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EPIDEMIC EXPOSURE AND HEALTH BEHAVIORS

Abstract

Objectives: To determine whether exposure to an epidemic is associated with better health
behaviors.

Methods: Using nationally representative survey data collected in 2011 and 2014, we identified
middle-aged and older Chinese adults whose communities experienced an outbreak of the 2002—
2004 severe acute respiratory syndrome (SARS). We estimated logistic models of health behaviors in
the years after the SARS epidemic.

Results: Compared to those who lived in communities not hit by the epidemic, respondents who
lived in communities with a SARS outbreak in 2002-2004 were more likely to get a physical
examination in 2010-2011 and have their blood pressure checked and participate in regular physical
exercise in the years following the SARS epidemic. These associations varied by gender and rural—
urban residence.

Discussion: Exposure to the SARS epidemic could be positively associated with health behavior
among middle-aged and older Chinese adults.
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As of April 28, 2020, China reported 84,347 confirmed coronavirus disease 2019 (COVID-19)
cases and 4,643 deaths, making it one of the hardest-hit countries (World Health Organization,
2020). Even though China has slowed the spread of COVID-19, one pressing question is: Will COVID-
19 have any long-term impact on health behaviors or outcomes for China’s aging population? The
trauma and loss of life is unmistakable and remains ongoing, but some studies have suggested that
public health crises such as epidemics and pandemics may induce positive changes in health
behavior among survivors. For example, one recent study found that in Mexico, the 2009 HIN1
pandemic caused positive changes in hygiene practices such as frequent hand washing and increased
use of hand sanitizers, which in turn led to fewer diarrhea-related cases among young children in
2010-2012 (Agliero & Beleche, 2017).

It is too early to explore whether the COVID-19 pandemic will induce any health-conscious
behavioral changes among Chinese older adults. Therefore, we sought insights from an earlier
epidemic—the 2002-2004 severe acute respiratory syndrome (SARS) outbreak. The SARS outbreak
started in China in November 2002, with the major part of the outbreak lasting about 8 months and
causing more than 8,000 cases and more than 800 deaths in 29 countries and territories (World
Health Organization, 2004). There are several similarities between SARS and COVID-19. First, the two
diseases are caused by two related coronavirus strains. Hence, they have similar physiological
symptoms and are both transmitted through close interpersonal contact or contact with
contaminated objects. Second, both diseases were novel when first reported and to date, there have
been no specific treatments or vaccines available. Third, during both the 2002—2004 SARS outbreak
and the current COVID-19 pandemic, middle-aged and older adults were particularly vulnerable in
terms of infection and mortality rates (Epidemiology Working Group, 2020; World Health
Organization, 2003).

This study examined the association between community exposure to the 2002—-2004 SARS
outbreak and health behaviors in the years up to 2011 in middle-aged and older Chinese adults.
Previous research on this topic rarely distinguished between younger and older adults (Agliero &
Beleche, 2017; Bennett et al;, 2015; Lau et al., 2005). We focused on middle-aged and older adults
because they face not only higher risk related to SARS and COVID-19 but are also more likely to have
chronic diseases than younger adults (Population Reference Bureau, 2020). A better understanding
of changes in health behavior after the SARS outbreak will help inform public health interventions to
mitigate disease risks in general and during future epidemics. We examined several outcome
variables of physical exercise and utilization of preventive health care that are highly cost-effective
behaviors to promote population health and successful aging (Dupas, 2011; Feng et al., 2020) and
were behaviors of interest in previous research on SARS (Bennett et al., 2015; Lau et al., 2005).

This study expands the literature in several ways. First, previous research on SARS examined
health behaviors when the epidemic was ending or during its immediate aftermath (Bennett et al.,
2015; Lau et al., 2005). We extended the time span to 2011 and provided new evidence of long-term
differences in health behavior. Second, some researchers relied on aggregate data that were
susceptible to potential ecological fallacy (Agliero & Beleche, 2017), whereas others analyzed
individual-level data in a single city or province where spatial variation was limited (Bennett et al.,
2015; Lau et al., 2005). Using a multilevel design and nationally representative data, we exploited
the spatial variation in the SARS outbreak across China, measured exposure at the community level,
and examined health behaviors at the individual level. Third, previous research ignored the potential
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heterogeneity of populations when examining potential links between health behavior and
experiencing an epidemic (Agliero & Beleche, 2017; Bennett et al., 2015; Lau et al., 2005). In China,
men, women, and rural and urban residents have different perceptions of health risks (Fan et al.,
2013; Whyte & Sun, 2010), which in turn contributes to considerable gender and rural-urban
disparities in health behaviors and outcomes (Population Reference Bureau, 2020). Therefore, we
formally tested gender and rural—urban differences in the associations between SARS exposure and
health behaviors.

Methods
Study Participants

The data were drawn from the China Health and Retirement Longitudinal Study (CHARLS), a
nationally representative longitudinal survey of adults aged 45 or older and their spouses, if
available. CHARLS sampled 17,708 residents from 150 counties across 28 provinces in China at the
2011 baseline, with a response rate of 80.5% (Zhao et al., 2014). The 2011 baseline survey included a
community module collecting data from local officials about current socioeconomic conditions and
community histories. In 2014, a follow-up survey was conducted to collect data on respondents’
retrospective life histories, including health behaviors and-health care services prior to the baseline
survey.

We constructed the analytic sample in several steps. First, we applied several sample
eligibility criteria, including: (a) 50 years old or older at baseline; (b) successful follow-up in 2014;
and (c) living in the same community during the 2002—-2004 SARS epidemic. These sample
restrictions were adopted to ensure validity and reliability in measuring several key variables of
interest. Migration is unlikely a serious concern because only 5.0% of the original sample had
migrated; nonetheless, these individuals were excluded in our analysis. In the 2011 community
survey, local officials were asked to'list natural disasters and epidemics that occurred in the past.
Using this information, we identified 1,324 eligible respondents living in 60 communities where a
SARS outbreak occurred. We considered these respondents as having community exposure to SARS.
We defined the unexposed control group as individuals from the same prefectures but different
communities where no SARS outbreaks occurred. We identified 1,883 respondents from 71
communities as the control group. Last, we excluded 170 respondents with missing data on any
independent variable. To maximize statistical power, we allowed the final sample size to vary
depending on the number of valid responses for each health outcome. As a result, the analytic
sample ranged from 2,077 (for physical examination) to 3,037 (for regular physical exercise).

Measures

We examined four health behavior outcomes. Based on self-reports in the 2011 baseline
survey, the first outcome was a dichotomous indicator of whether the respondents had a regular
physical examination in the past year. Using retrospective recall data from the 2014 follow-up
survey, the other three dichotomous outcome variables indicated whether in the years following the
2002-2004 SARS epidemic, respondents ever: (a) had their blood pressure checked; (b) took a blood
test (to measure, for example, cholesterol and glucose levels); and (c) participated in regular physical
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exercise for at least 1 year. These are the only health behavior variables available in the CHARLS data
that are suitable for both men and women. Two other health behaviors—smoking and drinking—
were very rare in middle-aged and older Chinese women.

The key independent variable of interest was community exposure to SARS, coded 1 if there
was a SARS outbreak in the respondent’s community during the 2002—-2004 epidemic and coded 0
otherwise. Following recent research on health behaviors among older Chinese adults (Feng et al.,
2020), we controlled for respondents’ demographic and socioeconomic characteristics, self-reports
of chronic conditions and physical functioning, and community socioeconomic conditions and
provincial fixed effects (see Table 1).

Statistical Analysis

We estimated logistic regression models of the dichotomous outcome variables. Statistical
significance was based on robust standard errors that adjusted for clustering at the community level.
We used two approaches to test gender and rural-urban variations: adding interactions and
conducting subsample analysis. The results were similar, and we present subsample analysis for ease
of interpretation. We compared regression coefficients across subsamples using the seemingly
unrelated regression method.

Results
Descriptive Statistics

Table 1 reports descriptive statistics of the dependent and independent variables. Less than
1in 5 respondents (16.3%) participated in regular physical exercise for at least a year. Participants
exposed to the SARS outbreak in their communities were more likely to participate in regular
physical exercise (20.4%) than those with no exposure (13.4%). Nearly half of the respondents
(46.6%) had a physical examination in the past year. Since the end of the SARS epidemic, 41.2% of
the respondents had their blood pressure checked and 36.0% had a blood test. There was little
difference in rates of physical examination, blood pressure checks, or blood tests between
respondents who were exposed to SARS and those who were not. Again, people who were exposed
to the SARS outbreak had slightly higher rates of blood pressure checks (42.5%) and blood tests
(35.8%) than those who were not (39.6% and 35.6%, respectively).

[Table 1 here]
Logistic Regression Estimates

Table 1 reports the estimates of odds ratios from the logistic models in the full sample.
Compared with participants whose communities were not affected, the respondents whose
communities experienced a SARS outbreak had 40% higher odds of participation in regular physical
exercise and 19% higher odds of having their blood pressure checked during recent years. No
significant association was found between community exposure to SARS and recent physical
examinations or blood tests.

[Table 2 here]
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Table 3 shows the estimated odds ratios from separate logistic models with gender and
rural—urban subsamples. In terms of gender variations, community exposure to SARS was positively
associated with participation in regular physical exercise and blood pressure checks in the male
subsample but not in the female subsample. However, these gender differences were not
statistically significant. With respect to rural—urban variations, community exposure to SARS was
positively associated with blood pressure checks and blood tests in the urban subsample and regular
physical exercise in the rural subsample. There were statistically significant rural-urban differences
with respect to recent blood pressure checks and blood tests.

[Table 3 here]

As a sensitivity check, we repeated the same regression analyses as in Tables 2 and 3 using
multiple imputation by chained equations with five replications for missing data. The results are
shown in Appendix Tables A1 and A2. Most results remained qualitatively unchanged except that the
association between SARS exposure and blood pressure checks was no longer significant in the full
sample.

Discussion

Using nationally representative survey data, we found long-term positive associations
between community exposure to the 2002—-2004 SARS epidemic and health behaviors in later years
among middle-aged and older Chinese adults. The association was most notable for participation in
regular physical exercise, which might be more cost effective and less constrained by access to
health resources than the other outcomes, which are more dependent on access to and use of
preventive health care. It is possible that people improved their health behavior following direct
community experience with SARS (Agiliero & Beleche, 2017). However, due to a lack of measures in
the pre-SARS period, the internal validity of our regression models is insufficient and we can’t
conclude that exposure to SARS has causally changed people’s health behaviors. Nevertheless, this
correlational finding is important because previous research has only shown short-term associations
between SARS exposure and health behaviors within several months of the epidemic ending
(Bennett et al., 2015; Lau et al., 2005). Furthermore, this finding suggests that although health
behaviors are often well established by young adulthood (Smith et al., 2001), they remain open to
improvement in midlife and beyond.

Positive associations between community exposure to SARS and health behaviors were
statistically significant in the male subsample but not in the female subsample. Previous analysis of
the CHARLS data showed that men had worse perceptions of chronic disease risk and poorer health-
seeking behaviors than women (Lei et al., 2014). It is possible that, on average, middle-aged and
older Chinese women already adopted healthier behaviors and lifestyles and are thus less
susceptible to health shocks.

Last, we found statistically significant rural-urban differences in the associations between
community exposure to SARS and health behaviors such as blood pressure checks and blood tests.
Community exposure to SARS was associated with utilization of preventive health services for urban
residents but not for rural residents and alternatively, with participation in regular physical exercise
for rural residents. This again may reflect rural-urban disparities in access to health care resources
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(Li et al., 2016). Due to lack of access to clinics and hospitals, rural Chinese adults may perceive
physical exercise as one of the few feasible preventive strategies to maintain health in older ages.

Taken together, these findings help identify positive directions for future social efforts and
policy decisions to steer the global recovery from the devastating COVID-19 pandemic, which has
already caused greater loss of life and socioeconomic damage across communities than the 2002—-
2004 SARS epidemic. If the trends following the SARS epidemic are any indication of what we can
expect among middle-aged and older adults exposed to COVID-19 at the community level, the
pandemic may result in lasting, heightened awareness of the importance of preventive medicine and
positive health behavior. Although such trends offer a glimmer of hope, concerted efforts must be
made to encourage these positive changes through targeted messaging and information campaigns,
resource allocation, and clinical practice.
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Table 1

Descriptive Statistics of Dependent and Independent Variables

10

Exposed to SARS Not Exposed
% or M

Variable (SD) n % or M (SD) n M diff.
Regular physical exercise 20.4 1,256 134 1,781 7.0%*
Physical examination 48.6 834 45.3 1,243 3.3
Blood pressure check 42.5 1,129 40.3 1,531 2.2
Blood test 35.8 1,172 36.2 1,670 -0.3
Age

50-59 43.0 540 49.1 874 -6.1%*

60-69 37.2 467 34.7 618 2.5

70-79 16.9 212 12.9 229 4.0**

80+ 3.0 37 3.4 60 -0.4
Gender (1 = woman; 0 = man) 50.9 1,256 50.4 1,781 0.5
Married (1 = yes; 0 = no) 85.3 1,256 89.1 1,781 -3.8%*
Primary school or above (1 = yes; 0 = 1,781 4.5%
no) 54.9 1,256 50.4
Number of living adult children 2.8 (1.4) 1,256 2.8(1.3) 1,781 0.1
Household consumption per capita 1,781 2.2%*
(1,000 yuan) 9.4(19.5) 1,256 7.2 (7.8)
Chronic conditions (range: 0-14) 1.5 (1.5) 1,256 1.4 (1.5) 1,781 0.1*
IADL limitations (range: 0-8) 1.1(1.7) 1,256 1.0 (1.6) 1,781 0.1*
Residence (1 = urban; 0 = rural) 45.1 1,256 25.6 1,781 19.5%**
Community social economic condition

Poor 233 14 36.6 26 -13.3

Average 40.0 24 394 28 0.6

Rich 36.7 22 23.9 17 12.7

Note. IADLs = instrumental activities of daily living.
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Table 2

Estimates of Odds Ratios from Logistical Models of Health Behaviors in the Full Sample

11

Regular Physical Blood Pressure Blood Test
Physical Examination Check
Exercise
Exposed to SARS in community 1.40* (1.06, 1.17 (0.78, 1.19% (1.00, 1.07 (0.88,
(ref: no) 1.84) 1.74) 1.43) 1.31)
Age (ref: 50-59)
60-69 2.02** (1.58, 1.05 (0.85, 1.03 (0.85, 1.06 (0.88,
2.57) 1.30) 1.25) 1.28)
70-79 1.79** (1.20, 0.98 (0.69, 0.84(0.63, 1.21(0.92,
2.66) 1.39) 1.11) 1.59)
80+ 1.54 (0.62, 2.49* (1.24, 0.82 (0.49, 0.82 (0.45,
3.84) 5.01) 1.40) 1.49)
Women (ref: men) 0.93 (0.75, 1.00 (0.82, 1.50%* (1.29, 1.40** (1.20,
1.16) 1.21) 1.75) 1.63)
Primary school or above (ref: 1.57** (1.21, 1.10(0.86, 0.96 (0.79, 0.96 (0.79,
no) 2.03) 1.40) 1.16) 1.18)
Married (ref: no) 0.97 (0.67, 1.02 (0.80, 0.87 (0.68, 0.90 (0.68,
1.41) 1.32) 1.10) 1.20)
Household consumption per 1.72** (1.43, 0.89 (0.76, 0.83** (0.73, 1.04 (0.91,
capita (log) 2.07) 1.05) 0.94) 1.18]
Number of living children 0.89* (0.80, 1.07 (0.96, 1.077 (1.00, 1.07* (1.00,
0.99) 1.18) 1.15) 1.15)
IADL limitations 0.921 (0.84, 0.97 (0.91, 1.02 1.00 (0.95,
1.01) 1.04) (0.97,1.08) 1.06)
Number of chronic conditions 1.08* (1.00, 1.067 (0.99, 1.03 (0.97, 1.12** (1.06,
1.12) 1.14) 1.08) 1.19)
Urban residence (ref: rural) 2.18** (1.52, 1.02 (0.63, 0.90 (0.74, 0.85 (0.67,
3.11) 1.66) 1.10) 1.08)
Community socioeconomic
condition (ref: poor)
Average 0.94 (0.68, 1.30 (0.75, 0.84t (0.69, 0.97 (0.79,
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1.29) 2.25) 1.03) 1.20)
Rich 0.69 (0.45, 0.82 (0.46, 0.87 (0.69, 1.11 (0.85,
1.08) 1.46) 1.11) 1.46)
Provincial fixed effects Yes Yes Yes Yes
N (observations) 3,037 2,077 2,660 2,842

12

Note. |IADLs = instrumental activities of daily living; 95% confidence intervals shown in the parentheses.
Significance based on clustered standard errors at the community-level.

tp <.10. *p < .05. **p < .01. ***p < .001.
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Table 3.

Estimates of odds ratios from logistical models of health behaviors in gender and rural-urban

13

subsamples.
Regular Physical Physical Blood Pressure Blood Test
Exercise Examination Check
Women Men Wome Men Women Men Women Men
n
Exposed to 1.36 1.47* 1.16 1.16 1.11 1.28 0.98 1.17
SARS (ref: no) *
(0.93, (1.06, (0.75, (0.7 (0.86, (1.0 (0.74, (0.94,
1.99) 2.02) 1.79) 3, 1.42) 2, 1.31) 1.44)
1.84 1.60
) )
Control Yes Yes Yes Yes Yes Yes Yes Yes
variables
Provincial Yes Yes Yes Yes Yes Yes Yes Yes
fixed effects
N 1,537 1,500 1,052 1,02 1,347 1,29 1,431 1,393
5 5
SUR test p- 731 .991 377 .285
value
Urban Rural Urban Rura Urban Rura Urban Rural
[ [
Exposed to 1.06 1.59** 0.98 1.28 1.79** 1.10 1.70* 0.95
SARS (ref: no)
(0.66, (1.13, (0.66, (0.7 (1.16, (0.9 (1.09, (0.77,
1.69) 2.24) 1.45) 0, 2.76) 0, 2.66) 1.18)
2.35 1.35
) )
Control Yes Yes Yes Yes Yes Yes Yes Yes
variables
Provincial Yes Yes Yes Yes Yes Yes Yes Yes
fixed effects
N 1,016 1,996 759 1,30 888 1,76 940 1,896
9 6
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SUR test p- .163 469 .047 .021
value

14

Note. SUR = seemingly unrelated regression; 95% confidence intervals show in parentheses; significance based
on clustered standard errors at the community-level.

tp <.10. *p <.05. ¥**p < .01. ***p <.001.



