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Abstract
The objective of our study was to investigate whether life satisfaction and depressive symptoms
are independent predictors of mortality in a non-Western sample of adults. The sample included
5,131 adults (aged 50 – 95 at baseline) in Taiwan who participated in the Survey of Health and
Living Status of the Near Elderly and Elderly. There were 1,815 deaths recorded over a 10-year
period. Higher life satisfaction significantly predicted lower risk of mortality after controlling for
age, sex, education, marital status and health status. Depressive symptoms significantly predicted
higher risk of mortality. A significant interaction with age revealed that the protective effect of life
satisfaction weakened with age. The results suggest that life satisfaction and depressive symptoms
independently predict mortality risk in adults.
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Introduction
Prospective studies have shown that positive well-being influences risk of adverse medical
events and mortality. In the present study, we focus on the association between mortality
risk and two psychological variables that are frequently measured in demographic and health
surveys—life satisfaction and depressive symptoms—during a ten year follow-up of adults
in Taiwan.

Many studies demonstrate that depressive symptoms increase the risk of mortality in adults
(Blazer, 2003). In the U.S., the effect appears to be similar among Whites, African
Americans and Hispanics, but may be stronger for men compared to women (Schulz,
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Drayer, & Rollman, 2002). Researchers are increasingly attentive to the mechanisms
through which depressive symptoms impact health and mortality. For example, there is a
strong relationship between depressive symptoms and cardiovascular disease and mortality,
suggesting that the physiological consequences of psychological distress may lead to higher
risk for mortality. (Schulz et al., 2002).

Other studies have focused on the role of positive mental well-being in health and mortality
(Koivumaa-Honkanen et al., 2000; Lyyra, Törmäkangas, Read, & Taina Berg, 2006; Maier
& Smith, 1999). Positive well-being is not simply the absence of negative well-being
(Diener, Scollon & Lucas, 2003). Studies suggest that positive and negative well-being
involve distinct activation of physiological and neurobiological systems.(Hamer, 1996;
Panksepp & Miller, 1996; Pressman & Cohen, 2005; Ryff et al., 2006) and operate in
parallel rather than being bi-polar opposites (Cacioppo & Bernston, 1999; Cacioppo,
Garnder, & Bernston, 1999). It is generally accepted that there are three independent facets
of positive well-being: positive affect, negative affect and life satisfaction (Diener et al.,
2003). Although there have been studies examining the connections between all of these
facets and health, we focus on life satisfaction because it reflects current quality of life
judgments that are based on individuals’ own criteria for success and happiness (Okun &
Stock, 1987) and may be more stable than measures of affect (Schimmack & Oishi, 2005).
Life satisfaction measures vary in their composition, but generally, they tap trait levels of
positive affect as well as cognitive assessments of the extent to which a person’s life
matches his or her expectations (Okun & Stock, 1987).

Life satisfaction has been shown to predict mortality risk in Western populations (Lyyra,
Tormakangas, Read, & Taina Berg, 2006; Maier & Smith, 1999). Lyyra et al. (2006) found
that lower life satisfaction increased risk of dying in a community based sample of
octogenarians (N=320). In a sample of adults from the Berlin Aging Study (N=516),
satisfaction with aging predicted lower mortality risk of adults over a three-year period
(Maier & Smith, 1999). Studies using population representative samples have shown
associations between life satisfaction and fatal injury and all-cause mortality. Koivumaa-
Honkanen et al. (2000) found that life dissatisfaction was a predictor of fatal injury during a
20-year follow-up (Koivumaa-Honkanen, Honkanen, Koskenvuo, Viinamaki, & Kaprio,
2002). Life satisfaction exerted a significant protective effect on all-cause mortality in a 20-
year prospective cohort study of Finnish adults, although the relationship was significant
only for men and was partially mediated by health related behaviors (Koivumaa-Honkanen
et al., 2000).

Theoretical models of successful aging identify the pathways through which having higher
life satisfaction over the lifespan may be beneficial to health. For example, life satisfaction
may reveal how well one has adapted to the cumulative losses associated with aging
(Brandstadter & Greve, 1994; Folkman, 1997; Rothbaum, Weisz & Snyder, 1982). Studies
of coping in adulthood suggest that individuals use “assimilative” and “accommodative”
actions to stabilize and protect their mental well-being from the biological, psychological
and social changes inherent in the aging process (Brandstadter & Greve, 1994). In the
context of health, assimilative activities can involve efforts to make positive lifestyle
changes such as implementing and maintaining health regimens or fitness, and may also
include compensatory behaviors, such as using external aids to improve physical
functioning. Accommodative behaviors involve negotiating desired goals and expectations.
Higher life satisfaction and a positive view of self is an indication of an individual’s
flexibility in disengaging from or adjusting goals that are no longer attainable (Brandstadter
& Renner, 1992; Rasmussen, Wrosch, Scheier & Carver, 2006). For example, Cheng (2004)
found that while the gap between individuals’ desired and actual selves in the domain of
health increases with age, the psychological impact of this discrepancy is compensated for
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by fewer discrepancies in other domains (e.g., relational). Life satisfaction does not appear
to be greatly affected by aging related deficits in health because of individuals’ behavioral
and psychological adjustment. Thus, higher life satisfaction may be an indication of how
well individuals have coped with increased discrepancies in health as they age.

Several studies have shown that psychological variables may matter less to health at older
ages (Schulz, et al., 1996), while others have found that the relationship strengthens with age
(Duberstein, Sorensen, Lyness, King, Conwell, et al., 2003). The former outcome suggests
that psychological variables become less important in the face of age-related health decline
while the latter indicates that physical vulnerability amplifies the effects of negative well-
being (e.g. high neuroticism) (Duberstein et al., 2003). We address the possibility that the
relationship between psychological variables and mortality changes with age by including
both life satisfaction and depressive symptoms as well as interactions between age and the
psychological variables in our models. We also include extensive controls for health status
in order to reduce the possibility that poorer health drives the relationship between life
satisfaction and mortality.

Another important feature of the present study is its focus on the relationship between life
satisfaction and health in a non-Western sample. A previous study of the Survey of Health
and Living Status found that life satisfaction was a significant predictor of the survival of
adults in Taiwan even with controls for SES and several measures of objective health status
(Mete, 2005). However, Mete (2005) found that the relationship was largely accounted for
by self-evaluated health. We build on Mete’s (2005) study by analyzing three additional
years of follow-up survey data. We also include depressive symptoms as well as interactions
between the psychological variables and age. Given the previous literature demonstrating
associations between both life satisfaction and depressive symptoms and mortality, we
tested whether life satisfaction and depressive symptoms independently predicted mortality
in a Chinese sample over a ten year follow-up period (1996 – 2006).

Method
Study Participants

The data come from a nationally-representative random sample of adults (aged 50 – 95) in
Taiwan who participated in the Survey of Health and Living Status of the Near Elderly and
Elderly. The oldest cohort comprises 4,049 respondents (aged 60 and up) who were first
interviewed in 1989; in 1996, a cohort of 2,462 respondents (aged 50 – 66) was added.
Follow-up interviews were conducted with both cohorts in 1999 (n = 4,440; 90% of
survivors) and 2003 (n = 3,778; 92% of survivors) (Chang & Hermalin, 1998a; Chang &
Hermalin, 1998b; Hermalin, Liang, & Chang, 1989). Survival status (as of December 31,
2006) and date of death were verified by linking the survey data to the Death Certificate file
maintained by the Taiwan Department of Health and to the Household Registration file
constructed by the Taiwanese Ministry of the Interior. In the current analysis, we use
interview data from 1996, 1999 and 2003 and survival status through 2006. The available
sample comprises 5,131 survivors at the time of the 1996 survey, 1,815 of whom died by
December 31, 2006 (1,102 men and 714 women). Decedents were observed an average of
5.1 years (range 0.01 – 10.6) prior to their death, whereas those who survived to 2006 were
followed for an average of 10.2 years (range 2.9 – 10.7). The average number of years
between the date of the last interview and death was 1.75 years for those under age 63, 1.79
years for those between the ages of 63 and 77, and 1.65 years for those over age 78.

Respondents who were lost-to-follow-up (LFU) during the observation period included
individuals who were alive but not interviewed, those who were missing data on the
variables in the analysis, individuals who had unknown vital status, and individuals who had
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emigrated before December 31, 2006. Four hundred sixteen respondents had no valid data in
1996, 1999 and 2003, and thus were excluded from the analysis. There were 3,668
respondents with complete data. The remaining 1,365 respondents had valid data for at least
one wave but were LFU for one or two waves; these respondents did not contribute data for
periods in which they were LFU. For example, if a respondent was interviewed in 1996,
LFU in 1999, and interviewed in 2003, s/he would contribute data for 1996-1998 and
2003-2006 (but not 1999-2002). Persons who had unknown vital status or who emigrated
were censored at their last date of interview.

We compared the sociodemographic characteristics of respondents who were LFU for one
or more waves to those with complete data (n = 3,668). Respondents who had no valid data
for any of the three waves (n = 416) were significantly (p < .001) older at baseline (M =
74.46, SD = 9.06) and had fewer years of education (M = 3.52, SD = 4.71) compared to
those with complete data (M = 65.53, SD = 8.95 and M = 4.82, SD = 4.55, respectively).
Similarly, those who were LFU for one or two waves (n = 1,365) were significantly (p < .
001) older at baseline (M = 68.87, SD = 10.00) and had fewer years of education (M = 4.27,
SD = 4.71) compared to those with complete data.

Measures
Life Satisfaction—Life satisfaction was measured using items adapted from the 20-item
Life Satisfaction Index (LSIA) (Neugarten, Havighurst, & Tobin, 1961) and modified for
use with Taiwanese respondents. Subscales of the LSIA are comparable to other measures of
life satisfaction that are typically used (Nezlek, Richardson, Green & Schatten-Jones, 2002;
Stock, Okun, & Benin, 1986). Still, the LSIA has been shown to encompass other aspects of
subjective well-being compared to more recent measures of life satisfaction, such as
Diener’s Satisfaction with Life Scale (Diener, Emmons, Larsen & Griffin, 1985). For
example, the LSIA captures mood tone, zest versus apathy, congruence between desired and
achieved goals, and self-concept (Okun & Stock, 1987; Neugarten et al., 1961).

We originally used eight items adapted from the LSIA. We removed two items because we
found that they cross-loaded with the CES-D. We removed one additional item because we
discovered an inconsistency in respondents’ answers to the question. The remaining five
items loaded highly on one factor (eigenvalues were 3.83 in 1996, 2.56 in 1999 and 2.30 in
2003). We calculated Cronbach’s alpha for three age groups: up to age 62, age 63-77 and
age 78 and up. Cronbach’s alpha for these five items ranged from .78 to .85 across the three
waves for all age groups, with values being highest for the oldest group (.84 in 1996, .85 in
1999 and .83 in 2003). The five items loaded on one factor for all age groups. The
interviewers made the following statement to the respondents before asking questions about
their life (in Mandarin): “I’d like to ask for your current views or feelings about your life.
Please tell me whether you agree with the sentences I am about to read.” We used the
following five items from the scale to represent life satisfaction, each of which required a
Yes/No response (0 = No; 1 = Yes):

1. Has your life been better than most people’s lives?

2. Are you satisfied with your life?

3. Do you find what you do interesting?

4. Have these few years been the best in your life?

5. Would you say your life has matched your hopes?

Summing across the items produced a score with a potential range of 0 (low) to 5 (high life
satisfaction).
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Depressive Symptoms—Depressive Symptoms were measured using a subset of eight
items from the 20-item Center for Epidemiological Studies Depression Scale (CES-D)
(Radloff, 1977). Shorter forms of the CES-D have demonstrated reliability in Western
populations (Andresen, Carter, Malmgren & Patrick, 1994; Kohout, Berkman, Evans &
Cornoni-Huntley, 1993), as well as in elderly Chinese (Boey, 1999) and other Chinese
populations (Krause et al., 1992; Ofstedal et al., 1999).

Respondents reported whether they had experienced a number of different situations or
feelings in the past week (0 = no) and how often they experienced these feelings (1 = rarely
or one day; 2 = sometimes or 2 to 3 days; and 3 = often/chronically or 4 or more days). We
originally used ten items from the CES-D but removed two items because they cross-loaded
with the LSIA. The eight remaining items include questions about poor appetite, exhaustion,
poor sleep, bad mood, loneliness, unfriendliness of others, anguish, unable to get oneself
going. All items were scored in the same direction and summed to create the depressive
symptom scale. The scale ranges from 0 to 24, with higher scores indicating more frequent
depressive symptoms. We calculated Cronbach’s alpha for three age groups across the three
waves: up to age 62, age 63-77 and age 78 and up. Cronbach’s alpha for these eight items
ranged from .82 to .86 across the three waves for all age groups, with values being highest
for the oldest age group in all three waves (.86 in 1996, .86 in 1999 and .84 in 2003).

Control variables—We added sociodemographic and health variables that are related to
both psychological well-being and mortality. The variables included sex and educational
attainment (as of 1996), age, marital status, self-assessed health, chronic conditions,
cognitive function, mobility limitations, smoking status and alcohol consumption. Self-
assessed health (SAH) was measured using one question that asks respondents to rate their
overall health in one of five categories (1 = excellent, 2=good, 3=average, 5=not so good, or
5=poor). Measures of SAH are widely used and have been shown to be powerful predictors
of survival and functional decline, regardless of how the questions are phrased (Benyamini
& Idler, 1999; Goldman & Glei, 2004; Haga, Shibata, Suyama, Suzuki, Iwasaki, Suzuki &
Yasumura, 1995; Idler & Benyamini, 1997; Idler & Kasl, 1995; Kaplan, Strawbridge,
Camacho & Cohen, 1993; Mossey & Shapiro, 1982). Based on the respondent’s report of
current chronic conditions, we include separate count measures for six “serious” conditions
(high blood pressure, diabetes, heart disease, cancer, liver disease, kidney disease --all of
which are among the top ten leading causes of death in Taiwan) and six “other” conditions
(respiratory ailment, arthritis/rheumatism, ulcer/gastrointenstinal disorder, cataracts, gout,
spinal spurs). Cognitive function was based on items from the modified Rey Auditory
Verbal Learning Test (Lezak, 1983) and a modification of the Digits Backward Test
(Wechsler, 1981). Respondents received one point for every word they correctly recalled out
of a possible ten. They were then asked to recall a list of five numbers in reverse order. If
they recalled all five numbers correctly in reverse order (in one trial), they received one
point. The number of words correctly recalled from the Rey Auditory Verbal Learning Test
was summed with the 0 or 1 point received for the Digits Backward Test. The measure was
reverse scored so that a higher number of points indicated poorer cognitive function in order
to be consistent with the other health measures (potential range was 0 to 11). Mobility
limitations included the number of mobility activities for which the respondent had any
difficulty (potential range was 0 to 8). These activities include standing for 15 minutes,
squatting, reaching over one’s head, grasping with fingers, lifting/carrying 11-12 kilograms,
running 20-30 meters, walking 200-300 meters, and climbing 2-3 flights of stairs (Nagi,
1969; 1976). We also included smoking status and whether or not respondents drank
alcohol. Respondents were asked (in Mandarin), “Do you currently smoke?” (0 = No; 1 =
Yes) and “Do you drink alcohol?” (0 = No; 1 = Yes).
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Data Analysis
Three separate models were estimated in order to examine the effects of life satisfaction and
depressive symptoms individually and then simultaneously. Both life satisfaction and the
CES-D were time-varying. Control variables were fixed variables (sex and educational
attainment as of 1996) as well as the time-varying measures of age, marital status, self-
assessed health, chronic conditions, cognitive function, mobility limitations, smoking status
and alcohol consumption. For each year of age, we evaluated whether death occurred and
the length of exposure length of exposure (i.e., proportion of the age year from the
beginning of observation until death or the end of observation). For time-varying measures
other than age, the values at a given observation year (1996, 1999, 2003) were used to
predict mortality between that wave and the next wave.

We used a piecewise exponential hazards model to predict age-specific mortality in the
period 1996-2006. Although we use age as the primary clock, we also control for period
effects using calendar year as a continuous variable (i.e., year in which the respondent
attained the specified age, which is equivalent to year of birth plus age); this variable
captures the trend in mortality decline over time. This model assumes that each additional
year of age is associated with an exponential increase in the risk of mortality (although the
hazard is treated as constant within a given year of age). Thus, the model is similar to a
Gompertz model, which assumes that the log-hazard is linear across age and has been used
widely to model adult age mortality (Finch & Pike, 1996; Olshansky & Carnes, 1997;
Zimmer, Martin, & Hui-Sheng, 2005).

In order to allow for non-proportional hazards, we included interactions between age (as
well as calendar year) and the two variables of interest—life satisfaction and depressive
symptoms. In addition, we explored interactions between the two psychological variables
and measures of health status in 1996 (e.g., whether the respondent had at least one mobility
limitation and whether the respondent had at least one chronic condition) because of
previous work suggesting that psychological well-being may be a stronger predictor of
future health status for persons who are healthier at baseline (Ostir, Ottenbacher, &
Markides, 2004). We also included interactions between the psychological variables and
sex. Interaction terms that were statistically significant (p < .05) were retained in the final
model.

Because the distribution of the CES-D is skewed, we ran an additional model (not shown)
using the log of the CES-D measure (instead of the CES-D measure itself) to explore
whether outliers are exerting undue influence on the results; the results were substantively
unchanged. To ease comparability of the coefficients, we used standardized versions of the
life satisfaction and the CES-D measures in the models. All analyses were performed using
Stata 10.0 (StataCorp, 2005).

Results
The sociodemographic characteristics and health status of the study population are shown in
Table 1. At the baseline interview, the mean life satisfaction score of the sample (n = 4,627)
was 3.15 (SD = 1.77). The mean CES-D score was 3.63 (SD = 4.85). The correlation
between life satisfaction and the CES-D was -.48, -.47 and -.48 in 1996, 1999 and 2003,
respectively.

Table 2 presents relative risk ratios relating fixed and time-varying factors, including life
satisfaction and the CES-D, to mortality during the ten year follow-up period. The first two
models included either life satisfaction or depressive symptoms with controls. Both
measures were included in the final model. Not surprisingly, being female, married and
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having better health were associated with lower mortality. After accounting for
sociodemographic and health risk factors, we found that both life satisfaction and depressive
symptoms had significant associations with mortality.

The effects of life satisfaction and depressive symptoms change little in the full model,
implying that the effects are independent. Results from the full model suggest that a one SD
increase in depressive symptoms was associated with an 8.3% increase in mortality risk (RR
= 1.083). The effect of life satisfaction on mortality is complicated by a significant
interaction with age. At younger ages, higher levels of life satisfaction predicted lower risk
of mortality, but this protective effect weakens with age. For example, a one SD increase in
life satisfaction was associated with a 24% reduction in the risk of mortality for a person
aged 50 (RR=.462*1.0150=0.76), but by age 78 the effect is virtually zero. Figure 1 shows
how the predicted risk ratio associated with a one SD increase in life satisfaction changes
with age. In fact, the results suggest that the relationship reverses after age 78— higher life
satisfaction predicts higher mortality. In contrast to the significant interaction between life
satisfaction and age, the interaction between depressive symptoms and age was not
significant, suggesting that higher values of the depressive symptoms score continue to
predict increases in mortality at the oldest ages. Interactions between the psychological
variables and health and sex were not significant. In order to examine further the role that
health may play in the interaction between life satisfaction and age, we re-estimated our
model on a “healthy” sample (N = 2,666) that included only those respondents with no
“serious” conditions and no limitations with respect to six activities of daily living. The
results were consistent with those presented here. However, we found the effects were
somewhat weaker among the “healthy” sample: the main effect of life satisfaction and the
interaction between life satisfaction and age were attenuated and were no longer statistically
significant (p = .06 and .06, respectively), in part because of the loss of statistical power
when more than 40% of observations were excluded from analysis.

Discussion
The purpose of our study was to investigate whether life satisfaction and depressive
symptoms are significantly related to mortality risk in a Chinese sample of adults. We build
on a previous study of the Survey of Health and Living Status (Mete, 2005) by including
both life satisfaction and depressive symptoms as well as interactions between the
psychological variables and age. We demonstrate that both variables independently predict
mortality risk. In the presence of controls for sociodemographic and health variables, life
satisfaction significantly predicted lower risk of mortality (among younger persons) whereas
depressive symptoms significantly predicted higher risk of mortality (at all ages).

Our study also reveals that the relationship between psychological variables and health may
change with age The negative effect of life satisfaction on mortality weakened with age by
age—78 the effect was virtually nil and at even older ages the association reversed whereby
higher life satisfaction predicted higher mortality. This unexpected result raises an important
question— why would the protective effect of life satisfaction weaken (or even reverse) with
age? Using the framework given by Brandstadter & Greve (1994), we know that as adults
age they tend to use fewer assimilative strategies (e.g., behavior modification) and more
accommodative strategies (e.g., lowering expectations). Adults at the youngest ages are
making lifestyle changes in order to reduce the discrepancy between their actual and desired
selves by improving adherence to medical regimens and behaviors (e.g., better sleep, diet,
exercise). In contrast, adults at the oldest ages are experiencing cumulative and irreversible
deficits in health. They rely more on accommodative strategies, which are psychological
adjustments that protect well-being (Brandstadter & Greve, 1994).
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There are two psychological avenues one might take in the face of irreversible damage to
health: denial or acceptance. Both of these coping strategies may enhance life satisfaction
but may also be a health risk. For example, there is some evidence to support the idea that
individuals expressing denial in the face of poor health have a higher risk of mortality
(Brown et al., 2000; Derogatis, Abeloff, & Melisaratos, 1979; Devins et al., 1990).
Alternatively, those who have accepted their deteriorating health may be less likely to
pursue behaviors and interventions that may prolong their lives. In either case, higher life
satisfaction as a result of denial or acceptance of one’s health state may indicate a higher
risk of mortality. Future research should seek to validate this hypothesis by investigating the
pathways through which higher life satisfaction may lead to higher risk of mortality at the
oldest ages.

We should note several limitations in this study. One concern is the validity of our life
satisfaction measure in a non-Western culture. Studies of life satisfaction in Chinese
populations have primarily used measures that were developed in the US (Lu & Shih, 1997;
Oishi, Diener, Lucas, & Suh, 1999). Measures that tap psychological traits or judgments
about the self may not be meaningful in cultures that view personal characteristics as
embedded in the social context, e.g., positive feelings or expectancies as a mother, as an
employee, or as a citizen (Markus & Kitayama, 1998). Chinese respondents may be
confused by measures that require them to assess personal traits that are removed from
social context (Markus & Kitayama, 1998). Thus, it is possible that a more culturally
appropriate measure would reveal a negative relationship between life satisfaction and
mortality risk (i.e., higher life satisfaction predicts lower mortality) that persists with age.
Second, we were limited by the availability of objective health measures over multiple
survey waves. We do include data on current alcohol consumption, but the “yes” or “no”
responses provide minimal information. Thus, it is possible that our results would have been
different if data were available to control for additional objective measures of health. A final
limitation is that we cannot eliminate the problem of loss-to-followup. Adults who remained
in the study were likely a high functioning group–both physically and psychologically–
compared to those who dropped out of the study.

Many prospective studies reveal that depressive symptoms are associated with mortality
risk. The current study demonstrates that lower mortality risk is related to the presence of
life satisfaction as well as the absence of depressive symptoms. Life satisfaction may be
especially important for resilience in adulthood, when the cumulative effects of aging
contribute to higher risk of mortality. However, the effect appears to reverse at the oldest
ages, suggesting that a positive disposition at the oldest ages may not be sufficient to
counteract existing health deterioration at this stage of life and may reflect psychological
states before death (i.e., denial or acceptance). Future research should examine further the
role that life satisfaction and similar constructs play in health at different points in the
lifespan.
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Figure 1.
Predicted Mortality Risk Ratio for a One SD Increase in Life Satisfaction, by Age.
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