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Background.  A comparative analysis between centenarians’ children and neighborhood controls is an efficient 
approach to learn how familial longevity influence and its interaction with environmental factors affect healthy aging. 
Yet, there are few extant studies that inform this topic; this study expands this literature.

Methods.  We analyze data from 417 children of centenarians and 560 neighborhood controls without family history 
of longevity in China (all participants aged 60–80) using ordered logit regression models.

Results.  We found that, compared to the neighborhood controls and adjusted for various potentially confounding 
factors, centenarians’ children had significantly better instrumental activities of daily living function(p < .001), smaller 
number of chronic conditions or health problems(p < .01), less anxiety and loneliness(p < .01), better cognitive function 
(p < .01), more resilience (p < .01), better self-rated health (p < .001), and better self-rated life satisfaction (p < .001). 
The results also reveal that interactions between familial longevity influence and one of three environmental factors 
(whether, as children, they received adequate medical care when ill, number of living children, and household economic 
conditions) may possibly affect health outcomes at old ages (p < .05). We discovered that effects of the environmental 
factors on health outcome are substantially stronger among elders who have no family history of longevity compared to 
centenarians’ children who probably carry positive genes and/or lifestyle behaviors from their long-lived parent(s), which 
may promote longevity.

Conclusion.  Familial longevity influence, through genetics and family lifestyle, is significantly associated with vari-
ous aspects of health at older ages. Interactions between familial longevity influence and some environmental factors 
may affect health in old age.
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Genetic heredity is an important determinant of health 
and longevity, and research indicates that the effect 

of genetic inheritance on health and longevity becomes 
increasingly larger with advancing age, especially at ages 
greater than 100 (1). Family lifestyle is another important 
determinant of health and longevity (2). The term “famil-
ial longevity influence” used in this article includes both 
genetic inheritance and family lifestyle. We investigate 
health consequences of familial longevity influence and its 
interactions with environmental factors.

 Because a focus on extreme cases is often a good way to 
gain research leverage at reasonable expense, investigation 
of centenarians’ offspring and controls is an efficient way 

to learn how genetic inheritance and family environment 
influence healthy aging. Prior research has suggested that 
centenarian offspring have better profiles of blood pressure 
and diabetes mellitus (3); similarly, Adams and colleagues 
(4) found that centenarian offspring have a 78% lower risk 
of myocardial infarction, 83% lower risk of stroke, and 86% 
lower risk of developing diabetes mellitus compared with 
the referent group.

 Recent research has shown that interactions between 
genetic inheritance and environmental exposures also play 
a crucial role in health outcomes. Environmental expo-
sures may regulate gene expression via DNA methylation 
and histone modification, which then influences health and 
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longevity of the elderly (5,6). For example, a recent study 
shows that, adjusted for various confounders, the interac-
tions between carrying the genotype FOXO1A-209, which 
significantly reduces survival probability from middle age 
to age 100 and above, and regular exercise significantly 
enhance survival by 31%–32% (p < .05) at ages ≥92 in Han 
Chinese people (7). Many previous studies have provided 
evidence of linkages between childhood conditions, socio-
economic status, family resources, and health outcomes 
in later life (8,9). These literatures led us to believe that it 
may be theoretically reasonable to assume that the interac-
tions between familial longevity influence and childhood 
conditions, current economic status, and familial support 
resources (such as number of surviving children) would 
affect health outcomes at old ages. Although a consider-
able number of investigators have explored the effects of 
interactions between genetic and environmental factors on 
health outcomes and behaviors in children and adolescents 
(10,11), there are very few publications concerning the 
effects of interactions between familial longevity influence 
and environmental factors (abbreviated as F × E hereafter) 
on health outcomes at older ages.

 All previously published studies comparing centenar-
ians’ offspring and their peers were from industrialized 
countries. Western centenarians are generally less robust 
than centenarians in developing countries, who are highly 
selected by severe life conditions and high mortality in 
the past. For example, there were about five centenarians 
per million in China in the 1990s, compared with 50 per 
million in Western Europe, because proportionally many 
more Chinese died before reaching age 100. Only excep-
tionally robust Chinese elders became a centenarian due to 
greater exposure to environmental insults in China than that 
in Western Europe (12). Clearly, research comparing cen-
tenarians’ children and their peers in China is particularly 
useful for identifying the effects of familial longevity influ-
ence and its interactions with environmental exposures on 
healthy aging.

 After a careful literature search, we found that previous 
studies in this field investigated a limited number of specific 
diseases and disorders, but none of them dealt with multiple 
dimensions of physical health, mental health, and subjec-
tive well-being simultaneously in a single study. However, 
in addition to physical health, mental health (eg, cognitive 
function and negative emotion) and subjective well-being 
(eg, self-rated health and self-rated life satisfaction) are also 
important dimensions of health in elderly populations (13). 
For example, anxiety and loneliness, which are components 
of mental health, are relatively more prevalent in the elderly 
than in younger adults and have adverse consequences on 
health outcomes such as poor physical health, reduced qual-
ity of life, and excess mortality (14). Subjective well-being 
has been found to be a predictor of mortality and health 
outcomes. For example, high level of life dissatisfaction at 
baseline significantly increased the odds of experiencing 

the onset of disability (15) and mortality (16) in the fol-
lowing years. We also found that none of the previously 
published studies on centenarians’ children and their peers 
explored the effects of F × E interactions on health out-
comes. The present study intends to fill in these research 
gaps by exploring the effects of familial longevity influence 
and its interactions with several environmental factors on 
physical health, mental health, and subjective well-being at 
old ages.

 Based on a careful literature search and our unique data 
set from children of centenarians and neighborhood controls 
in China, we intend to test the following two hypotheses:

H1: �As compared to the neighborhood controls without 
family history of longevity, adjusted for various poten-
tially confounding factors, children of centenarians 
have significantly better physical and mental health and 
subjective well-being.

H2: �The interactions between familial longevity influence 
and three types of environmental factors, including 
childhood conditions, current economic status, and 
family support resources (measured by number of liv-
ing children), may affect health outcomes at old ages.

Data, Measurements, and Methods

Data Sources
 The current study is based on data from in-home 

interviews of 977 respondents aged 60–80 in eight areas 
spanning the northern, middle and southern parts of China; 
these respondents are part of the 2008–2009 wave of 
Chinese Longitudinal Healthy Longevity Survey (CLHLS). 
The 977 respondents include 417 individuals who are 
biological children of centenarians (each centenarian has 
one child included in this study) and 560 unrelated controls 
living in the same or neighboring village or street. All of 
the neighborhood controls do not have family history of 
longevity; namely, both of their biological parents died 
before age 85, and none of their siblings survived to age 85 
(see online supplementary materials, section SM-I for details 
on how the eight areas and the participants were selected).

Measurements
Dependent variables.— Instrumental activities of daily 

living.—For each of the eight daily tasks of shopping, 
cooking a meal, washing clothing, visiting neighbors, 
walking continuously for 1 km, lifting a weight of 5 kg, 
continuously crouching and standing up three times, and 
taking public transportation, the score is 1 or 0 if the 
participant needed or did not need help, respectively, to 
perform the task. The range of the scores of instrumen-
tal activities of daily living (IADL) disability is from 
0  to 8.  These IADL categories are in fact a mixture of 
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the standard IADL (17) with a new construct (visiting 
neighbors, which is a daily task for many elderly in the 
Chinese cultural context) and the standard functional 
limitations (eg, lifting a weight of 5 kg) (18). Because 
activity of daily living (ADL) disability (bathing, dress-
ing, indoor transferring, going to the toilet and cleaning 
oneself afterward, eating, and continence) is rare among 
the participants aged 60–80 in our sample (only 2.4% 
of centenarians’ children and 3.2% of the neighborhood 
controls were ADL disabled), we do not include ADL as 
a dependent health variable in this study.

Self-reported chronic conditions or health problems.—
The CLHLS collected self-reported information on the 
following chronic conditions or health problems: hyper-
tension, diabetes, heart disease, stroke and/or other cer-
ebrovascular disease, bronchitis and/or emphysema and/
or asthma and/or pneumonia, pulmonary tuberculosis, 
cataracts, glaucoma, cancer, prostate tumor, gastric or duo-
denal ulcer, Parkinson’s disease, bedsore, arthritis, demen-
tia, epilepsy, cholecystitis or cholelithiasis, blood disease, 
chronic nephritis, galactophore disease, uterine tumor, and 
hepatitis. We dichotomized the responses as having none or 
at least one of the chronic conditions or health problems. 
The number of self-reported chronic conditions or health 
problems (which is within the possible range of 0–22) is 
categorized as 0, 1, 2, 3, and 4+ and employed as an addi-
tional health outcome.

Mini-mental state examination.—The international 
standard mini-mental state examination (MMSE) question-
naire (19,20) was adapted to Chinese cultural context and 
was carefully tested in our pilot survey interviews (20). The 
questionnaire included items regarding orientation, regis-
tration, attention, calculation, recall, and language, with a 
total score ranging from 0 to 30. Higher score of MMSE 
means better cognitive functioning.

Anxiety and loneliness.—Anxiety and loneliness, which 
are components of mental disorder and depression in the 
elderly, have adverse consequences such as reduced qual-
ity of life and excess mortality (21,22), higher age-related 
increases in systolic blood pressure (SBP) (14), higher 
vascular resistance (23), and poorer antibody response to 
vaccine (24). In this study, data on anxiety and loneliness 
collected in the CLHLS consist of answers to two questions 
about (i) “feel fearful or anxious” and (ii) “feel lonely and 
isolated.” The respondents were coded as 0 if they reported 
neither of the two symptoms; coded as 1 if they reported 
either one of the two symptoms; and coded as 2 if they 
reported both symptoms.

Simplified resilience score.—We use a simplified resil-
ience score (SRS) emphasizing coping and adjustment 
among the elderly, which is theoretically guided by the 

general framework of the Connor-Davidson Resilience 
Scale (CD-RISC) (21) and based on the available data col-
lected through seven questions related to resilience in the 
CLHLS (22). In general, the seven items reflect personal 
tenacity, optimism, coping with negative mood, secure rela-
tionship, and self-control, which are deemed as important 
factors of resilience (21). The total SRS score ranges from 
0 to 22, with higher scores reflecting greater resilience (22). 
(The internal consistency of SRS measured by Cronbach’s 
alpha coefficient is 0.69, indicating its reliability is reason-
ably adequate (14). Principal component analysis generates 
three factors with eigenvalues >1, explaining 78.5% of the 
total variance. These basic indicators of the psychometric 
properties show that the SRS based on the CLHLS data are 
reasonably acceptable).

Self-rated life satisfaction.—According to the previous 
literature, high levels of life dissatisfaction at baseline signif-
icantly increased the odds of experiencing the onset of dis-
ability (25) and mortality (26) in the following years. We use 
the international standard self-rated life satisfaction (27) to 
measure subjective well-being. Self-rated poor life satisfac-
tion is coded as 0, 1, 2, 3, or 4 if the interviewees’ response 
to the question “How do you rate your life at present?” is 
very good, good, so so, bad, and very bad, respectively.

Self-rated health.—Self-rated poor health is coded as 
0, 1, 2, 3, or 4 if the interviewees’ response to the ques-
tion “How do you rate your health?” is very good, good, 
so so, bad, and very bad, respectively. Although self-rated 
health normally does not serve as an indicator of subjective 
well-being, several studies have demonstrated a robust and 
significant relationship between self-rated health and sub-
jective well-being (28).

The independent variable.— The key independent vari-
able in this study is whether the respondent is a centenar-
ian’s biological child or a neighborhood control who had 
no first-degree relatives who survived to age 85. We include 
the following covariates in our statistical models, based on 
reviews of previous studies in this field and our understand-
ing of the Chinese social context.

Demographic variables.—Include age and gender.

Childhood conditions.—Include availability of medical 
care in childhood, based on the question, “Could you get 
adequate medical service when you were sick in childhood?” 
Those who answer “yes” or “did not get sick in childhood” 
are coded as 1, representing adequate medical service and 
good health status in childhood. Those who answer “no” 
are coded as 0. The interviewers’ manual defined “adequate 
medical care” to mean that the parents were able to have 
the child to see a medical doctor and get either Chinese or 
Western medicine when the child was ill.
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Adulthood socioeconomic variables.—Include education 
(no schooling vs ≥1 year of schooling; about half of the 
Chinese elderly women aged 60–80 had no schooling) and 
self-reported household economic condition (good vs poor 
as compared with the average in the community).

Family/social connection and support variables.—
Include marital status (currently married vs not married, 
ie, divorced, widowed, or never married); number of living 
children; social and leisure activity index (the summation 
of seven variables of gardening, personal outdoor activities 
excluding exercise, raising poultry or pets, reading, playing 
cards or mah-jong, listening to the radio or watching TV, 
and participating in some organized social activities exclud-
ing religious participation).

To simplify the presentations, childhood conditions, 
socioeconomic status, and family/social connections and 
support are hereafter referred to as “environmental factors.”

Statistical Methods
 We conducted seven ordered logit regressions to esti-

mate the effect of familial longevity influence (ie., cen-
tenarian’s child vs neighborhood control without family 
history of longevity) and other covariates on seven categori-
cal health outcomes: IADL disabled, categorized number 
of chronic conditions or health problems, poor self-rated 
health, poor self-rated life satisfaction, anxiety and loneli-
ness, MMSE score, and simplified resilience score. Wald 

statistical tests confirmed that the proportional odds ratio/
parallel lines hypothesis is met in all of the seven ordered 
logit models. To test our theoretical hypothesis H2, we 
estimated the effects of possible interaction terms between 
familial longevity influence and each of the three environ-
mental factors including childhood conditions, current eco-
nomic status, and family support resources (measured by 
number of living children) in the ordered logit regression 
models (29). Similar to some previous studies (29) and due 
to space limitation, we only present and discuss statistically 
significant interaction effects in this article. The technical 
details concerning the estimates of the interactions between 
familial longevity influence and the environmental factors 
are presented in Supplementary material SM-II. All analy-
ses were performed using STATA/SE 10.0

Results

Descriptive Statistics and Main Effects of the Six 
Environmental Factors

 Table  1 presents the sample distributions for gender, 
mean age, and the six potentially confounding environ-
mental variables, as well as the statistical tests of difference 
between centenarians’ children and their neighborhood 
controls. Table  2 presents comparisons of the health out-
come indicators between the centenarians’ children and 
the neighborhood controls who have no family history 
of longevity. The summary descriptive statistics, without 

Table 2.  Descriptive Health Outcome Comparisons between Centenarians’ Children and Neighborhood Controls

Centenarians’ Children Neighborhood Controls

Women Men Both Sexes Women Men Both Sexes

Number of participants 98 319 417 269 291 560
Average score of IADL disability 0.67 0.42 0.48*** 1.04 0.80 0.92***
% Having anxiety and loneliness 5.1 5.6 5.5*** 12.6 7.9 10.2***
Average MMSE score 27.2 28.3 28.0*** 26.1 27.7 27.0***
Average number of chronic conditions/health problems 0.85 0.66 0.70*** 0.98 0.95 0.96***
% With at least one chronic disease 53.1 46.1 47.7*** 61.0 59.8 60.4***
Average score of self-rated poor health 1.19 1.30 1.28*** 1.62 1.60 1.61***
Average score of self-reported poor quality of life 1.06 1.30 1.24** 1.44 1.41 1.43**
Average simplified resilience score 5.8 6.0 5.9*** 5.4 5.5 5.5***

Note: The statistical significant level of the differences between both sexes of centenarians’ children and both sexes of neighborhood controls are indicated 
by **p < .01, ***p < .001.

Table 1.  Descriptive Statistics of Sample Distributions for Centenarians’ Children and Neighborhood Controls

Centenarians’ Children Neighborhood Controls

Women Men Both Sexes Women Men Both Sexes

Number of participants 98 319 417 269 291 560
Mean age of the participants 68.9 69.0 69.0 71.2 70.7 71.0
% Men among total number of participants — 76.5 — — 52.0 —
% Got adequate medical care when ill in childhood 36.7 28.2 30.2 23.8 32.0 28.0
% Household economic condition is good 21.4 13.8 15.6 10.4 12.4 11.4
% Had >1 year of schooling 63.3 82.8 78.2 37.9 74.6 57.0
% Currently married 74.5 88.4 85.1 67.3 73.5 70.5
Average number of living children 3.6 3.4 3.5 4.0 3.5 3.7
Mean of the social and leisure activity index 2.3 2.7 2.6 2.3 2.6 2.4
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controlling for covariates, clearly show that centenarians’ 
children are significantly better off in all of the seven health 
outcome indicators considered than the neighborhood con-
trols who have no family history of longevity.

 The sample distributions of the covariates in Table  1 
show that centenarians’ children have better socioeconomic 
status (SES) than the neighborhood controls. For example, 
78.2% of centenarians’ children had at least 1 y of schooling, 
in contrast to 57.0% among the neighborhood controls; 
15.6% of the centenarians’ children reported that their 
economic condition was good, which was 4.2 percentage 
points higher than that of the neighborhood controls; 76.5% 
percent of centenarians’ children were men, in contrast to 
52% among the neighborhood controls (The higher number 
of male participants among children of centenarians 
compared to the neighborhood controls is due to the fact that 
most Chinese old parents live with an adult son; the CLHLS 
survey selected centenarians’ children mostly within the 
household, whereas the controls were selected randomly); 
more centenarians’ children are currently married (85.1%) 
compared with the neighborhood controls (70.5%). Clearly, 
the centenarians’ children in our sample have favorable 
demographic and SES characteristics, as compared to 
the neighborhood controls, which may positively affect 
their health outcomes. As a result, we cannot draw any 
conclusion on whether the substantially large differences in 
the average values of the health outcome indicators between 
centenarians’ children and the neighborhood controls 
presented in Table  2 are caused by familial longevity 
influence or demographic/SES characteristics. Therefore, 
we employ multivariate statistical models to investigate the 
effects of familial longevity influence and its interactions 
with environmental factors on health outcomes, while 

controlling for various potentially confounding covariates 
of age, gender, childhood and adulthood SES, and family/
social connection and support. Results are presented in 
Tables 3 and 4.

 As shown in Tables 3 and 4, adjusted for the various 
covariates, older respondents had significantly higher risks 
of IADL disability and having chronic conditions and 
health problems but significantly lower scores on cogni-
tive function and resilience. We did not find any significant 
association between age and self-rated health, self-rated 
life satisfaction, and anxiety and loneliness. As compared 
to their female counterparts, old men are significantly less 
likely to be IADL disabled, significantly less likely to report 
anxiety and loneliness, report significantly better cognitive 
capacity, and have a marginally significant higher risk of 
self-rated poor life satisfaction. There are no significant 
gender differentials in the number of chronic conditions and 
health problems, self-rated health, and resilience scores. 
Adequate medication when ill in childhood is positively 
associated with health outcome at old ages and most of 
the estimates are statistically significant. Family economic 
condition and education are, in general, positively associ-
ated with health outcome, but most of the estimates are not 
statistically significant. Being currently married is signifi-
cantly associated with mental health (measured by nega-
tive emotion and MMSE) but not significantly associated 
with physical health (measured by IADL and number of 
chronic conditions or health problems) and subjective well-
being (measured by self-rated health and life satisfaction). 
The estimates show that number of living children was not 
significantly associated with health outcome, but social and 
leisure activity mostly had significant effects on health out-
comes at old ages.

Table 3.  Estimates of the Odds Ratios from Ordered Logit Models of the Effects of Study Covariates and the Significant Interactions 
on the Health Outcomes

IADL Disabled
Number of Chronic 

Conditions
Self-rated 

Poor Health
Self-rated Poor 

Life Satisfaction

Independent Variables Code of the model I-1 I-2 II-1 III-1 IV-1 IV-2
Neighborhood controls (centenarians’ children) 1.65** 1.98*** 1.49** 1.93*** 1.45** 2.72***
Age 1.15*** 1.15*** 1.04** 1.00 0.99 0.99
Male (female) 0.75+ 0.77 0.85 1.16 1.30+ 1.28+

Got adequate medication when ill in childhood (no) 0.41*** 0.77 0.97 0.69** 0.87 0.87
Family economic condition is good (no) 0.59+ 0.57* 1.02 0.42*** 0.29*** 0.29***
Has >1 year of schooling (no) 0.72+ 0.70* 1.13 1.06 0.83 0.83
Currently married (no) 1.05 1.03 0.85 0.89 0.89 0.88
Number of living children 1.01 1.01 0.99 1.06 0.97 1.07
Social and leisure activity index 0.72*** 0.72*** 1.04 0.80*** 0.87** 0.88*

F × E interaction terms (RERI)
“Controls” × “Got adequate medical care when ill in childhood” — 0.40* — — — —

“Controls” × “Number of living children” — — — — — 0.84*

LR chi2 234.8 239.6 31.7 96.1 80.5 85.3
Prob > chi2 0.000 0.000 0.000 0.000 0.000 0.000
Log likelihood: –2log(L) 1766.1 1761.3 2383.2 2509.0 2391.3 2386.4
Log likelihood change: = –2[log(L0) – log(L1)] 4.8* — — 4.9*

Notes: *p < .05, **p < .01, ***p < .001.
The category in the parentheses after the independent variables is the reference group.
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The Main Effects of the Familial Longevity Influence on 
Health Outcome

 Estimates of the main effects of the familial longev-
ity influence on health outcome from the regressions are 
presented in Figure  1 and in Tables 3 and 4. The results 
indicate that, compared to the centenarians’ children, the 
neighborhood controls without family history of longevity 
were 98% more likely to be IADL disabled (p < .001), 49% 
more likely to have a larger number of chronic conditions 
or health problems (p < .01), 93% more likely to report poor 
health (p < .001), 172% more likely to report poor life sat-
isfaction (p < .001), 63% more likely to suffer anxiety and 
loneliness (p < .01), 28% less likely to have better MMSE 
score (p < .01), and 33% less likely to have better simpli-
fied resilience score (p < .01). All of these estimates are 
adjusted for potentially confounding covariates, including 
demographic characteristics, childhood and adulthood SES, 
and family/social connection and support.

Effects of Interactions Between the Familial Longevity 
Influence and Environmental Factors (F × E Interactions)

Adopted from the standard definition of an interaction 
between environmental exposure and a genetic variant (10), 
we define that an interaction between an environmental 
exposure and familial longevity influence is present if the 
effect of an environmental exposure on a health outcome 
indicator differs significantly among individuals with 
different familial longevity influence statuses. In Tables 
3 and 4, we present the statistically significant (p < .05) 
estimates of the relative excess risk index (RERI) of health 
outcomes (30,31), due to the F × E interactions in models 
I-(2), IV-(2), and V-(2), together with the effects of familial 
longevity influence and environmental exposures(see SM-
II for technical details). Following the standard Aiken and 
West procedure (32), we conducted blocked multivariate 

regressions with the interaction term in the last block, and 
we presented the χ2 tests to show whether the difference 
of likelihood ratios between the full model including the 
interaction block and the model without the interaction 
block are statistically significant. Such tests also inform 
whether the last block of interactions included in the 
regression is statistically significant. The results of these 
additional tests (see the last a few lines of Tables 3 and 
4) confirm that the interactions between familial longevity 
influence and one of the three environmental factors 
(whether as children they received adequate medical 
care when ill, number of living children, and household 
economic conditions) are statistically significant (p < .05) 
in models I-(2), IV-(2), and V-(2) The significant results of 
these additional tests also imply that the likelihood of the 
Type 1 error in our estimates of the interaction effects may 
be small (33).

The possibilities of correlations between familial lon-
gevity influence and any one of the three environmental 
factors with statistically significant F × E interaction 
terms (RERI, listed in Tables 3 and 4) are ruled out by the 
statistical tests and regression analysis (see SM-III, Tables 
S2 and S3 in SM). Thus, the estimates of RERI in Tables 
3 and 4 represent the F × E interaction effects. The esti-
mates show that the F × E interactions between no fam-
ily history of longevity and receiving adequate medical 
care when ill in childhood significantly reduce the risk of 
IADL disability at old ages by 60% (p < .05) (see Model 
I-(2) in Table  3). F × E interactions between no family 
history of longevity and larger number of living children 
significantly reduce the risk of self-rated poor life satisfac-
tion by 16% (p < .05; see Model IV-(2) in Table 3). F × 
E interactions between no family history of longevity and 
good household economic condition significantly reduce 
the risk of anxiety and loneliness by 57% (p < .05; see 
Model V-(2) in Table 4).

Table 4.  Estimates of the Odds Ratios from Ordered Logit Models of the Effects of Study Covariates and the Significant 
Interactions on the Health Outcomes 

Dependent Variable Anxiety and Loneliness Better MMSE Score Better Resilience Score

Code of the model V-1 V-2 VI-1 VII-1
Neighborhood controls (centenarians’ children) 1.46* 1.63** 0.72** 0.67**
Age 1.02 1.02 0.94*** 0.96***
Male (female) 0.74* 0.75+ 1.46** 1.02
Got adequate medication when ill in childhood (no) 0.67* 0.66** 1.32* 1.32*
Family economic condition is good (no) 0.81 1.27 1.07 1.21
Has >1 year of schooling (no) 0.91 0.92 3.06*** 1.23
Currently married (no) 0.35*** 0.35*** 0.89 4.46***
Number of living children 0.96 0.96 0.99 1.07+

Social and leisure activity index 0.90+ 0.90+ 1.22*** 1.18**

F × E interaction terms (RERI)

“Controls” × “Household economic condition is good” — 0.43* — —

LR chi2 101.4 105.2 257.9 205.0
Prob > chi2 0.000 0.000 0.000 0.000
Log likelihood: –2log(L) 1551.6 1547.8 3596.9 2656.0
Log likelihood change: = –2[log(L0) – log(L1)] 3.8* — —

Notes: The same as in Table 3.
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In addition to analyzing the RERI of health outcomes due 
to the F × E interactions defined and discussed earlier, an 
intuitive way to present and interpret the F × E interaction 
effects is to compare the relative risks of health outcomes of 
those who are exposed or not exposed to the environmental 
factor within the group of centenarians’ children and 
within the neighborhood controls without family history of 
longevity (see Section SM-III of supplementary material for 
technical details). As shown in Table 5, receiving adequate 
medical care when ill in childhood may reduce the risk of 
IADL disability by 23.0% in the centenarians’ children 
compared to 57.1% in the neighborhood controls (model 
I-[2] in Table 5). Among centenarians’ children, increasing 
the number of living children by 1 may increase the risk of 
self-reported poor life satisfaction by 7.0% (not statistically 
significant), but it may reduce the risk of self-reported poor 
life satisfaction by 9.9% in neighborhood controls (model 
IV-[2] in Table  5). The estimates for model V-(2) shown 
in Table 5 show that good household economic condition 
may increase the risk of anxiety and loneliness by 27% 
(not statistically significant) among centenarians’ children; 
however, in the neighborhood controls, good household 
economic condition helped to reduce the risk of anxiety and 
loneliness by 45.4%.

Discussion
 We conducted multivariate logit regression analysis, 

employing the unique data from 417 children of centenar-
ians and 560 neighborhood controls who have no family 
history of longevity. We found that, compared to the neigh-
borhood controls who have no family history of longevity 
and adjusted for age, gender, and six major environmental 
factors, the elderly who have a centenarian parent have 
significantly better instrumental activities of daily living 
function (p < .001), smaller number of chronic conditions 
or health problems (p < .01), less anxiety and loneliness  
(p < .01), better cognitive function (p < .01), more resil-
ience (p < .01), better self-rated health (p < .001), and bet-
ter self-rated life satisfaction (p < .001). Based on these 
findings, we conclude that familial longevity influence 
(including influences of genetics and the family environ-
ment) is strongly and positively associated with physi-
cal health, mental health, and subjective well-being at 
old ages.

 The results also reveal that the interactions between 
familial longevity influence and the three environmental 
factors (whether as children they received adequate medi-
cal care when ill, number of living children, and house-
hold economic conditions) play some significant (p < .05) 
roles in determining the three health outcome indicators 
(IADL, self-rated life satisfaction, and anxiety-loneness) 
at old ages. We discovered that the effects of these envi-
ronmental factors on the health outcome indicators are 
substantially stronger among elders who have no family Ta
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history of longevity compared to centenarians’ children 
who likely carry genes and/or inherited healthy behavior 
and better family lifestyle from long-lived parents. This 
interesting finding may be understood from a more gen-
eral mechanism: in the absence of a given protective factor 
(eg, familial longevity influence), the other protective fac-
tors have stronger effects on health. This finding, although 
mixing genetic inheritance and family lifestyle, is gener-
ally consistent with other studies focusing on effects of 
interactions between genetic variants and behavioral/ 
environmental factors. For example, Zeng and colleagues 
found that the negative effects of the four life stress fac-
tors on self-rated health among the carriers of APOE4, a 
genotype that is associated with poor health and higher 
mortality (34,35), are much stronger than those among the 
APOE4 noncarriers (36). Talmud and colleagues found 
that middle-aged individuals with the D9N allele for lipo-
protein lipase had a markedly increased risk for ischemic 
heart disease when they smoked, whereas the risk associ-
ated with smoking was much less in those who did not 
carry the D9N allele (37).

 The findings of the present study could imply that, 
although familial longevity influence is one of the impor-
tant factors that determine health outcome, positive social/
behavioral/environmental factors may be significantly 
more important for those who do not have the advantage 
of family history of longevity, as compared to those who 
are with long-lived parents. Thus, in consideration of the 
cost–benefit effectiveness of health promotion programs 
and the stronger health assistance needs for the disadvan-
taged groups, future interventions may need to give more 

attention to and target those who do not have the advantage 
of familial longevity influence (38).

 Although we believe that our findings summarized 
and discussed herein are useful, we must be aware of 
their limitations and cautious in interpreting them. First, 
we consider our estimates concerning the effects of F × 
E interactions as exploratory rather than conclusive. In 
our statistical analysis, we constructed seven regression 
models and each of them has a health outcome indicator 
as dependent variables, representing different aspects of 
physical health, mental health, and subjective well-being. 
In each of the seven regression models, we tried to test 
our theoretical hypothesis concerning the interactions 
between familial longevity influence and each of the 
three environmental factors of childhood conditions, 
current economic status, and family support resources 
measured by number of living children. In total, we 
conducted 21 (= 3 × 7) statistical comparisons on F × E 
interactions. We believe that we do not need to follow the 
Bonferroni method (or other similar method) to correct 
the estimated p values through multiplying the p by 
number of comparisons, although we must be cautious in 
interpreting the results. This consideration is consistent 
with recommendations in the literature. For example, in the 
book Intuitive Biostatistics, Harvey Motulsky described 
both the importance of correcting multiple comparisons to 
prevent high risk of false-positive errors if the comparisons 
are independent of each other and how to do it; he also 
discussed that in many studies, investigators measure 
the health outcome using a variety of complementary 
measures; these data can lead to multiple p values but 

Figure  1.  Estimates of the odds ratios (ORs) from ordered logit models of the main effects of familial longevity influence on health outcome at old ages:  
neighborhood controls versus centenarians’ children, adjusted for various confounding factors.
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should not be corrected for multiple comparisons in 
order to avoid the too high costs of false-negative errors, 
because the null hypotheses are not independent and, to a 
large degree, the various outcomes measure the same thing 
(39). Similar points were emphasized and numerically 
demonstrated in the section entitled “When not to correct 
for multiple comparisons” in the Handbook of Biological 
Statistics by McDonald (40). Note that the multiple 
comparisons in our present study are not independent 
of each other, because we use highly correlated health 
outcome indicators as dependent variables in each of the 
seven regressions. Thus, we believe that there is no need 
to follow the Bonferroni method (or other similar method) 
to correct the estimated p values, because the costs of 
increasing the chance of false-negative errors may be 
too high. Of course, we must be cautious in interpreting 
our present findings concerning the interaction effects as 
exploratory, rather than conclusive, because our estimates 
may still potentially involve false-positive errors. Future 
studies need more stringent tests of the significance with 
larger samples and replication studies to validate our 
exploratory findings on the effects of interactions between 
familial longevity influence and the environment factors 
on health outcomes at old ages.

We are also aware that it is difficult to separate different 
causes of the association based on our present case–con-
trol analysis. Although familial longevity influence may 
positively affect the health of centenarians’ children, it 
might also be possible that having healthier children might 
help the parents’ exceptional longevity to some extent. 
Furthermore, we do not yet know the biological mecha-
nisms by which the degree of impacts of environmental fac-
tors on health outcome are substantially different between 
centenarians’ children and the neighborhood controls who 
have no family history of longevity. Clearly, more in-depth 
studies including more stringent tests of the significance 
and replication studies are warranted for deeper understand-
ing of the effects of interactions between familial longevity 
influence and environmental exposures on health outcome 
at old ages.
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