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ABSTRACT 

 With the advance of social economy and the system of medical treatment & health, the 

elderly people (65+) have almost taken up 10% of the population in Taiwan, and problems of the 

elderly have become a major concern of public health. This research aims at survival analysis and 

the effect of education on mortality of old Taiwanese. Data come from the survey of Health and 

Living Status of the elderly in Taiwan held by Taiwan Provincial Institute of Family Planning in 

Department of Health during the period in 5 waves survey (1989, 1993, 1996, 1999 and 2003) 

from 1989 to 2003. This study investigate the survival status of 4,049 cases of the elderly with 15 

variables related to demographic characteristics, health status, health behaviors, home & 

environment, and social participation with Cox proportional hazard model. The result shows that 

there 9 variables e.g. Age, Gender, Ethnicity, ADL (activity of daily living) function, Physical 

function, Self-rated health, Smoking, Chewing betel nut, and Spouse (marital status) are strongly 

related to the survival status of the elderly. Besides, a frailty model includes random component to 

account for extra variability from unobserved factors of the heterogeneity among individuals of 

Cox PH model is introduced. In addition, education mortality differentials at older ages is a topic 

of emerging interest. The impact of education on the mortality of the elderly in Taiwan is 

examined. We decompose the effect of education into the direct effect and the indirect effects by 

means of health status, health behaviors and social participation since the relationship between 

education and mortality involves a complex set of interrelations among various concepts. It shows 

that, of the total effect of education on the mortality of the elderly, about 65% represents indirect 

influences by the 3 mediating factors, particularly health status. On the other hand, the direct 

effect which might be affected by some additional interesting variables is not statistically 

significant. This is also hold where variable education is treated as categorical such as illiterate, 

elementary, junior high and senior high+. 

Key Words: survey of health and living status of the elderly, survival status, Cox 

proportional hazard model, frailty.



 

摘要 

 隨著社會經濟與醫療健康照護體系的進步，台灣老年人口(65歲以上者)已超過10%，老

年人健康問題已成為公共衛生所主要關心的目標。另外，教育程度不同和老人死亡率之間的

關係也是近年來新興的議題。本研究擬針對台灣地區老年人口進行存活分析並探討教育程度

的差異對死亡率的影響。吾等採用前衛生署家庭計畫研究所起始於 1989 年之 5 波(1989、

1993、1996、1999 及 2003)「臺灣地區老人保健與生活問題調查」資料，實際訪察 4,049

個案為研究對象蒐集其與背景特徵、健康狀況、健康行為、家庭環境、社會參與相關之 15

個變數進行Cox比例風險模式存活分析，結果顯示經由統計模式選擇，選出年齡、性別、族

群、ADL(獨立活動能力)狀況、體能狀況、健康自評、抽煙、嚼食檳榔、有無配偶等9個變

數為影響老人存活的重要指標當足以預測老人存活狀況;另外，我們亦考慮加入與個案間異

質性及未被觀查到的隨機效果因子(frailty)於Cox比例風險模型中以調整其風險函數。至

於教育程度差異與死亡率間的關係，基於死亡率乃係教育藉由社會、行為及健康相關因子所

形成之函數，本研究將教育分解為對死亡率之直接影響及藉由健康狀況、健康行為及社會參

與相關變數之間接影響。結果發現直接影響並不顯著而間接影響則佔有總影響之65%，其中

又以健康狀況因子之影響為最。另吾等將教育變數視為類別變項(文盲、小學、中學、高中

職以上)也有著相同的結果，發現隨著教育程度的提高間接影響也隨之增加。 

 

關鍵字:老人保健與生活問題調查、存活狀況、Cox比例風險模式、frailty 
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1. Introduction 

With the advance of social economy and the system of medical treatment & health, the 

structure of population in Taiwan has from high fertility rate and high death rate reduced to a low 

fertility rate and low death rate. Life expectancy in Taiwan is increasing since the decreasing of 

low death rate. Now the elderly people (65+) have almost taken up 10% of the population in 

Taiwan. Does “longevity” mean “more healthy”? This is the hot issue people want to know for the 

country with high ageing population. Some researchers indicate that female live longer than male; 

people who have spouses live longer than those who don’t; people with high socioeconomic status 

have lower hazard rate than those who with low socioeconomic status, etc. However, most of 

these studies are local area research 【Gove (1973); Hu & Goldman (1990); Tu (1985)】, and there 

have been less discussion on longitudinal study over a whole country. On the other hand, the 

influence of socioeconomic status on mortality is a concerned issue for demographer and 

educational attainment related to socioeconomic position has received increasing attention. 

Education is recognized as the most important socioeconomic determinant of mortality 

【Antonovsky(1967); Elo & Preston(1996); Kitagawa & Hauser(1973); Pappas, Queen, Hadden, 

& Fisher(1993); Preston & Taubman(1994)】. There is considerable evidence that an individual’s 

educational attainment is more strongly correlated with diseases and health risks than occupation 

and income 【Kitagawa(1972); Preston & Taubman(1994); Winkleby, Jatulis, Frank, & 

Fortmann(1992)】. Understanding the patterns of educational differentials in mortality can provide 

insight into future mortality and health trends that may prove useful policies and programs. 

 

This research aims at survival analysis and the effect of education on mortality of older 

Taiwanese. Data come from the survey of Health and Living Status of the elderly in Taiwan held 

by Taiwan Provincial Institute of Family Planning in Department of Health during the period from 
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1989 to 2003. The research uses 4,049 cases survival status in 5 waves survey (1989, 1993, 1996, 

1999 and 2003) to analyze the survival status of elderly with 15 variables related to demographic 

characteristics, health status, health behaviors, home & environment, and social participation. 

Through survival analysis, Cox proportional hazard model is employed to find some important 

variables that affect people who are above 60 years old. Figure 1 is the framework of the survival 

analysis for this study. We assume survival status (until April, 2003) is related to demographic 

characteristics, health status, health behaviors, home & environment, and social participation in 

1989. Also, we assume ADL (activity of daily living) function, physical function and self-rated 

health were good, never smoked and chewed betel nut; do outdoor activity and had spouse have 

lower hazard rate; the hazard rate of female is lower than male since the life expectancy of female 

is higher than male. Here, we define demographic characteristics, health status, etc. as factors, and 

age, gender, physical function, etc. as variables. For example, variables included in factor 

demographic characteristics are age, gender, ethnicity and level of education. Besides, a frailty 

model which is to incorporate an unmeasured “random” effect into the hazard function is 

considered for adjusting the heterogeneity of the subjects. In addition, the relationship between 

education and mortality involves a complex set of interrelations among various concepts. 

Mortality is a function of education through a number of intervening social, behavioral and 

biological factors. This study decomposes education to direct and indirect effects by means of 

health status, health behaviors and social participation to investigate the effect of education on 

mortality through the 3 pathways in 5 surveys during 1989-2003. 
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Figure 1  The effect of the factors on the survival status of Taiwanese elderly during 5 waves of 

survey from 1989 to 2003 
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2. Data and Method 

2.1 Data description 

This research adopts the survey of Health and Living Status of the elderly in Taiwan held by 

Taiwan Provincial Institute of Family Planning in Department of Health with assistance from the 

Population Studies Center and the Institute of Gerontology of The University of Michigan during 

the period from 1989 to 2003. The survey consisted of five waves (1989, 1993, 1996, 1999 and 

2003). Respondents were adults 60 years of age or older in 1989 residing in the 331 

non-aboriginal areas (countryside, town and city) of Taiwan, including those in institutions as well 

as regular households. The Wave 1 survey used a stratified three-stage probability sample, 

identifying 27 strata defined by three administrative levels, three levels of education, and three 

levels of the total fertility rate. The primary sampling unit was township, with block (Lin) as the 

second stage unit. Among 4,412 persons for the survey, 4,049 responded, yielding response rate of 

91.8% and followed up in 1993, 1996, 1999 and 2003. We track the survival status of the 

respondents over the 14-year period for which death data are available, and basic demographic 

characteristics (e.g., age, gender, level of education), occupational history, social relationships, 

health status and health care utilization determinants of survival using information reported in five 

survey waves. All of death cases are connected to cause of death data file in Department of Health 

to get actual survival time (days) divided by 30 translate to month. Details of sampling and the 

questionnaire appear in the 1989 Survey of Health and Living Status of the Elderly in Taiwan: 

Questionnaire and Survey Design【Hermalin, Liang, & Chang (1989)】. 

 

Table 1 shows the characteristics of the 4,049 respondents at the time of the initial interview 

in 1989. The age ratio of the elderly from 60 to 69 years old takes up two-thirds. As for gender, 

male outnumber female in the ratio of three to two. Ethnically, the percentage of Fukien people 

comprises 60%; mainlander is one-forth; Hakka is 15% and aborigine is only 1.7%. Regarding 
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education, most of the elderly have low level of education. The ratio of illiteracy is up to 40%; 

only one-fifth of the elderly have above junior high degrees. About the health status, over 

four-fifths of the elderly are in good condition in ADL function, physical function and depression; 

only one-third of the elderly are good in self-rated health. Regarding health behaviors, about half 

of the elderly are smokers; one-tenth of them are betel nuts chewers; 90% participated in outdoor 

activities in the past six months, like working on a farm, doing outdoor exercise or taking a walk. 

In relation to home & environment, about one-third of the elderly do not have spouses , half live 

in cities; one-third reside in countryside; one-fifth live in town and up to 80% have ideal economic 

status. In social participation, 40% of the elderly attended clubs. 
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Table 1  Characteristics and status of respondents at initial interview in 1989 (N=4,049) 
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2.2 Cox proportional hazard model for survival analysis 

For the censoring problem, let T  be the true lifetime and C  denote the censoring time. 

For the censoring case we only observe that min( , )X T C=  and ( )T Cδ = ≤1 , where ( )⋅1  is 

the indicator function. The survival data available in regression problems for right-censored time 

data are independent observations on the triple ( , , )X δ Ζ  , where )',,( 1 kZZ L=Ζ  is a vector of 

covariates. The vector Ζ  may be a function of t, but the only requirement is that )(tZ  can be 

determined from the observations up to time )(t . 

Let T  be a random variable representing lifetime. Then )Pr(),( tTZtF t ≤=  is the 

cumulative distribution function, dtZTdFZtf tt /),(),( =  is probability density function and 

),(1)Pr(),( tt ZtFtTZtS −=>=  is called the survival function of T  , where tZ denoted as the 

vector for independent variables and could be either time-dependent or time-constant covariates. 

 

The hazard function is expressed as follow: 
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The relationship among ( , )th t Z , ),( tZtf  and ),( tZtS are  

 
0

( , ) exp[ ( , ) ]
t

t uS t Z h u Z du= −∫  (2) 

and 

 
0

( , ) ( , ) exp[ ( , ) ]
t

t t uf t Z h t Z h u Z du= −∫  (3) 

Cox (1972) proposed a proportional hazard model that specifies the hazard at time t  for an 
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individual as given by  

 ( )0 1
( ) ( ) exp

p

i ii
h t h t zβ

=
∑=  (4) 

where )(0 th  is referred to as the baseline hazard function and ),...,,( 21 ′= pββββ are unknown 

parameters of interest. 

Let )()2()1( ,...,, kttt be the failure times. Denote )(tR  to be the set of individuals who are alive 

and uncensored at a time just prior to )(it . )(tR  is called the risk set. Intuitively, given )( )(itR  the 

probability of an individual with covariate vector
i

Ζ dying at )(it  is  
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Because the exact likelihood function depends on both the nonparametric function )(0 th and the 

parameterβ , it might be difficult to estimate )(0 th andβ  simultaneously. To resolve this problem, 

one solution is to find a modified function involving onlyβ . So, we can estimate β  or make 

inferences about β  based on the partial likelihood function. Thus, the partial likelihood function 

is given by  
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where i  indicates k  observed event times, )()2()1( ,...,, kttt . Survival analysis typically examines 

the relationship of the survival distribution to covariates. 

Model (4) is called a semi-parametric model because a parametric form is assumed only for 

the covariate effect. Consider, the individuals i  and j  with covariates 1 2( , , , )i i i ikZ Z Z Z= L  

and 1 2( , , , )j j j jkZ Z Z Z= L . 

The ratio of hazards for the two individuals is  
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which only depends on the difference between their linear predictor. The hazard ratio of any 

two individuals does not vary as the time changes.【Allison (1995)】 

Cox proportional hazard model is the most popular for analyzing survival data which is based 

on the assumption that the hazard of event in the comparison group is a constant multiple of the 

hazard of event in the reference group. As for investigating proportional hazards assumption of 

Cox model Therneau, Grambsch, & Fleming (1990) suggested a method of analysis of residual 

used to make sure that there is no systematic structure remaining in the data. The residual plot for 

each variable should be no discernible patterns of any kind. 
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2.3 Inclusion of the frailty to a survival model 

Frailty is a random component designed to account for extra variability from unobserved 

factors. The term frailty itself was introduced by Vaupel, Manton, & Stallard (1979) in univariate 

survival models and the model was substantially promoted by its application to multivariate 

survival data in a seminal paper by Clayton (1978) (without using the notion "frailty") on chronic 

disease incidence in families. The concept of frailty may be used to explain the unaccounted for 

heterogeneity which leads to the differential survival patterns of members of a population 

【Keiding, Andersen, & Klein (1997), Vaupel et al. (1979)】. Frailty models are extensions of the 

proportional hazards model which is best known as the Cox model, the most popular model in 

survival analysis. It provides a convenient way to introduce random effects, association and 

unobserved heterogeneity into models for survival data. In its simplest form, a frailty is an 

unobserved random proportionality factor that modifies the hazard function of an individual, or of 

related individuals. 

The frailty approach is a statistical modeling concept which aims to account for heterogeneity, 

caused by unmeasured covariates. One can distinguish two broad classes of frailty models: 

univariate frailty model and multivariate frailty model. In univariate frailty model (per subject 

basis) the unexplained heterogeneity varies from individual to individual and the frailty, the 

random effect, is an individual variable. In multivariate frailty model (grouping factor) the 

unexplained heterogeneity is shared among individuals and the frailty is a variable common to 

several individuals that are in units or groups chosen at random from the population (i.e. families, 

sibling groups). We focus on univariate case since the data in our research is on a per subject 

basis. 

The frailty α  is an unobserved multiplicative effect on the hazard function assumed to 

follow some distribution ( )g α with 0α > and the mean of ( )g α equal to 1. The variance of 
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( )g α is a parameter θ (theta) that is typically estimated from the data. In statistical terms, a frailty 

model is a random effect model for time-to-event data, where the random effect (the frailty) has a 

multiplicative effect on the baseline hazard function. Equation (8) is an individual’s hazard 

function conditional on the frailty can be expressed as α  multiplied by ( )h t , so it could be 

lowers ( 0 1α< < ) or increases ( 1α > ) the individual risk.  

 0( | ) ( ) ( ) exp( )h t h t h t Zα α α β′= ⋅ = ⋅  (8) 

Another way to write the above model, showing how α  fits into the error, e , is 

0( | ) ( ) exp( )h t h t Z eα β′= +  

where log( )e α= . Equation (9) using the relationship between the survival and hazard functions, 

the corresponding conditional survival function can be expressed as ( )S t  raised to the α  

power. 

 ( | ) ( )S t S t αα =   (9) 

Any distribution for 0α >  with a mean of 1 can theoretically be used for the distribution of 

the frailty. The frailty distributions most often applied are the gamma distribution 【Clayton 

(1978); Vaupel et al.(1979)】 , the positive stable distribution 【Hougaard (1986b)】 , a 

three-parameter distribution (PVF) 【Hougaard (1986a)】, the compound poisson distribution 

【Aalen (1988, 1992)】and the log-normal distribution 【McGilchrist & Aisbett (1991)】. 

Univariate frailty models are widely applied. With the mean fixed at 1, both these distributions are 

parameterized in terms of the variance θ  and typically yield similar results. 
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2.4 Conceptual model of the effect of education on mortality of older 

Taiwanese 

Educational mortality differentials at older is a topic of emerging interest. In the developed 

and some developing countries, most deaths occur at older ages 【Myers (1989); Yang (1993)】. 

Further improvement in life expectancy will occur mainly through mortality declines at older ages. 

If the inverse relationship between education and mortality persists throughout a person’s life 

course, one might expect further enhancement in human longevity as younger cohorts generally 

achieve higher education attainment than older cohorts. At the same time, there is some empirical 

evidence showing diminishing impact with age of educational attainment on mortality, a 

phenomenon also observable in terms of some other risk factors such as race and gender 

【Antonovsky (1967); Liu & Witten (1995); Manton & Stallard (1984); Vaupel et al. (1979)】. The 

process of human survival tends to select out more frail persons among the environmentally 

disadvantaged, so that the advantaged group (high level of education) eventually becomes more 

frail than their disadvantaged counterparts 【Vaupel (1990); Vaupel et al. (1979)】. When the 

change in population health composition is strong enough to offset the positive impact of 

favorable environment for the advantaged group, mortality convergence or crossover occurs. 

Other scholars argue that changes in an individual’s behavior and physiological functions, and 

economic, social and medical developments in a society may also contribute substantially to 

mortality convergence at older ages 【Horiuchi (1989); Horiuchi & Wilmoth (1998); Khazaeli, 

Xiu & Curtsinger (1995)】. Whatever the cause of these changes, there is strong evidence that 

educational differentials in mortality vary over the life cycle 【Antonovsky (1967); Preston & 

Taubman (1994)】. 
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Zimmer, Martin, & Lin (2003) use Gompertz regression model to find the factor which 

affect the mortality of old Taiwanese in four waves survey during 1989-1999. In addition to 

investigate some variables effect on elderly mortality, they find effects of education are attenuated 

after adding some health related variables. With the same data, Lin & Lin (2006) use 15 

independent variable, such as gender, ethnicity, level of education, residential location, economic 

status, spouse, physical function, ADL function, depression, etc. to investigate the factors 

associated with survival status of the elderly by six Cox proportional hazard models. Based on 

backward model selection, there are 10 variables related to survival status of the elderly in Taiwan. 

Also, they found level of education is not a significant variable related to mortality of the elderly. 

This is similar to the result of Zimmer et al. (2003). However, Liu, Hermalin, & Chuang (1998) 

indicated this might be owing to the indirect effect of education by means of health status, health 

behaviors and social relationships to affect the survival status of the elderly. 

 

Liu et al. (1998) pointed out mortality is a function of education through a number of 

intervening social, behavioral and biological factors. Figure 2 shows the effect of education on 

mortality by health status, health behaviors and social relationships. Demographic characteristics 

are treated as exogenous factors. Health status, health behaviors and social relationships serve as 

the endogenous factors. The influence of education on mortality is mostly indirect 【House et al. 

(1992); Kitagawa & Hauser (1973); Preston & Taubman (1994); Winkleby et al.(1992)】. The 

residual direct impact of education on the mortality of older Taiwanese is illustrated with a dotted 

line in Figure 2. Liu et al. (1998) use two waves of survey during 1989~1993 to investigate the 

effect of education on elderly mortality and find out the effect of education are not significant in 

the model. They consider education through out health status, health behaviors and social 

relationships indirect to affect elderly mortality. Their research decomposes the effect of education 

on mortality into the direct effect and the indirect effects by means of health status, health 

behaviors and social relationships. The result shows education is insignificant and its direct effect 
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is only 17% after adjusted by other variables. Health status, health behaviors and social 

relationships are 47.8%, 9.2% and 25.8% account for 83% of the indirect inference on education 

respectively and all significant. The relationship between education and mortality involves a 

complex set of interrelations among various concepts.  

 

Figure 2  Causal model of factors affecting mortality of older Taiwanese 【Liu et al.(1998)】 

 

Different from Liu et al. (1998) discuss two waves of survey, our research use five waves of 

survey during 1989-2003 with Cox proportional hazard model and investigate the trend of effect 

of education on elderly mortality. The following models will be used for exploring the direct and 

indirect effect of education on the mortality of the elderly in Taiwan.  

Model 1: (Education+ other socio-demographic factors) + Health status + Health behaviors + 

Educational attainment

Other socio-demographic 
factors 

Health status 

Health behaviors 

Social 
relationships 

Mortality at 
older ages 
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Social participation 

Model 2: (Education+ other socio-demographic factors) + Health behaviors + Social participation 

Model 3: (Education+ other socio-demographic factors) + Social participation 

Model 4: (Education+ other socio-demographic factors) 

According to the above models, four regression coefficients of education are adjusted by 

demographic variables, we decompose the effect of education into the direct effect and the indirect 

effects by means of health status, health behaviors and social participation then.  
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3. Measures 

The outcome measure for this research is survival time, which is indicated by registry 

information on data of death. A series of demographic characteristics, health status, health 

behaviors, home & environment and social participation are considered as predictors of survival 

time. Demographic characteristics measures are age, gender, ethnicity and level of education. 

Health status measures are ADL function, physical function, depression and self-rated health. 

Health behaviors measures are smoking history, chewing betel nut history, and outdoor activity. 

Home & environment and social participation measures are spouse, residential location, 

economical status, and social activity. All the variables were used to assess the mortality of the 

elderly. Table 2 lists the variables used in the analytical model. 

Most of the demographic characteristics, such as gender, ethnicity and level of education, do 

not change over time, but age do. All of the health characteristics, subject to change with time. An 

individual may develop a health problem or may recover from one. An individual who is married 

at one point in time may become widowed at a later date while still under observation. However, 

we do not have information on the exact day of a change in a covariate. Thus, we make use of the 

data provided from the most recent observation. Among the 15 variables, smoking and chewing 

betel nut are the actual total years of smoking and chewing betel nut. Other variables are treated as 

dummy variables. All the variables were used to assess the mortality of the elderly. Table 2 is the 

description of the variables used in the analytical model. 
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Table 2  Variables description and hypothesis in analytical model to assess the rate of death in 

elderly 

Possible variables Prospective influence to death 

Age: according to birthday. Four dummy 

variables with five groups: “60-64”, “65-69”, 

“70-74”, “75-79” and “80+”years old. “60-64” is 

the reference group. 

More aged cause higher hazard rate 

Gender: female denoted as 0; male denoted as 1. Female has lower hazard rate than male 

Ethnicity: three dummy variables with four 

groups: Fukien, Hakka, mainlander and 

aborigine. Fukien is the reference group 

Mainlander have lower hazard rate than 

others 

Level of education: measured as the total number 

of years in school. Three dummy variables with 

four groups: illiterate, elementary school (1-6 

years in school) /self-taught, junior high school 

(7-9 years in school) and senior high school+ (10 

or more years in school). Illiterate is the reference 

group. 

Higher educational level and higher living 

standard have lower hazard rate 

ADL function: the index of shopping, 

management money, making a telephone call and 

bathing. The summed scores a can be divided to 

good (10+), fair (5~9) or poor (0~4). Two dummy 

variables with three values: good, fair and poor. 

Good is the reference group. 

Higher ADL function has lower hazard rate 

Physical function: the index of walking up two or 

three flights of stairs, walking 200-300 meters, 

Higher physical function value has lower 

hazard rate 
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doing physical work around the house, riding the 

bus or train, lifting, squatting, raising arms and 

twisting. The summed scores a can be divided to 

good (17+), fair (8~16) or poor (0~7). Two 

dummy variables with three values: good, fair 

and poor. Good is the reference group. 

Depression: the index of feeling poor appetite, 

having bad mood, feeling not make a success of 

everything, poor sleeping, feeling lonely, feeling 

everyone not friendly and having no vitality to do 

everything. Then summed scores. 

Higher depression score has higher hazard 

rate 

Self-rated health: based on a question that asks 

respondents to rate their overall health as good (1, 

2), fair (3) or poor (4, 5). Two dummy variables 

with three values. Good is the reference group. 

Higher self-rated health value has higher 

hazard rate 

Smoking: actual years of smoking 
More years of smoking has higher hazard 

rate 

Chewing betel nut: actual years of chewing betel 

nut 

More years of chewing betel nut has higher 

hazard rate 

Outdoor activity: never do outdoor activity 

denoted as 0; do outdoor activity denoted as 1. 
Do outdoor activity has lower hazard rate 

Spouse: married and spouse still alive denoted as 

0, others denoted as 1. 
Married with spouse has lower hazard rate 

Residential location: two dummy variables with 

three locations: city, town and countryside. City 

is the reference group. 

Living in city increases hazard rate 
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Economical status: two dummy variables with 

three values: good, fair and poor. Good is the 

reference group. 

Poor economical status has higher hazard 

rate 

Social activity: participating social club denoted 

as 0; don’t participating social club denoted as 1. 
Join social club has lower hazard rate 

a Survey questions ask about the ability to carry out normal daily tasks. Respondents were asked 

about 12 such items in 1989 (shopping, management money, making a telephone call, bathing, 

walking up two or three flights of stairs, walking 200-300 meters, doing physical work around the 

house, riding the bus or train, lifting, squatting, raising arms and twisting); and for each, 

respondents were asked whether they could perform the task without difficulty, with a little 

difficulty, with a lot of difficulty, or not at all. To create the index we scored response for each 

individual activity from 0 to 3 (without difficulty=3; …; not at all=0). We then summed the scores 

for each index items.
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4. Results 

4.1 The survival analysis for the elderly in Taiwan 

Based on the framework of Figure 1, we have 6 Cox proportional hazard models to interpret 

the elderly Taiwanese data. Table 3 is the results of regression coefficient and it exponentiated 

value hazard ratio of the six models. Model 1 contains regression estimates of variables related to 

demographic characteristics only. The following 3 models are estimates of the increased forms 

each adding variables related to factor health status, health behaviors and home environment & 

social participation from model 1 respectively. Model 5 is the full model includes all the 15 

variables. Based on backward model selection in Model 5, we have parsimonious Model 6 in 

which 9 variables are significantly related to survival status. 

  

The hazard ratios of all significant variables in Model 6 are explained as follows: 

Age: Older people have higher hazard ratio than younger. The hazard ratio of age 80+ is 4 

times of age 60-64. 

Gender: The hazard ratio of male is 1.6 times of female. 

Ethnicity: The hazard ratio of mainlander is lower than others. The hazard ratio of 

mainlander is 0.77 times of Fukien’s; the ratio of Hakka is 1.03 times of Fukien’s; the ratio of 

aborigine is 1.02 times of Fukien’s. 

ADL function: The hazard ratio of common ADL function is 1.28 times of good’s; the ratio 

of bad ADL function is 1.64 times of good’s.  

Physical function: The hazard ratio of common physical function is 1.45 times of good’s; the 

ratio of bad physical function is 2.30 times of good’s.  

Self-rated health: The hazard ratio of common self-rated health is 1.20 times of good’s; the 
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ratio of bad self-rated health is 1.67 times of good’s.  

Smoking: The more years smoking the higher hazard ratio get. The hazard ratio increased 

1.006 times with increasing one-year smoking. 

Chewing betel nut: The more years chewing betel nut the higher hazard ratio get. The hazard 

ratio increased 1.005 times with increasing one-year chewing betel nut. 

Spouse: The hazard ratio of no spouse is 1.27 times of have spouse. 

 

Table 4 compiles significant variables related to the survival status of the elderly of six Cox 

proportional hazard models. The nine variable of parsimonious survival Model 6 could be used for 

predicting the survival status of the elderly in Taiwan. Also, based on the residual plots of the 

analysis of residual for each variable are no discernible patterns of any kind (not shown), the 

proportional hazard assumption of the model seems reasonable. 
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Table 3  Results of hazard ratio on the mortality of older Taiwanese 

 

*p<.05; **p<.01;***p<.001 
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Table 4  Significant variables related to the elderly of six Cox proportion models 

Model (Factor) Variables 

1. Demographic characteristics 

Age, gender, ethnicity (mainlander vs. Fukien; 

aborigine vs. Fukien) and level of education are 

significant 

2. Demographic characteristics + health 

status 

Age, gender, ethnicity (mainlander vs. Fukien), 

level of education (senior high school+ vs. 

illiterate), ADL function, physical function and 

self-rated health are significant 

Variable level of education (junior high school vs. 

illiterate) is marginal significant 

Variable depression is insignificant 

3. Demographic characteristics + health 

behaviors 

Age, gender, ethnicity (mainlander vs. Fukien), 

level of education, smoking, chewing betel nut 

and outdoor activity are significant 

4. Demographic characteristics + home 

& environment + social participation 

Age, gender, ethnicity (mainlander vs. Fukien), 

level of education, spouse, economical status and 

social activity are significant 

Variable residential location is insignificant 

5. Full model 

Demographic characteristics + health 

status + health behaviors+ home & 

environment + social participation  

Age, gender, ethnicity (mainlander vs. Fukien), 

ADL function, physical function, self-rated health, 

smoking, chewing betel nut and spouse are 

significant 

Level of education, depression, outdoor activity, 

residential location, economical status and social 

activity are insignificant 
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6. Parsimonious model based on model 

selection of Model 5 

Age, gender, ethnicity, ADL function, physical 

function, self-rated health, smoking, chewing betel 

nut and spouse  
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4.2 Comparison of Cox proportional hazard model and Cox 

frailty-gamma model 

To account for such unobserved heterogeneity in the study population Vaupel et al. (1979) 

introduced univariate frailty models into survival analysis. Output from running a Cox 

proportional hazard model without frailty (Model 6) and Cox frailty-gamma model is shown on 

Table 5. Cox frailty-gamma model is the same model as Cox proportional hazard model except 

that a frailty component has been included. The frailty in Cox frailty-gamma model is assumed to 

follow a gamma distribution with mean 1 and variance equal to theta (θ ). Because the gamma 

distribution is a two-parameter distribution and the mean is set at 1, we need only estimate its 

variance to fully specify the frailty distribution. The estimate of theta is 0.353. Likelihood ratio 

test for the hypothesis theta=0 in Table 6 indicates a highly significant p-value. This means the 

frailty model would be more suitable for our data than Cox proportional hazard model. Notice all 

the parameter estimates are altered with the inclusion of the frailty. The inclusion of frailty has an 

impact on the parameter estimates. Also, we compute the percent relative efficiency of 

var( ˆ
sβ )/var( ˆ

fβ ), which is based on the estimator ˆ
fβ  in the frailty-gamma model with respect to 

based on the estimator ˆ
sβ  in the Cox PH Model. 
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Table 5  Fit of the Cox proportional hazard model and frailty-gamma model 

 

a ˆ ˆ
f sβ β− ;b 2 2100 [ / ]s fSE SE

∧ ∧

⋅  

 

Table 6  Likelihood ratio test for the hypothesis theta=0 
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4.3 The effect of education on mortality of the elderly 

The model used for exploring the effect of education on mortality of the old people is 

similar to the parsimonious 9 variables survival model of former section except they have one 

more variable social activity. Here we use education to investigate the trend of Model 7.1 (direct 

effect) and Model 7.4 (total effect) to illustrate the effect of educational attainment on elderly 

mortality. Table 7 shows the result of four hazard rate regression models. The model 7.1 in Table 7 

is a full model with both exogenous (level of education and other demographic characteristics) 

and mediating (health status, health behaviors and social relationships) variables included, which 

estimate the direct effect of education on the mortality of Taiwanese elderly. The influence of 

education on mortality is mostly indirect mediated by health status, health behaviors and social 

relationships. The following three models (Model 7.2-7.4) are the estimates of the reduced forms 

with each omitting a mediating factor from the previous model. Model 7.1 presents the direct 

effect of education on the death rate while Model 7.4 presents the total effect of education on the 

mortality data. The regression coefficients of education in all four models are all negative. This 

means the hazard rate decreases when years of education increase. Model 7.1 shows the smallest 

effect of education on the coefficient (-0.00867) and Model 7.4 the largest (-0.02464). The 

exponentiated value of 100( 1)be −  gives the percentage change in the hazard ratio with one-unit 

change in education. In Model 7.4 the value of be  for education is 0.02464 0.976e− =  means a 

2.4% reduction in the death rate over 14 years with a 1-year increase in education, after 

controlling for age, gender, ethnicity and spouse.  

 

Table 8 is the decomposition of the total effect of education on the mortality of Taiwanese 

elderly between 1989 and 2003. Of the total effect of educational attainment on mortality 

(-0.02464), about 65% represents indirect influences by means of health status, health behaviors 

and social participation. Health status, consisting of three major dimensions in our research--ADL 
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function, physical function and self-rated health--is shown to be the leading factor transmitting the 

impact of education on the mortality. There is about 46% of the educational influences on 

mortality operate through health status while controlling for other 3 factors. Health behaviors, 

consisting of two variables in our research--years of smoking and years of chewing betel 

nut--represents 10% of the total effect. As for social activity belonged to social participation factor 

which represents 9% of the total effect. Besides treated education as a continuous variable, we 

consider the categorical variable education as 4 levels: illiterate, elementary, junior high and 

senior high+ and find out the percent of indirect effect increases with higher level of education. 

The results are shown from Table 9 to Table 12. 
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Table 7  Results of hazard rate regression on the mortality of older Taiwanese between 1989 

and 2003 with continuous variable education 

 
*p<.05; **p<.01; ***p<.001 

Table 8  Decomposition of total effect of educational attainment on mortality into direct and 

indirect effects 

Type of Effect Magnitude of effect Percent of effect 

Total effect -0.02464*** 100.00% 

Direct effect -0.00867 35.19% 

Indirect effect -0.01597*** 64.81% 

 Health status  -0.01130***  45.86% 

 Health behaviors  -0.00251***  10.19% 

 Social participation  -0.00216**  8.77% 

**p<.01; ***p<.001 
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Table 9  Results of hazard rate regression on the mortality of older Taiwanese between 1989 

and 2003 with dummy variable education 

 

*p<.05; **p<.01; ***p<.001 

Table 10  Decomposition of total effect of educational attainment in elementary school on 

mortality into direct and indirect effects with illiterate as a reference group 

Type of Effect Magnitude of effect Percent of effect 

Total effect -0.208*** 100.00% 

Direct effect -0.094 45.21% 

Elementary 

school 

Indirect effect -0.114*** 54.79% 
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 Health status  -0.112***  53.94% 

 Health behaviors  0.010***  -4.91% 

 Social participation  -0.012**  5.76% 

**p<.01; ***p<.001 

Table 11  Decomposition of total effect of educational attainment in junior high school on 

mortality into direct and indirect effects with illiterate as a reference group 

Type of Effect Magnitude of effect Percent of effect

Total effect -0.350*** 100.00% 

Direct effect -0.148 42.27% 

Indirect effect -0.202*** 57.33% 

 Health status  -0.173***  49.29% 

 Health behaviors  -0.013***  3.81% 

Junior high 

school 

 Social participation  -0.016**  4.63% 

**p<.01; ***p<.001 

Table 12  Decomposition of total effect of educational attainment in senior high school+ on 

mortality into direct and indirect effects with illiterate as a reference group 

Type of Effect Magnitude of effect Percent of effect

Total effect -0.345*** 100.00% 

Direct effect -0.135 39.15% 

Indirect effect -0.210*** 60.85% 

 Health status  -0.147***  42.60% 

 Health behaviors  -0.033***  9.56% 

Senior high 

school+ 

 Social participation  -0.030**  8.69% 

**p<.01; ***p<.001 
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5. Conclusion 

The research investigates 15 variables related to 4,049 elderly cases survival status of the 

elderly during 1989 to 2003 in Taiwan through backward model selection of Cox proportional 

hazard model and find some significant variables such as age, gender, ethnicity, ADL function, 

physical function, self-rated health, smoking, chewing betel nut and spouse to affect the survival 

status of the people who are above 60 years old. These variables verify the assumption that ADL 

function, physical function and self-rated health were good, never smoked, chewed betel nut, do 

outdoor activity, female, younger age and had spouse in 1989 have lower hazard rate. They are 

good prediction index for survival status of the elderly in Taiwan. Residual plots for each variable 

(not shown) show that the proportional hazard assumption of the Cox model is reasonable. Also, 

the Cox model with gamma frailty includes extra variability from unobserved factors might be 

more suitable than the standard Cox PH model to our data. Table 5 is the result of difference 

between the 2 models. 

Education is widely perceived as the single most important socioeconomic determinant of 

mortality. Education attainment would influence mortality through its effects on health status, 

health behaviors and social participation. This research decomposes the effect of education into 

the direct effect and the indirect effects by means of health status, health behaviors and social 

participation. The effect of education attainment on the mortality of the elderly Taiwanese, about 

65% represents indirect influences by the 3 mediating factors, particularly health status. Education 

has a moderate but clear association with ADL function, physical function and self-rated health, as 

might be expected from a more education person will benefit from higher income, safer 

occupations, less environmental risks, better housing and great access to health care resources. 

Health status in 1989 is strongly predictive of survival status over the 14-year period. 

Consequently, Health status account for most of the indirect effect of education on mortality. 
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Health behaviors have a moderate relationship between education and mortality among the elderly 

Taiwanese. The more educated persons are less likely to be smokers and betel nut chewer, 

smoking and chewing betel nut have a strong negative effect on survival. Both linkage patterns 

contribute to higher survival rate for more educated people. As a consequence, health behaviors 

account more than 10% of the indirect effect of education on mortality. There is a moderately 

positive and significant relationship between social participation and education, in turn, 

contributes indirectly to the mortality differentials by educational attainment. About 9% of the 

indirect effect of education on mortality is accounted through social participation. Besides treated 

education as a continuous variable, we consider the categorical variable education as 4 levels: 

illiterate, elementary, junior high and senior high+ and find out the percent of indirect effect 

increases with higher level of education. 
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