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Abstract
Background and Objectives: This study examined associations between exposure to the 2003 Severe Acute Respiratory 
Syndrome (SARS) epidemic and Chinese older adults’ depression and inflammation 8 years after the crisis. Further, this 
study investigated the buffering effects of perceived social support and social participation.
Research Design and Methods: Data were drawn from the 2011 China Health and Retirement Longitudinal Survey, 
including N = 4,341 Chinese adults aged 60 years and older. For the survey, local officials identified whether the 2003 
SARS outbreak was one of the major disasters in the history of their communities. Depression was assessed by the Center 
for Epidemiological Studies-Depression scale and inflammation was measured by C-reactive protein (CRP) collected from 
participants via venous blood draws.
Results: Results from multilevel logistic regression models revealed that Chinese older adults living in communities exposed 
to SARS were more likely to have elevated CRP compared to those not living in such communities. Moreover, community 
SARS exposure was associated with greater risks of depression for Chinese older adults who had no perceived social 
support. Among Chinese older adults who had low levels of social participation, community SARS exposure was more 
strongly related to elevated CRP.
Discussion and Implications: Findings suggest community-level exposure to the SARS epidemic had enduring consequences 
for Chinese older adults’ health. However, active social participation and supportive social ties provided important resources 
that may buffer against negative effects of exposure to the SARS epidemic.
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The current coronavirus disease 2019 (COVID-19) pan-
demic has revealed the vulnerability of many older adults 
to health problems associated not only with exposure to 
the disease itself, but also to the toxic stressors associated 
with living through this traumatic life event (Horesh & 
Brown, 2020). Because the pandemic is not under con-
trol, as there is no widely available vaccine or cure, it 
is impossible to understand the full nature of the con-
sequences of this event for older adults throughout the 

world. In addition, there are few data sources available to 
researchers at this time to begin to study rigorously how 
this current disaster may affect the well-being of older 
adults—not only in the immediate term, but in the long 
term as well. Robust studies with high-quality national 
data will likely not be possible for years. Yet some in-
sights may be drawn from similar recent events, such as 
the Severe Acute Respiratory Syndrome (SARS) outbreak 
of 2003.
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Epidemic and pandemic events directly affect the 
health of individuals who are infected with the disease and 
suffer its effects. Such disasters also affect the health and 
well-being of those not directly infected, through the social 
isolation that results from being quarantined, losing a loved 
one, material deprivation, and experiencing survivor’s guilt 
(Bonanno et al., 2010; Norris & Wind, 2009). Further, the 
heightened possibility of infection through community ex-
posure may act as a stressor, even for those who manage 
to avoid infection (Norris & Wind, 2009). Further, older 
adults’ social relationships—defined here by perceived so-
cial support and social participation—may act as buffers to 
trauma and stress associated with exposure to cataclysmic 
life events (Kaniasty, 2012). Social relationships may in-
crease resiliency, which could help older adults cope with 
exposure to natural disasters.

We explore these possibilities by examining a unique 
data set from China that includes information about com-
munity exposure to an earlier coronavirus epidemic that 
caused great trauma and destruction, the SARS epidemic 
of 2003. SARS is genetically linked to COVID-19 and the 
two public health disasters have similarities, though the 
COVID-19 pandemic has been much more costly in terms 
of human of life and overall suffering. This study aims (a) 
to examine whether community exposure to the SARS epi-
demic is associated with depression and elevated inflamma-
tion levels among older Chinese adults 8 years following 
the disaster, and (b) to investigate whether negative health 
effects of exposure to the SARS epidemic vary according 
to the levels of social participation and/or perceived social 
support.

The 2003 SARS Epidemic
The COVID-19 virus continues to spread worldwide, but 
this is not the first global coronavirus outbreak. SARS, 
also caused by a coronavirus (SARS-Cov), is a highly 
contagious and potentially lethal disease. SARS made its 
first appearance in Guangdong Province, China, in 2002 
and spread rapidly across 30 countries. By spring 2003, 
SARS had infected over 8,000 people and caused more 
than 800 deaths worldwide (World Health Organization, 
2003a). The cumulative death toll was 349 out of 
5,327 infection cases in mainland China and 300 out 
of 1,755 infection cases in Hong Kong (World Health 
Organization, 2003a).

The SARS epidemic was associated with high levels of 
psychological stress, including increased emotional distress 
(Liu et al., 2012), lower levels of subjective well-being (Lau 
et al., 2008), and higher rates of suicide (Chan et al., 2006). 
However, most research focused on the impact of SARS 
for survivors and health care workers in the epicenters of 
Guangdong Province and Hong Kong. Research is sparse 
regarding the long-term health consequence of SARS for 
older adults among the general population.

Trauma, Stress, and Health Consequences of 
Disaster Exposure
The stress process model (Pearlin & Bierman, 2013) serves 
as a framework for understanding how disasters affect 
people’s well-being. According to the stress process model, 
primary stressors, including stressful life events as well as 
chronic stressors, can undermine long-term health via psy-
chological, social, and physiological mechanisms (Pearlin 
& Bierman, 2013). Public health disasters are traumatic 
life events with profound implications for people who are 
directly or indirectly exposed to the disaster. Although 
disasters often strike swiftly, the physical and psychological 
consequences may be long-lasting (Bonanno et al., 2010).

Extensive research has examined the health implications 
of disasters, including terrorist attacks, earthquakes, 
floods, famines, tornados, and disease epidemics (Norris 
& Wind, 2009). In addition to the direct fatalities and se-
rious injuries resulting from disasters, disaster exposure 
takes a heavy toll on physical health. For instance, a pro-
spective study found that people reported a decrease in 
self-reported health after experiencing a flood in South 
Korea (Heo et al., 2008). Another study found increased 
risks for cardiovascular disease and pneumonia among 
people who experienced the Great East Japan Earthquake 
(Aoki et al., 2012).

Moreover, serious psychological harm can result from 
disaster exposure. Studies indicate disasters increase risk 
for posttraumatic stress disorder, anxiety disorders, panic 
disorder, suicidality, and other psychiatric disorders (Norris 
& Elrod, 2006). Many people also express negative psy-
chological responses, such as confusion and anger, from 
being quarantined during the current pandemic (Brooks 
et  al., 2020). Disaster-related stress disorders are also 
linked to inflammation (Solomon et al., 2017) and depres-
sion (Bonanno et al., 2010), and these two health outcomes 
often co-occur (Valkanova et al., 2013).

Although limited, research is growing that investigates 
detrimental consequences of disaster exposure for mental 
and physical health among older adults. Some studies sug-
gest advanced age is protective against disaster-related 
psychopathology because older adults have better coping 
skills based on earlier life experiences (Huang & Zhao, 
2020). However, older adults are more vulnerable to 
disasters than younger persons because of their predisaster 
health conditions, decreased sensory awareness, physical 
impairments, and lower socioeconomic status (Lau et al., 
2008). The current COVID-19 pandemic demonstrates that 
older adults are especially vulnerable to infection and hos-
pitalization, as well as having a higher mortality risk (Le 
Couteur et al., 2020). In turn, this may lead to heightened 
stress responses among older adults who fear infection, 
even if such infection does not occur, or results in even-
tual recovery (Chan et al., 2006). Thus, it is crucial to un-
derstand the long-term consequences of disaster exposure 
among the older population.
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Social Participation and Perceived Support
The stress process model posits that people exposed to sim-
ilar types and intensities of stressors may not exhibit sim-
ilar outcomes, due to buffering factors (Pearlin & Bierman, 
2013). Social participation and social support, which em-
anate from people’s social capital, play important roles in 
buffering stress (Pearlin & Bierman, 2013). Engaging in 
social activities promotes healthy aging by fulfilling older 
adults’ psychological and social needs, and active social 
participation contributes to a sense of self-efficacy and 
mastery for older adults. Social participation also benefits 
older people by providing opportunities to form social 
networks and exchange emotional intimacy, resulting in 
higher levels of perceived connectedness and lower levels of 
loneliness (Choi et al., 2020). However, social activity en-
gagement does not guarantee the formation of high-quality 
social relationships, which are the source for perceived 
availability of support. Perceived support serves as a pro-
tective factor for older adults’ mental health by offering a 
sense of comfort and security. Both social participation and 
perceived availability of support are found to be associated 
with depression (Choi et al., 2020; Silverstein et al., 2020) 
and inflammation among older adults (Lee & Way, 2019).

Empirical evidence demonstrates that active social par-
ticipation is associated with lower psychological distress 
(Matsuyama et al., 2016), and the lack of a robust social 
network was associated with moderate to serious mental 
health problems after the Great East Japan Earthquake 
(Yokoyama et al., 2014). The benefits of perceived social 
support for physical and mental health after a disaster are 
well-documented (Cherry et  al., 2015; Norris & Elrod, 
2006). Research shows that social support from network 
members aids those affected and contributes to a faster 
recovery from the negative consequences of exposure to 
disasters (Kaniasty, 2012). This is in part because survivors 
with high social capital have better access to resources in 
their community, such as financial, physical, and informa-
tional support (Aldrich, 2011). In China, adults with more 
social support showed lower risk of depression 6 months 
after the 2008 Wenchuan earthquake (Guo et  al., 2015). 
However, research on the buffering effects of social par-
ticipation and social support for SARS exposure and older 
adults’ health is lacking.

The Present Study
Using nationally representative data from the 2011 China 
Health and Retirement Longitudinal Survey (CHARLS), 
we examine 2003 SARS epidemic exposure at the com-
munity level and its implications for two health outcomes 
among Chinese older adults: depression and elevated in-
flammation. We also examine two potential buffers of the 
negative implications of SARS exposure for health: social 
participation and perceived social support. Specifically, we 
test the following hypotheses:

Hypothesis 1: Chinese older adults living in communities 
exposed to the SARS epidemic are more likely to (a) be de-
pressed and (b) have elevated inflammation compared to 
those not living in communities exposed to SARS.

Hypothesis 2: The associations between community-
level SARS exposure and both depression and elevated 
inflammation will be weaker among Chinese older adults 
who report having perceived support compared to those 
who report lacking perceived support.

Hypothesis 3: The associations between community-
level SARS exposure and both depression and elevated in-
flammation will be weaker for Chinese older adults who 
report higher levels of social participation.

Method
Data and Sample
Data were taken from the 2011 wave of CHARLS, a na-
tionally representative survey of Chinese adults aged 45 
and older (Zhao et al., 2014). CHARLS adopted a strati-
fied multistage (province–county/district–village/neighbor-
hood) random probability sampling strategy, interviewing 
17,708 residents from 450 communities across 28 prov-
inces in China (response rate = 80.5%). For the 2011 wave, 
a venous blood sample was collected from participants 
by medically trained China Center for Disease Control 
and Prevention (CDC) staff. Among participants, 11,847 
(67.0%) provided fasting blood samples from which 
biomarkers were identified (Zhao et al., 2014). CHARLS 
included a questionnaire regarding the social, economic, 
history, and policy environments of the community, 
based on professional interviewers’ observations and on 
interviews with knowledgeable community leaders. We 
obtained a measure of SARS exposure in the community 
from the CHARLS community survey (only available in the 
2011 wave).

Our analysis included participants who were aged 
60  years and older in 2011, and who provided fasting 
blood samples as part of the biomarker survey (n = 5,099). 
We excluded participants who moved to the survey com-
munity after the initial SARS disease appearance in 2002 
(n  =  758), resulting in a final study sample of 4,341 
participants from 419 communities. We also used variables 
from the Harmonized CHARLS data files produced by the 
Center for Economic and Social Research at the University 
of Southern California.

Measures

Inflammation
We assessed inflammation using levels of C-reactive pro-
tein (CRP) from venous blood tests. CRP is a marker of 
systemic inflammation sensitive to chronic stress, and a 
predictor of cardiovascular disease, functional decline, and 
mortality (Kiecolt-Glaser et al., 2010). Other inflammatory 
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biomarkers such as interleukin-6 (IL-6) and tumor necrosis 
factor alpha (TNF-α) were not available in the CHARLS 
data. We created a dichotomous indicator of elevated in-
flammation based on a threshold of CRP scores greater 
than or equal to 3.0 mg/l, which is widely used as a clinical 
cut point for inflammation in older Chinese samples (Yeh 
& Willerson, 2003; Zhang & Crimmins, 2019).

Depression
Participants were asked to respond to 10 items from the 
Center for Epidemiological Studies-Depression scale (CES-
D; Radloff, 1977). Response options varied from 0 (rarely 
or none of the time) to 3 (most or all the time). Summary 
scores ranged from 0 to 30 (α = 0.80). A threshold of 12 for 
the 10-item CES-D scale was validated and recommended 
for identifying probable clinical depression among Chinese 
older adults (Cheng & Chan, 2005). This threshold was 
used to create a dichotomous indicator of depression.

SARS exposure
In the community survey, local officials, or two to three 
older persons who were familiar with the history of com-
munity, provided information about the three most severe 
natural disasters or epidemics that occurred in their com-
munity since 1945. The list included floods, droughts, fires, 
earthquakes, typhoons, snow, and epidemics of hepatitis A, 
SARS, measles, Hand, Foot, and Mouth Disease, mumps, 
influenza A, and AIDS. We considered the community to 
be exposed to the SARS epidemic (1  =  yes) if SARS was 
mentioned as one of the three natural disasters or epidemics 
in the community.

Because the measure of SARS exposure was based on a 
retrospective account, we sought to assess the validity of the 
measure by examining whether communities identified as 
having been exposed to SARS in the CHARLS data cohered 
with those areas of China known to have had elevated inci-
dence of SARS during the 2003 epidemic (e.g., World Health 
Organization, 2003b). In the CHARLS data, communities 
identified as being exposed to SARS included those areas 
that experienced local transmission of SARS during the 
2003 SARS epidemic (e.g., Beijing, Guangdong Province, 
and Hebei Province). Further, those communities known not 
to have been exposed to infection during the 2003 SARS ep-
idemic are also consistently identified in the CHARLS (e.g., 
Heilongjiang Province and Yunnan Province; see Fang et al., 
2009; World Health Organization, 2003b). Thus, we believe 
the measure of community-level SARS exposure has ade-
quate construct validity for this study.

Social participation
Social participation was assessed by self-report of the fre-
quency of engagement in eight activities in the month prior 
to the interview, including (a) interaction with friends, (b) 
playing Ma-jong/chess/cards or going to a community club, 
(c) providing help to family, friends, or neighbors, who 
did not live with the participant and who did not pay the 

participant for help, (d) going to a sport, social, or other 
kind of club, (e) taking part in a community-related orga-
nization, (f) doing voluntary or charity work, (g) caring for 
a sick or disabled adult who did not live with the partici-
pant and who did not pay the participant for help, and (h) 
attending an educational or training course. Each item was 
rated at 0 = not participating, 1 = not regularly, 2 = almost 
every week, and 3 = almost every day. A cumulative score 
was created to indicate level of social participation.

Perceived social support
Participants were asked “Suppose that in the future, 
you needed help with basic daily activities like eating or 
dressing. Do you have relatives or friends (besides your 
spouse/partner) who would be willing and able to help you 
over a long period of time?” Perceived social support was 
assessed as 1 = had perceived social support and 0 = no 
perceived social support.

Covariates
Individual characteristics included participants’ age (in 
years), gender (1 = female and 0 = male), education (1 = il-
literate/no formal education [reference group], 2 = elemen-
tary school, 3 = middle school, 4 = high school or above), 
marital status (1 = married and 0 = divorced, never mar-
ried, or widowed), urban–rural residence (1  =  rural and 
0 = urban), personal annual income (in yuan, transformed 
by the natural log), number of children, self-rated health 
(1 =  fair or poor and 0 = good or excellent), activity of 
daily living limitations (a sum score of six items including 
dressing, eating, bathing, getting in and out of bed, using 
the toilet, and controlling urination), and instrumental ac-
tivity of daily living limitations (a sum score of five items 
including managing money, taking medications, shopping 
for groceries, preparing meals, and house cleaning). Health 
behaviors included smoking (1 = never smoked, 2 = former 
smoker, and 3  =  current smoker), alcohol consumption 
(1 = never drank, 2 = occasionally drink, and 3 = regularly 
drink), and vigorous physical activity (1 = no, 2 = yes, and 
3 = no response due to survey design).

Community characteristics included neighborhood 
environment and infrastructure availability (Wang & 
Stokes, 2020). Neighborhood environment was measured 
by interviewers’ evaluation of community socioeconomic 
status (1 = poor to 7 = rich), tidiness of roads (1 = very dirty 
to 7 = very tidy), construction organization (1 = very dis-
organized to 7 = very organized), crowdedness (1 = very 
crowded to 7 = very sparse), handicapped access (1 = no 
handicapped access to 7 = very convenient), and Mandarin 
fluency (1 = cannot speak to 7 = fluent). A mean score was 
created with higher scores indicating a better environ-
ment (range = 1–7; α = .70). Infrastructure availability was 
measured by the availability of bus services, sewer systems, 
reconstructed toilet system, tap water, natural gas or liq-
uefied gas, and waste management services (range = 0–6, 
α = .71).
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Analytic Strategy

We first conducted bivariate analyses of individual and com-
munity characteristics by community-level SARS epidemic 
exposure. Next, we estimated multilevel logistic regression 
models for depression and elevated inflammation. Multilevel 
modeling was used to account for the nesting of individuals 
within communities (Snijders & Bosker, 2012). Interaction 
terms between SARS epidemic exposure and (a) social partic-
ipation and (b) perceived social support were then included 
to examine potential moderation/buffering effects.

The vast majority (93%) of participants had com-
plete information on all analytic variables. Missing data 

diagnostics revealed no clear pattern of missingness. 
Therefore, missing data were addressed using multiple im-
putation by chained equations (Royston, 2005). A  total 
of 10 complete data sets generated and analyzed in Stata 
Version 16.

Results
Descriptive characteristics are presented in Table 1. Results 
from bivariate analyses showed that Chinese older adults 
living in communities exposed to the SARS epidemic were 
more likely to have elevated inflammation (26% vs 21%, 

Table 1. Characteristics of Chinese Older Adults by Community SARS Epidemic Exposure From the CHARLS

Variables

Full sample (N = 4,341) Exposed to SARS (n = 492)
Not exposed  
to SARS (n = 3,849)

t or χ 2Mean/% (SD) Mean/% (SD) Mean/% (SD)

Depression, % 34 37 33  
Inflammation, % 22 26 21 *
Social participationa 1.19 (1.70) 1.14 (1.77) 1.19 (1.70)  
Perceived social support, % 70 74 69 *
Individual characteristics
 Age (in years) 67.88 (6.51) 67.73 (6.15) 67.89 (6.56)  
 Female, % 49 50 49  
 Education, %
  Illiterate/no formal education 61 56 61 *
  Elementary school 24 23 25  
  Middle school 11 15 10 **
  High school or above 4 6 3 *
 Married, % 79 78 79  
 Number of children 3.39 (1.59) 3.57 (1.50) 3.37 (1.60) **
 Income (in yuan) 789.55 (3,939) 686.65 (3,964) 802.74 (3,936)  
 Rural residence, % 69 66 69  
 ADL limitationsb 0.57 (1.24) 0.65 (1.30) 0.56 (1.24)  
 IADL limitationsc 0.70 (1.29) 0.74 (1.33) 0.69 (1.29)  
 Poor self-rated health, % 35 36 35  
 Smoking, %
  Never smoked 57 60 57  
  Former smoker 12 14 11  
  Current smoker 31 26 32 **
 Drinking alcohol, %
  Never drank 69 74 69 *
  Occasionally drink 6 6 6  
  Regularly drink 24 20 25 *
 Vigorous physical activity, %
  No 29 28 29  
  Yes 12 11 12  
  No response 59 60 59  
Community characteristics
 Neighborhood environmentd 3.62 (1.01) 3.80 (0.97) 3.60 (1.01)  
 Infrastructure availibilitye 2.71 (1.90) 3.23 (1.89) 2.64 (1.89) *

Notes: ADL = activity of daily living; CHARLS = China Health and Retirement Longitudinal Survey; IADL = instrumental activity of daily living; SARS = Severe 
Acute Respiratory Syndrome; SD = standard deviation.
aSum score of eight items rated from 0 = did not participate to 3 = participated almost daily. bSum score of six ADL items coded as 1 = yes and 0 = no. cSum score 
of five IADL items coded as 1 = yes and 0 = no. dMean score of six items rated from 1 to 7.  eSum score of six items coded as 1 = yes and 0 = no.
*p < .05. **p < .01.
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p = .03) and perceived social support (74% vs 69%, p = .03) 
compared to their counterparts living in communities not 
exposed to SARS. However, they did not differ concerning 
depression (37% vs 33%, p = .09) or social participation 
(1.14 vs 1.19, p = .51).

Table 2 presents results from multilevel logistic regres-
sion models concerning SARS epidemic exposure and de-
pression. The results showed that living in communities 
exposed to SARS was not significantly associated with the 
risk of depression overall (Model 1). Older adults who 
perceived they had social support were at a lower risk of 
depression (Model 1: OR =  0.54, 95% CI  = 0.45–0.65). 
We found a significant interaction between SARS exposure 
and perceived social support for older adults’ depression 
(Model 2: OR = 0.55, 95% CI = 0.32–0.94). In a stratified 

analysis (Supplementary Table 1), exposure to the SARS ep-
idemic was significantly related to a higher risk of depres-
sion for Chinese older adults who reported no perceived 
social support (OR = 1.84, 95% CI = 1.15–2.93); however, 
the association between SARS exposure and depression 
was not significant for older adults who reported perceived 
social support (OR = 1.05, 95% CI = 0.73–1.52). Figure 1 
illustrates how SARS exposure was related to the proba-
bility of depression depending on perceived social support 
(calculated from results in Model 2).

Table  3 shows results for multilevel logistic regression 
models concerning SARS epidemic exposure and elevated 
inflammation. Results indicated that living in communities 
exposed to the SARS epidemic was significantly associ-
ated with a higher risk of elevated CRP overall (Model 1: 

Table 2. Results From Multilevel Logistic Models for Community SARS Epidemic Exposure and Depression Among Chinese 
Older Adults

Variables

Model 1 Model 2

OR [95% CI] OR [95% CI]

Fixed effects

 SARS exposure 1.30 [0.97, 1.74] 1.99** [1.23, 3.21]

 × Social participation  1.03 [0.89, 1.18]

 × Perceived support  0.55* [0.32, 0.94]

 Social participationa 1.00 [0.96, 1.05] 1.00 [0.95, 1.05]

 Perceived social support 0.54*** [0.45, 0.65] 0.58*** [0.48, 0.70]

 Individual characteristics

  Age 0.98* [0.97, 0.99] 0.98* [0.97, 0.99]

  Female 1.88*** [1.51, 2.35] 1.90*** [1.52, 2.37]

  Education (ref: no education)

    Elementary school 1.04 [0.86, 1.26] 1.04 [0.86, 1.26]

   Middle school 0.74* [0.56, 0.99] 0.74* [0.56, 0.98]

    High school and above 0.68 [0.42, 1.10] 0.68 [0.42, 1.10]

  Married 0.64*** [0.53, 0.78] 0.64*** [0.53, 0.78]

   Number of children 1.06 [0.99, 1.11] 1.05 [0.99, 1.11]

  Income 0.98 [0.94, 1.02] 0.98 [0.94, 1.01]

  Rural residence 1.05 [0.80, 1.37] 1.04 [0.80, 1.36]

  ADL limitationsb 1.26*** [1.16, 1.37] 1.26*** [1.16, 1.37]

  IADL limitationsc 1.27*** [1.18, 1.37] 1.27*** [1.18, 1.37]

   Poor self-rated health 2.55*** [2.17, 3.00] 2.54*** [2.16, 2.99]

  Smoking (ref: never smoked)

   Current smoker 1.18 [0.89, 1.57] 1.19 [0.90, 1.58]

   Former smoker 1.23 [0.98, 1.53] 1.23 [0.99, 1.54]

  Drink alcohol (ref: never drank)

    Occasionally drink 0.98 [0.69, 1.37] 0.97 [0.69, 1.36]

   Regularly drink 0.97 [0.79, 1.19] 0.96 [0.79, 1.18]

  Vigorous physical activity (ref: no)

   Yes 1.23 [0.95, 1.60] 1.23 [0.95, 1.60]

   No response 1.17 [0.98, 1.38] 1.17 [0.98, 1.38]

 Community characteristics

   Neighborhood environmentd 0.97 [0.86, 1.08] 0.97 [0.86, 1.08]

   Infrastructure availibilitye 0.88*** [0.81, 0.96] 0.88*** [0.81, 0.95]

Random effects B (SE) B (SE)

 Community variance 0.31*** (0.07) 0.31*** (0.07)

Notes: N = 4,341. ADL = activity of daily living; CI = confidence interval; IADL = instrumental activity of daily living; OR = odds ratio; SARS = Severe Acute 
Respiratory Syndrome; SE = standard error.
aSum score of eight items rated from 0 = did not participate to 3 = participated almost daily. bSum score of six ADL items coded as 1 = yes and 0 = no. cSum score 
of five IADL items coded as 1 = yes and 0 = no. dMean score of six items rated from 1 to 7.  eSum score of six items coded as 1 = yes and 0 = no.
*p < .05. **p < .01. ***p < .001.

http://academic.oup.com/gerontologist/article-lookup/doi/10.1093/geront/gnaa219#supplementary-data
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OR = 1.30, 95% CI = 1.01–1.69). Although social partic-
ipation and perceived social support were not significantly 
associated with the risk of elevated CRP directly, we found a 
significant interaction between SARS exposure and social par-
ticipation, indicating a buffering effect (Model 2: OR = 0.85, 
95% CI  =  0.74–0.99). In a stratified analysis separating 
older adults with high and low levels of social participation 
(Supplementary Table 2), community exposure to SARS was 
significantly associated with a higher risk of elevated CRP 
among those with low social participation (OR = 1.59, 95% 
CI = 1.15–2.20), but not among those with higher levels of so-
cial participation (OR = 0.80, 95% CI = 0.50–1.28). Figure 2 
illustrates community exposure to the SARS epidemic and the 
probability of elevated CRP based on older adults’ social par-
ticipation (calculated from results in Model 2).

Discussion
Using a large national sample of Chinese older adults, this 
study examined the associations of community-level ex-
posure to the 2003 SARS epidemic with risks of depres-
sion and elevated inflammation 8  years later. Findings 
demonstrated long-lasting harm for physiological health to 
Chinese older adults who lived in communities with ex-
posure to SARS. Moreover, perceived social support and 
social participation emerged as salient protective factors 
for the health of Chinese older adults exposed to the SARS 
epidemic. Findings from this study offer important insights 
for future pandemic research among aging populations, es-
pecially for the rapidly developing COVID-19 pandemic.

Depression and Inflammation After the 2003 
SARS Epidemic

Results from this study were mixed, yet highlight the po-
tential long-term ramifications of community-level infec-
tious disease exposure for older adults’ mental and physical 
health. Indeed, our findings suggest that even those who ul-
timately avoid infection are still at risk of experiencing neg-
ative health consequences years after the event has passed.

Unlike earlier studies that found increased depressive 
symptoms or higher depression risk after disaster expo-
sure (Cherry et al., 2015), our results regarding depression 
risk following community exposure to SARS were fairly 
weak overall and offered little support for Hypothesis 1. 
Community-level SARS exposure was not related to the risk 
of depression overall, although the interaction term with 
perceived support was statistically significant. Results from 
a stratified model revealed a significant association between 
community-level SARS exposure and depression risk only 
among those who perceived a lack of social support. Overall, 
this may indicate emotional resilience following SARS ex-
posure, at least among those with supportive networks, and 
those who survived to follow-up (Bonanno et  al., 2008). 
People often have psychological trauma immediately after 
exposure to a disaster, yet they may cope with traumatic 
experiences and rebuild their psychological resilience as time 
passes (Pietrzak et al., 2012). Conversely, those who did not 
recover from trauma may be at higher risk of mortality, and 
unavailable to provide data years after an epidemic.

Results concerning elevated inflammation were stronger and 
more robust compared to depression. Our findings revealed 
that living in a community exposed to the SARS epidemic was 
related to a significantly higher risk of elevated CRP 8 years 
following the event. This is consistent with the stress process 
model (Pearlin & Bierman, 2013), and with empirical research 
on the health consequences of disasters (Norris & Elrod, 2006). 
These results also offer support for Hypothesis 1. Like other 
large-scale natural disasters, exposure to the SARS epidemic 
was a traumatic stressor, and older adults suffered from higher 
inflammation risk nearly a decade following the epidemic.

Elevated inflammation risk reflects some of the under-
lying physiological responses to a community-level traumatic 
stressor (Hänsel et al., 2010). Moreover, elevated CRP is a 
risk factor for cardiovascular disease, functional decline, and 
mortality (Zhang & Crimmins, 2019). Thus, our findings 
suggest health consequences of infectious disease epidemics, 
even for those individuals not directly affect or infected, may 
be quite long-lasting. Moreover, despite the apparent po-
tential for psychological resilience, the physiological stress 
responses incited by SARS exposure may be more perma-
nent, and thus, perhaps, more harmful in the long term.

Buffering Effects of Social Participation and 
Perceived Support

The impact of a disaster on health and well-being depends on 
a combination of risk and resilience factors (Bonanno et al., 
2010). Our findings offered partial support for Hypotheses 
2 and 3, which anticipated buffering effects of social sup-
port and social participation, as posited by the stress process 
model (Pearlin & Bierman, 2013). Results provided evidence 
for perceived support as a buffer for depression (Hypothesis 
2) and social participation as a buffer for elevated inflam-
mation (Hypothesis 3). Overall, findings were suggestive of 
the protective role that social capital and social relationships 
may play, even in the setting of an infectious disease epidemic. 
These findings are of particular interest, because many of the 

Figure 1. Community Severe Acute Respiratory Syndrome (SARS) ep-
idemic exposure and perceived social support for depression among 
Chinese older adults. Notes: N = 4,341. Multilevel models were adjusted 
for individual- and community-level characteristics.

http://academic.oup.com/gerontologist/article-lookup/doi/10.1093/geront/gnaa219#supplementary-data
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social partners and relationships these older adults engage 
with and rely on were likely also exposed to the SARS epi-
demic within the same community.

Although most disasters are unpredictable, prospective 
strengthening of social capital may lessen the long-term 
consequences for those exposed to the trauma associated 
with these events. Active social participation and supportive 
social ties are essential for healthy aging. Research has 
documented that social participation and support contribute 
to health and longevity for older adults (Sirven & Debrand, 
2008). This study indicated that, even in circumstances that 
require social distancing and self-quarantine, efforts to bol-
ster social capital and supportive relationships may be key, 
in both the immediate and the longer term. Results also 
suggested that social participation and support after the 

SARS epidemic event may be important in facilitating resil-
ience and recovery (Bonanno et al., 2008). Thus, maintaining 
active social participation throughout life, and building so-
cial capital that yields effective social support in times of 
need, provides resilient coping strategies for older adults, 
even when disasters are not predictable.

Limitations

The research design was cross-sectional and based on ob-
servational data, limiting causal inference. Second, the 
measure of community-level exposure to the SARS epidemic 
was based on retrospective reports from local residents or 
community officials familiar with their community’s history. 
Because the CHARLS did not provide community identifiers, 

Table 3. Results From Multilevel Logistic Models for Community SARS Epidemic Exposure and Inflammation Among Chinese 
Older Adults

Variables

Model 1 Model 2

OR [95% CI] OR [95% CI]

Fixed effects

 SARS exposure 1.30* [1.01, 1.69] 0.97 [0.59, 1.57]

 × Social participation  0.85* [0.74, 0.99]

  × Perceived social support  1.47 [0.85, 2.54]

 Social participationa 1.01 [0.96, 1.06] 1.03 [0.98, 1.08]

 Perceived social support 0.90 [0.76, 1.08] 0.86 [0.72, 1.04]

 Individual characteristics

  Age 1.02* [1.00, 1.03] 1.02* [1.00, 1.03]

  Female 1.00 [0.80, 1.24] 1.00 [0.80, 1.24]

  Education (ref: no education)

   Elementary school 0.99 [0.82, 1.21] 0.99 [0.82, 1.21]

   Middle school 0.80 [0.61, 1.06] 0.81 [0.61, 1.07]

    High school and above 1.05 [0.70, 1.57] 1.07 [0.71, 1.60]

  Married 0.87 [0.72, 1.06] 0.87 [0.72, 1.06]

  Number of children 1.06* [1.00, 1.11] 1.06* [1.00, 1.11]

  Income 0.98 [0.95, 1.02] 0.98 [0.95, 1.02]

   Rural residence (ref: urban) 0.89 [0.70, 1.13] 0.89 [0.71, 1.14]

  ADL limitationsb 0.99 [0.91, 1.07] 0.99 [0.91, 1.07]

  IADL limitationsc 1.08 [0.99, 1.16] 1.08 [0.99, 1.16]

   Poor self-rated health 1.32** 1.32** 1.32** [1.12, 1.57]

  Smoking (ref: never smoked)

   Current smoker 1.24 [0.95, 1.64] 1.23 [0.94, 1.62]

   Former smoker 1.21 [0.97, 1.51] 1.21 [0.97, 1.51]

  Drinking alcohol (ref: never drank)

    Occasionally drink 0.88 [0.63, 1.24] 0.89 [0.64, 1.25]

   Regularly drink 1.02 [0.84, 1.25] 1.02 [0.97, 1.25]

  Vigorous physical activity (ref: no)

   Yes 0.62** [0.46, 0.83] 0.62** [0.46, 0.83]

   No response 0.90 [0.76, 1.07] 0.90 [0.76, 1.07]

 Community characteristics

   Neighborhood environmentd 0.97 [0.88, 1.08] 0.97 [0.87, 1.07]

   Infrastructure availibilitye 1.03 [0.96, 1.10] 1.03 [0.96, 1.11]

Random effects B (SE) B (SE)

 Community variance 0.16** (0.05) 0.16** (0.05)

Notes: N = 4,341. ADL = activity of daily living; CI = confidence interval; IADL = instrumental activity of daily living; OR = odds ratio; SARS = Severe Acute 
Respiratory Syndrome; SE = standard error.
aSum score of eight items rated from 0 = did not participate to 3 = participated almost daily. bSum score of six ADL items coded as 1 = yes and 0 = no. cSum score 
of five IADL items coded as 1 = yes and 0 = no. dMean score of six items rated from 1 to 7.  eSum score of six items coded as 1 = yes and 0 = no.
*p < .05. **p < .01.
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to protect confidentiality, this study was not able to use ob-
jective information from the China CDC to validate the inci-
dence and severity of SARS exposure across all communities. 
Moreover, because the retrospective reports concerned 
the three most severe natural disasters or epidemics that 
occurred in the community since 1945, SARS exposure may 
not be reported by community representatives due to other 
more severe or more recent disasters in the community. Thus, 
this measure is subject to potential recall bias. Third, there 
was no information available in CHARLS concerning pre-
SARS health conditions, or concerning participants’ actual 
or perceived individual exposure to SARS, and these factors 
may confound associations between community-level SARS 
exposure and older adults’ health. Future research con-
cerning COVID-19 and other public health disasters may 
benefit from prospective longitudinal data analysis.

Potential confounders unavailable in the CHARLS data 
may also explain the implications of epidemic disaster 
exposure. Personality traits and coping styles may alter 
the effects of stressful events such as disaster and trauma 
on health, through appraisal and stress reduction (Riolli 
et al., 2002). During the epidemic, people may have expe-
rienced worries, fear of infection, discrimination of being 
potential SARS patients, and social isolation (Boyraz et al., 
2020), and they may suffer from the loss of loved ones 
(Verdery et  al., 2020). These psychological stressors may 
lead to acute mental disease and long-term health deterio-
ration. In addition, there is a possibility of other unmeas-
ured environmental factors, such as the perceived cohesion 
of neighborhoods and availability of relatives in the same 
neighborhood, that may partially explain the associations 
between epidemic exposure and older adults’ health.

Implications for Policy and Future Research

One of the central contributions of this study is that its 
findings set a baseline for future research on COVID-19 

and its consequences for older adults. SARS and COVID-19 
have similar epidemiological and clinical features (Xu et al., 
2020), and their similarities include that both: (a) are novel 
and highly contiguous; (b) require testing and quarantine; 
(c) evidenced sudden onset and rapid spread; and (d) created 
large-scale public health emergencies. In addition, older 
adults were at higher risk of infection and mortality during 
the 2003 SARS and COVID-19 crises. Differences include 
that the 2003 SARS event was felt most heavily in urban 
China, whereas COVID-19 became a global pandemic with 
a much higher mortality count and economic impact. Yet 
even these differences served to underscore the importance 
of the present findings. Given the unprecedented scale of the 
COVID-19 pandemic, it is likely that its experience as a trau-
matic stressor is greater and more enduring than that of the 
2003 SARS epidemic, even among those who avoid infec-
tion. The need to identify factors associated with resilience 
and recovery among the older population are of the utmost 
importance (Horesh & Brown, 2020).

Policymakers should provide resources to improve ac-
cess to social support and participation in activities among 
older adults in the communities in which they reside, even 
and especially under circumstances of social distancing and 
quarantine. Such programs may help enhance resilience 
and buffer against the harmful effects of COVID-19 expo-
sure and its related stress experiences among the older pop-
ulation. These activities may also help older adults build 
and maintain social capital for the future, as a source of 
social support in times of need, the most extreme of which 
may be largely unpredictable.

Conclusion

The present study makes several contributions to the growing 
literature concerning regional and global disasters and older 
adults’ health. Findings showed that health effects from ex-
posure to disaster events, including the 2003 SARS epidemic, 
are long-lasting. This was particularly evident concerning el-
evated inflammation, indicating that stress from exposure to 
such disasters may “get under the skin.” Further, although 
evidence was somewhat mixed, both perceived social sup-
port and social participation emerged as stress buffers. As 
researchers and policymakers prepare for the long-term 
consequences of the COVID-19 pandemic, the present study 
offers both a baseline and a roadmap for examining such 
effects among the older population.
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