CONCLUDING REMARKS

To study familial component to longevity, complete cohort data are usually necessary.
Rather than based on complete cohort data, this paper, on the other hand, investigates
whether exceptional longevity of the oldest-old Chinese is related to their parent’s longevity
by using the data from the CLHLS, a longitudinal survey that includes a baseline survey in
1998 and two follow-up surveys in 2000 and 2002. This is the first attempt to examine
inheritance of familial longevity based on a relatively short follow-up interval of a survey.
With the features of the dataset, the FAD method and logistic regression that have been
widely used in longevity studies are employed to examine inheritance of familial longevity.
More importantly, unlike previous studies that are entirely based on data in developed
societies, this study provides some evidence for inheritance of familial longevity from a
developing country, which makes a potential contribution to the literature.

The results of both FAD method and logistic models indicate a same-sex inheritance
of longevity, that is, a strong association between fathers’ and sons’ longevity or between
mothers’ and daughters’ longevity, but weak or no association of longevity between fathers
and daughters or between mothers and sons. By using top 10 percentile of age at death of
parents, we find exceptional longevity of mother (a death age of 90 or over) has certain
positive effect on longevity of son. However, the un-imputed and imputed results are not
consistent in significance. Thus, further exploration is needed. Even the top 10 percentile of
long-lived mothers have some effect on son’s longevity, this would not lessen the same-sex
link. Our results are neither in line with the studies that usually emphasize relative
importance of the maternal or paternal contribution to life spans of offspring regardless of
child’s sex (Bell, 1918; Cohen, 1964; Abbott, 1974; Philippe, 1978; Welter, 1978; Crawford
and Rogers, 1982; Bocquet-Appel and Jakobi, 1990; Brand et al, 1992; Korpelainen, 1999,
2000; Kemkes-Grottenthaler, 2004), nor in along with those studies that emphasize only
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child’s sex (Cournil et al, 2000; Cournil, 2001; Kemkes-Grottenthaler, 2004). The sex-
specific pathway of longevity transmission in most studies often refers to parent-sex-specific
pathway to children, regardless of child’s sex, or refers to child-sex-specific reception of
longevity from parents, regardless of parent’s sex. One of the exceptions is the study by
Westendorp and Kirkwood (2001). In the study on British aristocracy, Westendorp and
Kirkwood found that the probability of longevity of men but not women was dependent on
longevity of the parents, especially the father, in the period of 700-1700 and the strong
paternal effect on the longevity of sons was consistent with the predominantly patrilinear
inheritance of wealth. Our study shows not only a strong father-son association of longevity,
but also a strong mother-daughter association, indicating inheritance of longevity among
these Chinese is not only sex-linked, but also same-sex-linked.

Although our results suggests a same-sex association of longevity between parents
and offspring among the Chinese studied, the underlying mechanism of longevity
transmission remains an open question. We neither know if the same-sex transmission of
longevity is due to genes or environmental factors, nor understand whether genes associated
with longevity are sex-linked. It is widely believed that the trait shared commonly within
families could be environmental, behavioral or genetic in origin (Perls, et al, 2002). In the
study on British aristocracy, Westendorp and Kirkwood have shown that other than genetic
factor, behavioral and environmental factors might also produce sex-linked association of
longevity between offspring and parents. In Chinese case, it is possible that sons are more
likely to imitate their fathers’ behavior and daughters imitate mothers’. And, in traditional
Chinese society, which emphasizes paternal authority and patrilinear inheritance of wealth,
sons may be more likely to share resources, wealth with father, and daughters may be more
like mothers.
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Appendix:

Table A-1 Comparison of imputed and not-imputed percentage distributions for parents’ age
at death, 1998 CLHLS (%)

<30 30-39 40-49 50-59 60-69 70-79 80+ Total  Valid # of obs.

Mother’s age at death

Not imputed 3.08 5.71 7.63 1077 17.34 23.05 32.43 100.00 5,554

Imputed 2.52 4.78 759 1112 1859 23.81 3159 100.00 8,585
Father’s age at death

Not imputed 2.30 6.49 10.06 15.62 2225 2424 19.04 100.00 5,038

Imputed 1.90 5.04 885 1454 2381 26.74 19.11 100.00 8,585

Table A-2  Ratio of having long-lived parents to those having no

long-lived parents based on the imputed data, 1998 CLHLS
Ages 100-105 vs. 80-85 Ages 100-105 vs. 90-95
P,(80-85) Py(100-105) RS P,(90-95) P,(100-105) RS

Father’s death age

Males
70+ 41.86 48.47 1.31* 45.63 48.47 1.12
80+ 17.20 21.83 1.34* 18.97 21.83 1.19
Top 10 percentile 9.75 13.32 1.42* 10.92 13.32 1.25
Females
70+ 42.74 48.39 1.26** 46.92 48.39 1.06
80+ 18.33 20.10 1.12 19.98 20.10 1.01
Top 10 percentile 7.98 11.35 1.48** 10.14 11.35 1.13
Mother’s death age
Males
70+ 54.19 51.75 0.91 54.83 51.75 0.88
80+ 29.62 31.44 1.09 30.92 31.44 1.02
Top 10 percentile 8.28 12.88 1.64** 10.34 12.88 1.28
Females
70+ 52.80 56.81 1.18* 54.37 56.81 1.10
80+ 28.87 34.11 1.28** 3221 34.11 1.09
Top 10 percentile 9.97 13.01 1.35* 7.95 13.01 1.73%**
Had long-lived parents (survived to age 70)
Males
No 29.25 2751 --- 25.75 2751 ---
Father only 16.56 20.74 1.33# 19.43 20.74 1.00
Mother only 28.89 24.02 0.88 28.62 24.02 0.79
Both parents 25.3 27.73 1.17 26.21 27.73 0.99
Females
No 29.15 2436 --- 27.24 2436 ---
Father only 18.04 18.83 1.25# 18.39 18.83 1.14
Mother only 28.11 27.24 1.16 25.84 27.24 1.18
Both parents 24.69 29.57 1.43*** 28.53 29.57 1.16
Had long-lived parents (survived to age 80)
Males
No 59.61 56.77 --- 56.9 56.77 ---
Father only 10.76 11.79 1.15 12.18 11.79 0.97
Mother only 23.18 214 0.97 24.14 214 0.89
Both parents 6.44 10.04 1.64* 6.78 10.04 1.48**
Females
No 58.21 53.54 --- 55.96 53.54 ---
Father only 12.92 12.35 1.04 11.83 12.35 1.09
Mother only 23.46 26.36 1.22* 24.06 26.36 1.15
Both parents 5.413 7.752 1.56** 8.151 7.752 0.99
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Table A-3 Distribution of father and mother’s ages at death by respondents’ ages at death (%

within column) based on the

imputed data

Male Respondents’ age at death

Female Respondents’ age at death

80-89 90-99 100+ 80-89 90-99 100+
Fathers’ under 70 56.34 54.21 51.14 56.39 52.65 52.33
age at 70-79 28.27 26.98 26.29 25.30 26.65 27.99
death 80+ 15.40 18.80 22.57 18.31 20.69 19.67
Total (%) 100 100 100 100 100 100
(count) 513 819 483 415 923 1,585
72 Test: 0.078 0.571
Mothers”  under 70 42.69 42.98 44,72 48.43 44,75 43.32
age at 70-79 28.07 26.86 23.19 22.89 22.10 21.82
death 80+ 29.24 30.16 32.09 28.67 33.15 34.87
Total (%) 100 100 100 100 100 100
(count) 513 819 483 415 923 1,585
72 Test: 0.482 0.204

Note: Respondents’ age at death was obtained in the 2000 and 2002 follow-up waves.

Table A-4  respondent’s age distribution of death by status of parent’s longevity
(% within column) based on the imputed data

Respondent’s age at death

status of parents' longevity Male Female
80-89 90-99 100+ 80-89 90-99 100+

neither father or mother lived to age 80 61.60 58.36 54.66 57.11 54.06 52.96
only father lived to age 80 9.16 1148 13.25 1422 1278 12.17
only mother lived to age 80 23.00 2283 22.77 2458 2524 27.36
both lived to age 80 6.24 733 9.32 410 791 750
Total (%) 100.00 100.00 100.00 100.00 100.00 100.00

(count) 513 819 483 415 923 1,585

Note: Respondents’ age at death was obtained in the 2000 and 2002 follow-up waves.

Table A-5 Estimated frequency of having long-lived parents between the deceased centenarians and
octogenarians based on the imputed data

Model | Model 1l Model 111 Model 1V
Age of the deceased respondents 80s 100s 80s 100s 80s 100s 80s 100s
Male Respondents
Having father surviving to Age 70+  46.25# 51.48# 4536* 5243*  4546* 5233* 4662 51.08
Having father surviving to Age 80+  18.72%% 26.94%* 18.18%* 27.70%*  18.20%* 27.67** 18.87* 26.73*
Having father surviving tothe top 10 1) eou 17g4%x 1755 1805%  11.63% 17.02% 12144 17.18#
percentile of longevity
Having mother surviving to Age 70+ 56.30 5426 5585 5474 5571 5489 5639  54.15
Having mother surviving to Age 80+  30.65 3357 3031 3395 3049 3374 3004  34.25
Having mother survivingtothe top 10 g o7 1539  ggap 12584 8754 1270#  8.34*  13.34*
percentile of longevity
Female Respondents
Having father surviving to Age 70+  45.63 4971  44.85% 49.92* 4520 49.82 4569  49.69
Having father surviving to Age 80+  18.98 20.38 1861 2048 1869 2046 1944  20.25
Having father survivingtothe top 10 g 154 15694 900 12704 965 1251 962 1252
percentile of longevity
Having mother surviving to Age 70+  54.14# 59.20# 53.86# 59.27# 53.58* 59.34* 51.98* 59.74*
Having mother surviving to Age 80+  31.69* 38.19%  31.37* 38.28*  31.09** 38.36** 30.07* 38.65*
Having mother survivingto the top 10 14 s« 1510%  1039% 1513%  1062% 1505  10.11* 1523

percentile of longevity

Note: (1) respondents’ ages at death were obtained in the 2000 and 2002 follow-up waves. (2) Comparisons were made
between two groups of the deceased respondents. ***, p<=0.001; **, p<=0.01; *, p<=0.05; #, p<=0.1.
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