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Background This study examines how changes in cognition over time are related to
participation in social activities and the extent of social networks.

Methods Data are drawn from a population-based, longitudinal study that began in 1989
among elderly Taiwanese. An over-dispersed Poisson model is used to regress the
number of failed cognitive tasks (0–5) in 1996, 1999, and 2000 on prior measures
of cognitive impairment, social activities, social networks, health status, and
sociodemographic characteristics. The analysis sample comprises 2387
individuals, who contribute a total of 4603 observations across three survey
intervals (1993–96, 1996–99, 1999–2000).

Results After adjusting for prior cognitive impairment, baseline health status, and
sociodemographic factors, respondents who participated in one or two social
activities failed 13% fewer cognitive tasks (P � 0.01) than those with no social
activities; those who engaged in three or more activities failed 33% fewer
cognitive tasks (P � 0.001). In contrast, none of the social network measures was
related to cognitive impairment.

Conclusions Despite a social structure where elderly persons often live with their children and
social interaction is likely to be more family-centered than in western countries,
data from Taiwan suggest that participation in social activities outside the family
may have a bigger impact on cognitive function than social contacts with family
or non-relatives.

Keywords Cognitive impairment, cognitive function, social networks, social activity, social
contact, Taiwan
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Better social networks and greater participation in social
activities are generally associated with lower risks of cognitive
decline.1–4 Previous research suggests that social networks may
help preserve cognitive function by guarding against depression
and the adverse effects of stress. Social activities may also
protect cognitive function by providing stimulation.

Several studies have found cognitive impairment to be related
to depressive symptoms, restricted activities of daily living
(ADLs), and limitations on instrumental activities of daily living
(IADLs).5–8 Such health conditions may restrict or otherwise limit
participation in social activities. Indeed, studies have reported that
those in poor psychological and physical health have fewer social
connections than their healthier counterparts.1,9

However, an observed cross-sectional association between
social interaction and cognitive function does not demonstrate
a causal link: if cognitive impairment leads to a reduction in
social interaction, then correlation may be a result of reverse
causality. Even with controls for health status, a cross-sectional
study cannot establish the direction of causality. We focus here
on longitudinal studies that have the potential to identify an
independent effect of social interaction on cognitive decline.
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One such prospective study of 469 elderly non-demented
subjects found that participation in cognitively stimulating
leisure activities (e.g. playing board games) protected against
the development of dementia.4 Other studies have shown that
social disengagement at baseline and unsatisfying contact with
children were associated with greater risks of subsequent
dementia or cognitive decline.1–3 In addition to social networks
and activities, marriage may be protective of cognitive function.
Fratiglioni et al. found single persons at greater risk for dementia
compared with their married counterparts.2

The present study uses longitudinal data from an elderly
population in Taiwan to determine the effects of social networks
and activities on changes in cognitive function. Most studies on
this topic have been based on western populations. Taiwan
provides an interesting context for exploring this question
because the social structure differs from that of western
countries: elderly people are more likely to reside with their
children and social interaction is more family-centered.10 Our
analysis improves upon most previous research in several
important ways: by using a national rather than a community
sample, by including more than one wave of follow-up,2–4 and
by examining both social activities and social relationships in a
multivariate model. Because these two aspects of the social
environment are interrelated, the ability to control for their
individual and joint effects allows one to gain insight into their
relative contributions to the maintenance of cognitive function.

Methods
Data come from surveys conducted as part of the Study of Health
and Living Status of the Elderly in Taiwan.11 The first wave was
conducted in 1989 with follow-up interviews in 1993, 1996, 1999,
and 2000. The respondents were drawn from a random sample of
Taiwanese—including the institutionalized population—who
were aged �60 in 1989 (n = 4049, 92% response rate). By the
1993 wave, 15% (n = 590) of the original cohort had died; 3155
respondents completed the interview (91% of survivors); and 8%
(n = 304) were lost-to-follow-up (LFU). Interviews were
completed with 2669 persons in 1996 and with 2310 persons in
1999, comprising 89% and 90%, respectively, of survivors from
the original 1989 cohort (see Figure 1 for details). In 2000, a
subsample of those interviewed in 1999 was selected randomly for
the Social Environment and Biomarkers of Aging Study; 728
elderly respondents were interviewed (93% response rate).

Those lost to mortality were older, on average, and had
higher mean cognitive impairment at the previous wave
compared with those completing the interview (Table 1).
Differences between those LFU and those completing the
interview at a given wave were not significant with one
exception: mean cognitive impairment in 1993 was lower for
LFU in 1996 than for those completing the interview.

Since 1989, questionnaires have included and updated a
broad spectrum of information including demographic
characteristics, marital history, social networks and activities,
and socioeconomic status. Although the specific wording of
some questions changed over time, this analysis used indicators
that were consistently worded or changed only modestly across
waves. The variables used in the models are described below.

Cognitive impairment was measured based on five questions
from the Short Portable Mental Status Questionnaire.12

Respondents were asked to (i) state their current address, (ii)
give their age in years, (iii) identify the date (month, day, and
year), (iv) identify the weekday, and (v) subtract the number
three from twenty a total of four consecutive times. We counted
the number of incorrect answers to these five items (one point
was assigned if any of the four subtractions was incorrect),
resulting in a 5-point scale, where 0 represents no errors. The
use of these questions as cognitive tests has been validated for
Chinese equivalents of the MMSE13–15 and for measures of
cognitive function used in the Study of Asset and Health
Dynamics Among the Oldest Old.5,16,17

Sex, age (adjusted for follow-up survey dates), and education
were determined from answers to the 1989 questionnaire. The
occupational status index reflects the prestige of the primary
lifetime occupation of male respondents or female respondents’
husbands (six women who never married were coded as missing
and excluded from the analysis). This measure was developed
for Taiwan based on earlier similar measures for the US and has
a theoretical range of 55–76.18 Respondents’ dissatisfaction with
their current economic situation was measured on a scale from
one (very satisfied) to five (very unsatisfied).

Health measures comprised three indicators of functional status
and a depressive symptoms score. Functional status was measured
by separate counts of respondents’ difficulties performing ADLs,
IADLs, and basic mobility tasks. ADLs comprised bathing,
dressing/undressing, eating, getting out of bed/standing up/sitting
in a chair, moving about the house, and going to the toilet. IADLs
comprised buying personal use items, managing money/paying
bills, riding the bus or train alone, doing physical work around the
house or environs, performing light tasks around the house, and
making a phone call. Mobility tasks comprised standing
continuously for 15 min, climbing stairs, walking 200–300 m,
lifting or carrying 11–12 kg, squatting, reaching over one’s head,
grasping with one’s fingers, and running or jogging 20–30 m.
Depressive symptoms were measured using a 10-item version of
the original 20-item Center for Epidemiologic Studies Depression
Scale (CES-D),19 whose measurement properties are well-
established.20 The 10-item scale generated a score ranging
between 0 and 30. The shortened form of the CES-D has been
shown to perform well in cross-cultural studies of elderly
depression21 including Chinese populations,5,22,23 and to yield
similar internal consistency, factor structure, and accuracy in
detecting depressive symptoms as the full 20-item CES-D.23–27

The respondent’s social network was realized as four variables
describing social ties and frequency of contact with those ties.
Marital status was entered as a dichotomous variable: married
or not married (widowed, divorced, separated). The other three
indicators were: (i) a count of the number of close relatives
(children, sons-in-law, daughters-in-law, parents, parents-in-
law, siblings, and grandchildren) who live with or who have at
least weekly contact with the respondent; (ii) the number of
other relatives (cousins, aunts, uncles) who have at least weekly
contact with the respondent; and (iii) the number of friends and
neighbours with whom the respondent maintains at least
weekly contact.

Participation in social activities was included as a categorical
variable: no activities, one or two activities, or three or more.
Information was based on respondents’ participation in the
following nine activities: (i) playing games (chess, cards, or
mahjong); (ii) socializing with friends/neighbours/relatives;
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(iii) joining organized group activities; (iv) doing volunteer
work; and participating in (v) religious groups; (vi) business
associations; (vii) political groups; (viii) clan associations; and
(ix) elderly organizations.

In order to exploit the longitudinal data, we modelled
cognitive impairment at each wave (1996, 1999, and 2000) as a
function of each respondent’s level of cognitive impairment and
characteristics at the previous survey date. Because the outcome
represents a count of events, we estimated a Poisson model for
the number of failed cognitive tasks. In addition to the lagged

dependent variable, the model included measures (estimated at
the prior survey date) of social activities and social networks, and
controlled for demographic and socioeconomic characteristics,
health factors, and survey year. Diagnostic analyses indicated
that the data are over-dispersed, with the variance proportional
to the mean. In such cases, the Poisson estimates remain
consistent, but the standard errors tend to be under-estimated.
We fitted the model using the ‘glm’ procedure in Stata 
version 7, with the distributional family Poisson.28 In order to
correct the standard errors, we set the scale parameter to the

1989 Survey
(n=4049)

92% response rate

Subsample Selected for SEBAS 2000
(n=840)

Interviewed
(n=3155)

91% response rate

1993 Survey

Lost-to-Follow-up*
(n=304)

9% of survivors

Died
(n=590, 15%)

Interviewed
(n=728)

93% response rate

Lost-to-Follow-up*

(n=55)
7% of survivors

Died
(n=57, 7%)

1996 Survey

Interviewed
(n=2669)

89% response rate

Lost-to-Follow-up*

(n=319)
9% of survivors

Died
(n=471, 14%)

1999 Survey

Interviewed
(n=2310)

90% response rate

Lost-to-Follow-up*

(n=252)
10% of survivors

Died
(n=426, 14%)

Survivors in 1999
(n=2562)

not Selected for Subsample
(n=1722)

Figure 1 Attrition across survey waves, 1989–2000

*At each survey wave, efforts were made to contact and interview all respondents from the original 1989 cohort (n = 4049), even if they were lost-to-follow-up
(LFU) in a previous wave. Thus, a person may be LFU in one survey wave, but interviewed in subsequent waves.
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Pearson �2 statistic divided by the residual degrees of freedom as
recommended by McCullagh and Nelder.29

By lagging the dependent variable as well as the measures
of social environment, we controlled for unobserved
heterogeneity between individuals and reduced the potential
for reverse causality. For example, unobserved factors could
cause both poor cognition and reduced social activity. By
controlling for prior cognitive function, we accounted for any
unobserved factors that may explain a correlation between
social activity and cognitive function at baseline. In essence, the
model tested the effects of social networks and activity
(measured at the previous survey wave) on the change in
cognitive function between survey waves.

Results
A total of 4603 observations comes from 2387 individuals who
each contributed up to three observations to the analysis
sample: 2201 for the 1993–96 interval, 1794 for 1996–99, and
608 for 1999–2000 (Table 1). Among observations excluded
because the cognitive score was missing (Table 1, columns 5 and
6), the vast majority (96%, 593 of 617) were not administered
those items because the interview was completed by a proxy
respondent. Observations excluded because of missing data for
other covariates (column 7) were older, on average, and had
higher mean cognitive impairment at the 1993–99 waves
compared with those included in the analysis.

Table 2 Descriptive statistics for covariates included in model

Mean or
Variable percentage SD Minimum Maximum

Fixed covariates (individual respondents, n = 2387)

Female 43.5%

Highest level of education achieved by respondent

Illiterate 37.3%

Literate (but no formal schooling) 8.3%

Primary school 33.8%

Secondary school 20.6%

Socioeconomic index 61.7 4.87 55.1 76.1

Time-varying covariates (observations, n = 4603)

Age (in years) 71.8 5.2 64 94

Dissatisfaction with economic situation 2.6 0.9 1 5

Health factors

Number of ADL difficulties

None 96.5%

One 1.1%

Two or more 2.4%

Number of IADL difficulties

None 60.1%

One 21.8%

Two or more 18.1%

Number of mobility limitations

None 49.3%

One 14.5%

Two 11.1%

Three or more 25.1%

CES-D score 6.2 5.9 0 30

Participation in social activities

Participation in 0 social activities 20.5%

Participation in 1 or 2 social activities 60.3%

Participation in �3 social activities 19.2%

Social network

Currently married 64.1%

Number of close relatives (children, sons-in-law/daughters-in-law, siblings, 9.6 6.5 0 46
parents, parents-in-law, grandchildren) with at least weekly contact

Number of close friends/neighbours with at least weekly contact 4.9 6.3 0 70

Number of other relatives with at least weekly contact 2.4 4.7 0 61
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Table 2 presents descriptive statistics for the variables used in
the model. The distributions show an unusual predominance of
men attributable to the influx of Mainlander Chinese soldiers
following the Second World War. The vast majority of the
population was either illiterate or had completed only a primary
school education; only one-fifth had any schooling beyond the
primary level. Fewer than 4% reported having any ADL
limitations, but 40% reported at least one IADL limitation and
more than half reported a mobility limitation. A significant
minority (about one-fifth) reported no social activity, but most
reported engaging in one or two activities. On average,
respondents had regular contact with 10 close relatives, two
other relatives, and five close friends and neighbours.

Results from the over-dispersed Poisson model indicate that
those who engaged in social activities had lower risk of
subsequent cognitive impairment, even after adjusting for prior
cognitive impairment, health status, and sociodemographic
factors (Table 3). Relative to those who reported no activities,
respondents who participated in one or two social activities failed
13% fewer cognitive tasks (e�0.14 = 0.87, P � 0.01), while those
who engaged in three or more activities failed 33% fewer
cognitive tasks (P � 0.001). In contrast, none of the measures of
social network was significantly related to cognitive decline.

As we would expect, those with prior cognitive impairment,
IADL limitations, or mobility limitations had a higher rate of
cognitive impairment at follow-up. Older age and being female
were also significantly associated with greater cognitive
impairment (P � 0.001), whereas higher education and
socioeconomic index score were significantly associated with a
lower rate of impairment (P � 0.001).

Discussion
We used multi-wave, longitudinal national data from an elderly
Taiwanese cohort to examine the relationship over time between
cognitive function and social networks and engagement. Previous
studies have generally used community-based samples2,3,30,31

and have typically been cross-sectional or limited to a single
follow-up interview.2,3,32,33 In contrast to most other research,
which has been based on western cohorts, this analysis provides
new insights into the extent to which previous findings can be
generalized to a non-western population.

The results show that, even after adjusting for an extensive
set of control variables, participation in social activities is
significantly associated with reduced risk of cognitive
impairment. The graded relationship between cognition and
participation in social activities shows that the higher the level
of participation, the greater the benefit. Yet, we find no
evidence of a relationship between the participants’ social
networks and cognition. These findings suggest that the extent
of participation in social activities may be a more important
predictor of cognitive performance than various aspects of
respondents’ social networks.

Notably, one of the social network measures—ties with close
relatives—included relatives with whom the respondent lives. If
individuals with poor health and impaired cognitive function
were more likely to live with relatives, this relationship could
mask any potential benefits of such ties. In our sample, 70%
lived with at least one close relative, and these respondents
tended to have more IADL and mobility limitations than those

Table 3 Poisson model predicting the number of failed cognitive
tasks in 1996, 1999, and 2000

Coefficients (SEs)

Social activities

Reference (Participation in no social activity) –

Participation in 1 or 2 social activities �0.14** (0.05)

Participation in 3 or more social activities �0.40*** (0.08)

Social network

Currently married 0.03 (0.05)

Number of close relatives with at least �0.001 (0.003)
weekly contact

Number of close friends/neighbours with at 0.01 (0.004)
least weekly contact

Number of other relatives with at least �0.01 (0.01)
weekly contact

Control variables

Number of failed cognitive tasks at 0.25*** (0.02)
prior survey

Number of ADL difficulties 0.01 (0.02)

Number of IADL difficulties 0.05* (0.02)

Number of mobility limitations 0.05** (0.01)

CES-D score 0.002 (0.004)

Reference (1993 survey) –

1996 survey �0.002 (0.05)

1999 survey �0.07 (0.07)

Age at prior survey 0.03*** (0.004)

Female 0.20*** (0.05)

Education

Reference (Illiterate) –

Literate but no formal schooling �0.23** (0.08)

Primary school �0.54*** (0.06)

Secondary school �0.89*** (0.10)

Socioeconomic index �0.03*** (0.01)

Dissatisfaction with economic situation 0.01 (0.03)

Constant �1.15* (0.51)

Over-dispersion parameter 1.30

Number of observations 4603

*P � 0.05; **P � 0.01; ***P � 0.001.

who did not live with relatives. Our model included controls for
physical and mental health status, which should account for
this association. Nonetheless, we estimated an additional model
(not shown) that included separate measures for close relatives
with whom the respondent lived and for other close relatives
with whom the respondent had regular contact. The results
remain unchanged: neither variable was significantly related to
cognitive impairment.

Our results complement two recent studies of elderly
populations: a study in 20002 reporting that Swedish individ-
uals with a poor or limited social network were at an increased
risk of developing dementia over time (average 3 year follow-
up), and a study in 20033 observing that poor social
connections and infrequent participation in social activities
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sample), those who participated in one or two social activities
had lower risk of cognitive decline than those with no social
activity (3+ activities was not statistically significant). Thus, over
a longer follow-up, the association between social activity and
cognition was less apparent, but was attributable, at least in
part, to the fact that those with the least social activity and the
most cognitive impairment were more likely to die and thus
could not be tested at follow-up.

Despite its limitations, this analysis builds upon and extends
previous studies of cognitive function in elderly persons,
offering convincing evidence of the benefits of social participa-
tion: engagement in social activities appears to be more impor-
tant than the extent of one’s social network in maintaining
cognitive function. As in other East Asian countries, it remains
quite common for elderly Taiwanese to live with their children.
Although the social environment in Taiwan is much more
family-centered than in western countries, we find no evidence
that familial ties affect cognitive function.

Consistent with some previous studies, these results suggest
that voluntary social interactions may have a greater impact on
cognitive function than family or intimate ties. These findings
may arise in part because social ties can impose demands or
involve negative interaction. The results may also be specific to
settings like Taiwan, where social support structures are
generally strong and may not be measured adequately by the
frequency of contact with specific types of individuals. These
findings, if confirmed by other studies of both western and non-
western populations, may help guide the development of
programmes to keep elderly adults better engaged in activities
to guard against cognitive decline.
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predicted the risk of cognitive decline in elderly Spanish
subjects. The former study2 did not include data on
participation in social activities, and thus could not distinguish
between the risk of dementia in patients who had poor social
networks from those with limited social participation. The
latter3 found that although both factors were important
predictors of cognitive decline, participation in social activities
was more protective against cognitive decline than maintaining
contact with friends and relatives. Their results, like ours,
suggest that activities are more important than the extent of
social networks in maintaining cognitive function.

This analysis was designed to mitigate the problem of reverse
causation. Using longitudinal data, we examined cognitive
impairment (controlling for prior impairment) as a function of
the social environment at the prior survey. We also adjusted for
various indicators of physical and mental health status to reduce
the likelihood that the observed relationship between social
activity and cognition was spurious (i.e. simply due to poor
health leading to both reduced social activity as well as cognitive
decline). While this analytical strategy posed a stringent test, it
cannot definitively establish causality. The generally accepted
gold standard for establishing a causal effect is a randomized-
controlled study. However, an experimental design is difficult or
impossible to implement when the relevant treatment is a
component of the social environment.

Another potential constraint of this study is that our
measures of social networks are limited. Three of the four social
network measures involve relatives (whereas only one variable
measures social ties with non-relatives), but none of these takes
into account the quality of the relationship.

Although this analysis covered a 7 year period, it was based
on a series of combined shorter periods. The problem with
measuring cognitive decline over longer periods of time is that
there is greater risk of attrition due to mortality, especially for a
sample of elderly persons. We did examine cognitive decline
over a 6 year period (data not shown), and we found that those
with lower cognitive function and fewer social activities in 1993
were more likely to die by 1999. Among survivors (74% of the

KEY MESSAGES

• Results from multi-wave, longitudinal data for a national sample of elderly Taiwanese show that participation in social activities

is significantly associated with reduced risk of cognitive impairment, even after adjusting for prior measures of cognitive

function, health status, and sociodemographic characteristics.

• Despite a social structure where elderly persons often live with their children and social interaction is likely to be more family-

centered than in western countries, we find no evidence of a relationship between social contacts with family or non-relatives

and cognition.

• Consistent with some previous studies, these results suggest that voluntary social interactions may have a greater impact on

cognitive function than family or intimate ties.

References
1 Bassuk SS, Glass TA, Berkman LF. Social disengagement and incident

cognitive decline in community-dwelling elderly persons. Ann Intern
Med 1999;131:165–73.

2 Fratiglioni L, Wang H, Ericsson K, Maytan M, Winblad B. Influence of
social network on occurrence of dementia: a community-based
longitudinal study. Lancet 2000;355:1315–19.

3 Zunzunegui M, Alvarado BE, Ser T, Otero A. Social networks,
social integration, and social engagement determine cognitive

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/34/4/864/692857 by guest on 21 August 2022



SOCIAL ACTIVITIES HELP PRESERVE COGNITIVE FUNCTION 871

decline in community-dwelling Spanish older adults. J Gerontol
2003;58B:S93–100.

4 Verghese J, Lipton RB, Katz MJ et al. Leisure activities and the risk of
dementia in the elderly. N Engl J Med 2003;348:2508–16.

5 Ofstedal MB, Zimmer ZS, Lin H. A comparison of correlates of
cognitive functioning in older persons in Taiwan and the United
States. J Gerontol 1999;54B:S1–11.

6 Black SA, Espino DV, Mahurin R et al. The influence of noncognitive
factors on the Mini-Mental State Examination in older Mexican-
Americans: Findings from the Hispanic EPESE. J Clin Epidemiol
1999;52:1095–102.

7 Moritz DJ, Kasl SV, Berkman LF. Cognitive functioning and the
incidence of limitations in activities of daily living in an elderly
community sample. Am J Epidemiol 1995;141:41–49.

8 Njegovan V, Man-Son-Hing M, Mitchell SL, Molnar FJ. The hierarchy
of functional loss associated with cognitive decline in older persons.
J Gerontol 2001;56A:M638–43.

9 House JS, Landis KR, Umberson D. Social relationships and health.
Science 1988;241:540–45.

10 Fricke T, Chang JS, Yang LS. Historical and ethnographic perspectives
on the Chinese family. In: Thornton A, Lui H-S (eds). Social Change and
the Family in Taiwan. Chicago: University of Chicago Press, 1994, pp.
22–48.

11 Hermalin AI, Liang J, Chang MC. 1989 Survey of Health and Living
Status of the Elderly in Taiwan: Questionnaire and survey design.
Comparative Study of the Elderly in Asia, Research Report Series, 89–1.
Ann Arbor, MI: Population Studies Center, University of Michigan,
1989.

12 Pfeiffer E. A short portable mental status questionnaire for the
assessment of organic brain deficit in elderly patients. J Am Geriatr Soc
1975;23:433–41.

13 Katzman R, Zhang M, Qu OU et al. A Chinese version of the Mini-
Mental State Examination: impact of illiteracy in a Shanghai
dementia survey. J Clin Epidemiol 1988;41:971–78.

14 Salmon DP, Riekkinen PJ, Katzman R, Zhang M, Jih H, Yu E. A
comparison of Mini-Mental State Examination performance in
Finland and China. Arch Neurol 1989;46:769–72.

15 Zhang M, Katzman R, Salmon D et al. The prevalence of dementia and
Alzheimer’s disease in Shanghai, China: Impact of age, gender and
education. Ann Neurol 1990;27:428–37.

16 Herzog AR, Wallace RB. Measures of cognitive functioning in the
AHEAD study. J Gerontol 1997;52B:37–48.

17 Soldo BJ, Hurd MC, Rodgers WL, Wallace RB. Asset and health
dynamics among the oldest old: An overview of the AHEAD study.
J Gerontol 1997;52B:1–20.

18 Tsai S-L, Chiu H-Y. Constructing occupational scales for Taiwan. In:
Althauser R, Wallace M (eds). Research in Social Stratification and
Mobility: A Research Annual. Greenwich, CT: JAI Press Inc., 1991,
pp. 229–253.

19 Radloff LS. The CES-D Scale: A self-report depression scale for
research in the general population. Applied Psychological Measurement
1977;1:149–66.

20 Hertzog C, Van Alstine J, Usala PD, Hultsch DF, Dixon R. Measure-
ment properties of the Center for Epidemiological Studies Depression
Scale (CES-D) in older populations. Psychol Assess 1990;2:64–72.

21 McCallum J, Mackinnon A, Simons L, Simons J. Measurement
properties of the Center for Epidemiological Studies Depression Scale:
an Australian community study of aged persons. J Gerontol B Psychol
Sci Soc Sci 1995;50:S182–89.

22 Krause N, Liang J. Cross-cultural variations in depressive symptoms
in later life. Int Psychogeriatr 1992;4(suppl. 2):185–202.

23 Boey KW. Cross-validation of a short form of the CES-D in Chinese
elderly. Int J Geriatr Psychiatry 1999;14:608–17.

24 Kohout FJ, Berkman LF, Evans DA, Cornoni-Huntley J. Two shorter
forms of the CES-D (Center for Epidemiological Studies Depression)
depression symptoms index. J Aging Health 1993;5:179–93.

25 Shrout PE, Yager TJ. Reliability and validity of screening scales: effect
of reducing scale length. J Clin Epidemiol 1989;42:69–78.

26 Rouch-Leroyer I, Sourgen C, Barberger-Gateau P, Fuhrer R, Dartigues
JF. Detection of depressive symptomatology in elderly people: a short
version of the CES-D scale. Aging (Milano) 2000;12:228–33.

27 Turvey CL, Wallace RB, Hergoz R. A revised CES-D measure of
depressive symptoms and a DSM-based measure of major depressive
episodes in the elderly. Int Psychogeriatr 1999;11:139–48.

28 StataCorp. Stata Statistical Software: Release 7.0. College Station, TX:
Stata Corporation; 2001.

29 McCullagh P, Nelder JA. Generalized Linear Models. 2nd edn. London:
Chapman & Hall, 1989.

30 Brayne C, Spiegelhalter DJ, Dufouil C et al. Estimating the true extent of
cognitive decline in the old old. J Am Geriatr Soc 1999;47(11):1283–1288.

31 Inouye SK, Albert MS, Mohs R, Sun K, Berkman LF. Cognitive
performance in a high-functioning community-dwelling elderly
population. J Gerontol 1993;48:M146–51.

32 Brayne C, Gill C, Paykel ES, Huppert F, O’Connor DW. Cognitive
decline in an elderly population—a two wave study of change. Psychol
Med 1995;25:673–83.

33 Elwood PC, Gallacher JEJ, Hopkinson CA et al. Smoking, drinking,
and other life style factors and cognitive function in men in the
Caerphilly cohort. J Epidemiol Community Health 1999;53:9–14.

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/34/4/864/692857 by guest on 21 August 2022


