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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, heath status, health behaviors, home &
environment, and social participation with Cox proportiona 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 modé 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 socia 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.
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1. Introduction

With the advance of socia 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 alow
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”? Thisis 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 arearesearch  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) . Thereis 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



1989 to 2003. The research uses 4,049 cases survival statusin 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 pathwaysin 5 surveys during 1989-2003.



1989 2003

Condition Condition

Demographics Characteristics
(1) Age
(2) Gender
(3) Ethnicity
(4) Level of education
Health Status

Survival length (month) and status during

> the 14 years
(5) ADL function
(6) Physical function
(7) Depression
(8) Self-rated health
Health Behaviors
(9) Smoking ® Cox PH mode
(10) Chewing betel nut To find out some important variables affect
(11) Outdoor activity | survival status of the elderly
Home & Environment i
(12) Spouse ® Cox Frailty model
(13) Residential location Extension of Cox PH model includes
(14) Economic status unmeasured random effect to account for
Social Participation heterogeneity of the individuals
(15) Socia activity

Figurel The effect of the factors on the survival status of Taiwanese elderly during 5 waves of

survey from 1989 to 2003



2. Data and Method

2.1 Datadescription

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), occupationa 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 datafile in Department of Health
to get actual survival time (days) divided by 30 translate to month. Details of sampling and the
guestionnaire appear in the 1989 Survey of Health and Living Satus 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

4



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 , haf 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.



Table 1

Characteristics and status of respondents at initial interview in 1989 (N=4,049)

n % n %

Age Seffmmied hea b

6064 1482 26.60%| Good 1528 27.74%

6569 1152 28.45%)|  Fair 1494 26.90%

F0-74 725 1791%|  Poor 1027 25.36%

7519 438 10.82% | Seoking

ant 252 B22%|  Yes 2014 49.74%
Sender Mo 2035 50.26%

Female 1738 42.02% | Chewing bate! nut

Male 2311 57.08%| Yes 300 963%
Ethnicity No 3659 90.27%

Fukien 2477 61.18% | Outdoar activity

Hakka B3 14.89%|  Yes 3p12 89.21%

Mainlander Qoo 22.23%|)  HNo 473 11.68%

Aborigine 69 1.70%|Spouse
Level of sducation Tes 2603 64.29%

Nliterate 1685 41.62%| MNo 1446 25.71%

Elementary schocl (146 wears) Residentia! facation

mo formal education 15%, 39.42% Clity 1917 47.35%

Junior high school (79 years) 329 3.13%| Town 726 17.93%

Senior high school+ [lI:I+ Vears ) 439 10.384% Countryside 14060 34.72%
A DL function Eronoric status

Good 3282 8l.06%| Good 1683 41.57%

Fair 624 1541%|  Fair 1524 37.64%

Poor 143 3.53%| Poor 639 17.02%
Fhvsical function Missing 153 378%

Good 3361 83.01%|Sociafachvity

Fair 478 1181%| Yes 1523 3761%

Foor 210 5.19%| No 2526 62.29%
Denression

Good 3242 82.54%

Fair 613 15.14%

Poor a4 2.32%




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 X =min(T,C) and 6=1T <C), where 1(-) is
the indicator function. The survival data available in regression problems for right-censored time
data are independent observations on thetriple (X,8,2) ,where Z=(Z,,---,Z,)" isavector of
covariates. The vector Z may be a function of t, but the only requirement isthat Z(t) can be

determined from the observations up to time(t) .

Let T be a random variable representing lifetime. Then F(t,Z,)=Pr(T <t) is the
cumulative distribution function, f(t,Z,)=dF(T,Z,)/dt is probability density function and

St,Z,)=Pr(T >t)=1-F(t,Z,) iscaled thesurvival function of T , where Z denoted as the

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

The hazard function is expressed as follow:

Pt<T <t+At|T>t2)

2= T
i [FA+ALZ) —F(tZ))/At _ f(t,Z)
T AtS0 P(T Zt,Zt) B S(t,Zt) | n

Therelationsnipamong h(t,Z,), f(t,Z,) and S(t,Z,) are

S(t,2,) = exp[—j h(u, Z,)du] )

and

{(t,2)=h(t, ) expl—| h(u,Z,)du] 3

Cox (1972) proposed a proportional hazard model that specifies the hazard at time t for an
7



individual as given by

h(t) = h,(t)exp (£ 8,2) @)

whereh, (t) is referred to as the baseline hazard function and g = (4,, 8-, 8,)" are unknown

parameters of interest.
Let ty),ty,ty be the falure times. DenoteR(t) to be the set of individuals who are alive

and uncensored at atimejust prior to t;,. R(t) iscalled therisk set. Intuitively, givenR(t,) the

probability of an individual with covariate vector 7 dying at t, is

ht|z) _ e*

'ER(Z‘W h(t | ZI) 'ER(Z‘(Me/} | (5)

Because the exact likelihood function depends on both the nonparametric functionh, (t) and the
parameter 4, it might be difficult to estimateh, (t) and # simultaneously. To resolve this problem,
one solution is to find a modified function involving only 5. So, we can estimate 5 or make
inferences about § based on the partial likelihood function. Thus, the partial likelihood function
isgiven by

e’

-]
IER%:(‘)) eﬁ (6)

L(B) =1

where i indicates k observed event times, t .t ...t . Surviva 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 Z, =(Z,,Z,,--,Z,)
and Z; =(Z,,,Z;,,++,Z;) -

The ratio of hazards for the two individualsis



hi (t) ho (t)e7i g/
- = Zo-Z.)+... Z -7
hj () hy (t)e}/j =g exp{ ,(Z;, 11) +...+ B (Z, K )} o

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.



2.3 Inclusion of thefrailty 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 datain 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 a. (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
severa 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 « is an unobserved multiplicative effect on the hazard function assumed to

follow some distribution g(a) with « >0and the mean of g(a)equal to 1. The variance of
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d(a) isaparameter 0 (theta) that istypically estimated from the data. In statistical terms, afrailty
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 « multiplied by h(t), so it could be

lowers (0< « <1) or increases (o >1) theindividual risk.
h(t|a) =a-h(t) = a-hy(t)exp(Z'B) )
Another way to write the above model, showing how « fitsinto the error,e, is
h(t ) = hy(t) exp(Z'S +€)

where e=log(e). 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 «
power.

S(t|a) = S(t)“ ©)

Any distribution for « >0 with amean of 1 can theoretically be used for the distribution of

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

(1978); Vaupe et a.(1979) , the postive stable distribution  Hougaard (1986b) , a

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

Aaden (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 6 and typicaly yield similar results.

11



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 a. (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 a. (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 aso contribute substantialy to
mortality convergence at older ages  Horiuchi (1989); Horiuchi & Wilmoth (1998); Khazagli,
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)

12



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 hedth 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 a. (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 heath status, heath

behaviors and social relationships. The result shows education is insignificant and its direct effect

13



is only 17% after adjusted by other variables. Hedth status, health behaviors and sociad
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.

) ) Hedlth status
Educational attainment

Health behaviors

Other socio-demographic
factors

Social
relationships

Mortality at
older ages

Figure2 Causal model of factors affecting mortality of older Taiwanese  Liu et a.(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. (Educationt+ other socio-demographic factors) + Health status + Health behaviors +

14



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 socia 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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Table2  Variables description and hypothesisin 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 O; 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 ® 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

17



doing physical work around the house, riding the
bus or train, lifting, squatting, raising arms and
twisting. The summed scores @ 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

isthe reference group.

Living in city increases hazard rate

18



Economical status: two dummy variables with
Poor economical status has higher hazard
three values: good, fair and poor. Good is the
rate
reference group.

Social activity: participating social club denoted
Join social club has lower hazard rate
as 0; don't participating social club denoted as 1.

@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 Thesurvival analysisfor 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 al 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 variablesin 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 maleis 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
aborigineis 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 spouseis 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 residua 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

Made] 1 Madel 2 Madel 3 Madel 4 Model 5 Maodel &
WVaidahles Coeficent | Hazavdwto | Coeffrent | Bazavdisto] Coeffrent | Bazavdemto| Creffoent | Bazavdisto| Coeffeent | Hazavdeto| Coeffrent | Hazardwto
Age B4 1] 1 1] 1 1] 1 1] 1 1] 1 1] 1
BS54 039 1482 037 1457 0381 1404 | 0329 1461 0353 145 0348 1416
-4 1007 2796 0921 2513 0983 2671 0974 2614 | 08M 253% | 08% 2449
520 1418 414 1275 3570 135 451 1383 3895 1205 3338 1216 3372
20 182 £.187 1427 4.157 1812 £.121 1636 5.057 1344 3834 1380 i9%
Crendex Male 0490 1833 03l 1220 0.5 130 0545 1851 0493 lede | 0443 1 566
Feirale 1] 1 1] 1 1] 1 1] 1 1] 1 1] 1
Ethnicity Fulaen 1] 1 1] 1 1] 1 1] 1 1] 1 1] 1
Halda 002 102 0019 1019 0014 1014 | 0089 1 | 0B LEe | 00 105
Mainlande: .19 00 | 019 0519 | 0184 0&52 | D22 &2 | D28 0% | 0258 0772
Abongine 0349 1418 0271 1311 0.0a1 1062 | 0272 1317 | 0024 s | o0 105
Eduzation Mitesate 1] 1 1] 1 1] 1 1] 1 1] 1
Blerentazy school | 0.210 0s10 | 010 0aE | 0201 0als | 0146 0EsE | 0m 0913
Junior high sehool | 0368 g2 | 01w 0%z ) 0517 073 | 024 05 | 0145 0865
Benor hign school 037 g0 | 0215 Qam? | D25 072 | D0 o | 013 &
ADL funeton (rood 1] 1 1] 1 1] 1
Fair 0243 1245 0210 1221 0245 L7
Focr 0431 1617 0401 1493 0492 1536
Physical function (rood 1] 1 1] 1 1] 1
Fair 0395 1484 0324 1468 | 0371 1.449
Poct 0807 2241 0539 2313 0232 2208
Depession 0008 0232 .00 0935
Belf-iated health (rood 1] 1 1] 1 1] 1
Fair 0197 1217 0187 126 | 0185 1258
Focr 0552 1757 0513 L&D | 05t LESY
Bimoldng 0005 1.008 000 Loe | 000 1.00&
Chewing batel nut 0005 1.008 0005 1005 000 100
Crutdoc actvity Fes .25 0% L0124 0880
Na 1] 1 1] 1
Apouse Yes 1] 1 1] 1 1] 1
Na 0211 124 | 036 1.7 0238 1.%8
Fesidential location City 1] 1 1] 1
Tewm L0853 053 0057 0908
Coundiyside 004 10 | 00% 045974
Eeonoimis status (rood 1] 1 1] 1
Fair 0104 109 | 00x% 105
Pt 025 1245 | 0051 0550
Bocial aotivity Tes I 1 I 1
Mo 0132 1152 | 0070 1072
-Anlikelthood JIPTT R 31951 915 J1895 AT JIR05 2eEHEE 31103 3a4H4 31231 paTHeE
Sarple population: 4049

*p<.05; **p<.0L;*** p<.001
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Table4  Significant variables related to the elderly of six Cox proportion models

Model (Factor) Variables

Age, gender, ethnicity (mainlander vs. Fukien;
1. Demographic characteristics aborigine vs. Fukien) and level of education are

significant

Age, gender, ethnicity (mainlander vs. Fukien),
level of education (senior high school® vs.
illiterate), ADL function, physical function and
2. Demographic characteristics + health
self-rated health are significant
Status
Variable level of education (junior high school vs.
illiterate) is marginal significant

Variable depression isinsignificant

Age, gender, ethnicity (mainlander vs. Fukien),
3. Demographic characteristics + health
level of education, smoking, chewing betel nut
behaviors
and outdoor activity are significant

Age, gender, ethnicity (mainlander vs. Fukien),
4. Demographic characteristics + home | level of education, spouse, economical status and
& environment + social participation | social activity are significant

Variable residential location isinsignificant

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

ADL function, physical function, self-rated health,
5. Full model
smoking, chewing betel nut and spouse are
Demographic characteristics + health
significant
status + heath behaviorst home &
Level of education, depression, outdoor activity,
environment + social participation
residential location, economical status and social

activity areinsignificant
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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 (). 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( ,@S)/var( ,Bf ), which is based on the estimator ﬁf in the frailty-gamma model with respect to

based on the estimator ,Bs in the Cox PH Model.
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Table5  Fit of the Cox proportional hazard model and frailty-gamma model

Miethod Cox FH Model o Fraifty-gamma Model Fercent
Ciff im Coeff,*]  Relative
vatiable coef, | s, [wal x* [ coef, | se,  [wald i’ [ Efficiency”
o540 O35 O0Gaz | 3021 | 300ELE] 0335 ) O0MM | 3045 | 3A0ELS 0365 43149
.7 GO0s | SUETI | LAL0E | QOOE-CO] 1007 | QUOREL | LTSTE | COOEHD] 0102 TE43
nge S0 La0a | Qulrdesd | 24809 | QOOE-DO]  LATE | QUEEET | 24133 | CuddE-) 0174 T4
o 12 | QuatsE | A0T0T | QOGE-D]] L5 | QLL1SE | LSRR | CuldE ) D% [ ek
Crender bdale OA5E | QUGES | 4417 | I00E-L]) Q529 | QOTET| 45234 | 1LME-L] D7l T
Hakka 0045 | 00639 | 049 | 450ED1| G55 | 0T3S | 055 | 4.50ED] naln 755
Ettmicity Mamlander | 020 | 00633 ) 12 | 1LS0ELS] D306 | 00T 1827 | 1.90EHS Dz T
Aborgrne O3] dTel OU05 | 8A0EL1] QD0 | 00T 000 | 960E01 LT Wa3
ADL Function Fair 25| QUAET | 1495 | LIOELd] QU315 ) OOEG | 16000 | A0EDS DAasT 7104
Fiaon 0593 | G337 62 | 3MEDI] QATL [ QLTS Tl | GAOEDE DTS G4
o Fair OETS | QUreaL | 2563 | 4. 10E00] Q43T | Q0T | 2456 | SE0EDT DGE T1.21
Physical functice || osa|oa1ee | 5101 | saoe3| oo | ogeen| azss| 7e0en 0,125 60,54
Self-raed health Fail Ol | QOGaG | 1209 | SI0ELd] 0218 O0E1T ) 1250 | 4 10E1M N A
Pl 050 | QuG3T | GZILT | 3U0E-L5] Quedl | OU0feE | G551 | SA0E.LG DK T355
Smoking O | Qu0l4 | 1859 | 140600 Q00T | OUO0NG | 21006 | 4.50E0G [0 518
Chewing betel ma U5 | Qe S | LEDELE) Quode | D56 5% | LEJELZ DO 6797
Sprase ] D23 | QS | FE23 | 240EL6] Q29 | 00579 2SS0 | 2E0ELDT D0GL TEE
Thets | 0.353

2B, - B,;"100-[SE? SE2]

Table6  Likelihood ratio test for the hypothesis theta=0

Log L Mo frailty

Log L frailty

L.R. x°

p-value

War of frailty

-14951.71

-14974.5

14.42

=001

0.333
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4.3 Theeffect 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 socia 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 socia 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 al 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(e” —1) gives the percentage change in the hazard ratio with one-unit
change in education. In Model 7.4 the value of € for education is €% =0.976 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. Heath behaviors,
consisting of two variables in our research--years of smoking and years of chewing betel
nut--represents 10% of the total effect. Asfor social activity belonged to socia 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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Table7

Results of hazard rate regression on the mortality of older Taiwanese between 1989

and 2003 with continuous variable education

MGDEL 7. BEIDEL 7.2 MCOEL 7.2 EHKODEL 7.4
Wariable Coallicmnt | Hageed itie] Coslliint  |Hazard nbin Cmllasul Hazad iz Coaflicnasl Hazaad mulicy
Agw 64 0 L T 1 bH) 1 d 1
£ - 0% s | i) LIN =) 17 D3R ) el 0P = ] 14
.74 OED]  #+ ) Z4T DOTT s | EST LA R - Qigs e ] M
Ta 0 1700 1.34% 136G 4% | 3819 1375 s 1554 1.371 sl R
i I - 12IH 1725 %52 5.5l LVl il 1015 44| 5 5M
QT hfale LG hda 1.e47 D3] 4as 1.378 L 171 Q518 444 ] 1ETH
Faraale i 1 { 1 il 1 i |
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Abongme | OL0Ed 1065 L1140 1.114 {.JeE  * 1.441 L 1.35%
Fporme e ] L [l 1 LK 1 o 1
K- Ui_‘lb B iﬁ w RS I_Efqﬁ 'I:l__.'_'_:l-.l EE 12-53 'jg“” RS |£:|3
Educabion R EE LT 041 O] A B8R0 SLUIEAE v 9TE O0ded 445 ] GG
ADL Tmuchion hosaad 0 1
Fair (L s 1.253
s [L4TE e 1600
Fhrueal Mapctian Crocd Il L
Fair [LIT4 s 1.453
Foor OEdE e | 3330
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Fair Llgd ek 141
Poe | 0502+ | 165 |
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“herming betel mul g LG Libe [BLL
Sonnal activby s [l I u} ! 1 L] l 1
He | 04075 78| Gles e | 1187 | Gs3 s | 168
-2 Log Ullf'lil'{ﬂl 110149 s SlEy] A= 14714 ke il A

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

Table8 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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Table9

and 2003 with dummy variable education

Results of hazard rate regression on the mortality of older Taiwanese between 1989

MODE. T [ MODE. 73 MODE., 74
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Age e i 1 i 1] 1 i 1
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*p<.05; **p<.01; ***p<.001

Table10 Decomposition of total effect of educational attainment in elementary school on

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

Elementary Type of Effect Magnitude of effect | Percent of effect
school Total effect -0.208*** 100.00%
Direct effect -0.094 45.21%
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

Table11l Decomposition of total effect of educational attainment in junior high school on

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

Junior high

school

Type of Effect

M agnitude of effect

Per cent 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%
Social participation -0.016** 4.63%

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

Table12 Decomposition of total effect of educational attainment in senior high school” on

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

Senior high

school

Type of Effect

Magnitude of effect

Per cent 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%
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.
Hedth 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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