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Abstract: The novel COVID-19 pandemic spread quickly and continuously influenced global so-
cieties. As a vulnerable population that accounted for the highest percentage of deaths from the
pandemic, older adults have experienced huge life-altering challenges and increased risks of mental
problems during the pandemic. Empirical evidence is needed to develop effective strategies to
promote preventive measures and mitigate the adverse psychological impacts of the COVID-19 pan-
demic. This study aimed to investigate the behavioral responses (i.e., preventive behaviors, physical
activity, fruit and vegetable consumption) and mental responses (i.e., depression and loneliness)
towards the COVID-19 pandemic among Chinese older adults. A further aim was to identify the
associations among demographics, behavioral responses, and mental responses. Using a convenience
sampling approach, 516 older adults were randomly recruited from five cities of Hubei province
in China. Results of the cross-sectional survey showed that 11.7% of participants did not adhere
to the WHO recommended preventive measures, while 37.6% and 8.3% of participants decreased
physical activity and fruit–vegetable consumption respectively. For mental responses, 30.8% and
69.2% of participants indicated significantly depressive symptoms and severe loneliness, respectively.
Participants’ behavioral and mental responses differed significantly in several demographics, such as
age group, living situation, marital status, education levels, household income, medical conditions,
and perceived health status. Demographic correlates and behavioral responses could significantly
predicate the mental response with small-to-moderate effect sizes. This is the first study to inves-
tigate the characteristics of behavioral and mental responses of Chinese older adults during the
COVID-19 pandemic. Research findings may give new insights into future developments of effective
interventions and policies to promote health among older adults in the fight against the pandemic.

Keywords: COVID-19; preventive behaviors; physical activity (PA); fruit and vegetable consumption
(FVC); depression; loneliness; older adults; China; behavioral response; mental response

1. Introduction

The novel coronavirus disease (COVID-19) has continuously influenced global soci-
eties, causing over 219 million confirmed cases and 4.55 million deaths as reported on 25
September 2021 by the World Health Organization (WHO 2021a). In China, there have
been more than 96,000 confirmed cases and over 4600 fatality cases to date (National
Health Commission of China 2021; CSSE 2021). As a vulnerable group, older adults
have accounted for the highest proportion of deaths from COVID-19 (approximately 75%)
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(Shahid et al. 2020; World Health Organization 2020). During the COVID-19 pandemic,
healthy ageing advocacy is being confronted with a great challenge.

To reduce the human-to-human transmission of the coronavirus, many countries
enacted the emergent lockdown policy and implemented strict control measures for the
pandemic (Cheng et al. 2020; Hu et al. 2021). For example, in China, the government of
Hubei Wuhan imposed an urgent lockdown on 23 January 2020, with travel restrictions.
Despite the positive effects in preventing the spread of the pandemic, these governmental
actions have led to great life-altering challenges for individuals especially for older adults,
e.g., the routinization of practicing preventive behaviors (PB) in daily life, and huge changes
in physical activity (PA), and dietary behavior, e.g., fruit-and-vegetable consumption (FVC)
(Li et al. 2020; Dwyer et al. 2020; Weaver et al. 2021).

In addition to the lifestyle changes, older adults have a high risk of psychological
distress during the pandemic. Compared with other age groups, older adults are more
likely to experience fear of becoming ill or dying during the pandemic, which may be
accompanied by feelings of helplessness and stigma (Khan et al. 2020; Vahia et al. 2020).
These feelings can lead to a series of negative mental responses and problems, such as
loneliness and depression, consequently imposing adverse influences on the overall health
and well-being of older adults (Khan et al. 2020; Vahia et al. 2020; Singh and Singh 2020).
This will also impose a series of negative impacts on diverse aspects of society, such as
burdening the medical systems and affecting the success in the labor market (Codagnone
et al. 2020; Usher et al. 2020). Older adults’ behavioral and mental responses during
the pandemic not only provides useful information for health risk communication and
pandemic prevention but also contributes to achieving the advocacy of healthy ageing.

2. Literature Review

Individuals’ behavioral responses during the pandemic usually include three major
aspects: PB adherence, PA change, and dietary change (e.g., FVC) (Weaver et al. 2021;
Puspitasari et al. 2020; Balkhi et al. 2020). Individual precautionary actions, such as hand
washing, facemask wearing, and physical distancing, which are recommended by the WHO
and other health authority organizations (World Health Organization 2020; Probst et al.
2020), have become individual’s daily routines. An overwhelming amount of evidence has
demonstrated that adhering to these three PB could effectively inhibit the transmission of
COVID-19 and reduce the probability of infection (Probst et al. 2020). Several studies have
examined the practice of PB among populations from diverse countries and regions (Arora
and Grey 2020; Ye et al. 2020). For example, a review study summarized the knowledge,
attitude, and practice of PB during the pandemic among healthcare workers, medical
students, and populations in the US, the UK, Italy, Jordan, and China in the initial stage
of the pandemic (Arora and Grey 2020). Some empirical studies also investigated the
PB adherence among adults and internet users in China (Li and Liu 2020; Ye et al. 2020).
However, there is limited evidence particularly targeting the characteristics of PB adherence
among older adults, especially in China. For PA and FVC, a recent review summarized the
results of 41 studies finding that most of the evidence identified a decrease in PA levels
during the pandemic, whereas only one study targeted community-dwelling older adults
(Caputo and Reichert 2020). Several studies have investigated the FVC behavior among
children and adults, while evidence for Chinese older adults is still limited (López-Bueno
et al. 2020; Litton and Beavers 2020).

Behavioral responses have been evident to impose considerable influences on individ-
uals’ mental health outcomes/responses. For example, recent studies have indicated an
inverse association of adhering to PB with mental distress among adolescents and adults
(Wang et al. 2020; Cunningham et al. 2020; Gehlich et al. 2019). This may generate urgently
needed insights into the mitigation of negative mental impacts of the pandemic. Never-
theless, there are few studies examining the impact of adhering to PB on mental health
outcomes among older adults. For PA and FVC, as a common healthy lifestyle pattern,
they also play an irreplaceable role in the battle with the COVID-19 pandemic, as through
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engaging in regular PA and consuming sufficient FVC individuals could enhance their
cardiorespiratory fitness and immune function, as a result reducing the risk of death from
viral infection (Amatriain-Fernández et al. 2020; Yahia et al. 2017). However, self-isolation
and restrictions during the pandemic dramatically reduced the opportunities for individu-
als to be physical active and increase the possibilities of unhealthy diets (e.g., insufficient
FVC). These unfavorable behavioral changes may lead to adverse mental consequences,
e.g., worsening loneliness and depression, among older adults. Investigating the impact of
such behavioral responses towards the pandemic in older adults should be prioritized. To
the best of our knowledge, few studies have examined the relationship between all three
behavioral responses (PB adherence, PA, and FVC) and mental responses (loneliness and
depression) among older adults during the COVID-19 pandemic.

Given the lack of empirical research in China, the current study aimed to (1) investigate
the demographic characteristics of behavioral (i.e., PB, PA, and FVC) and mental responses
(i.e., loneliness and depressive symptoms) among Chinese older adults, and (2) examine
the interrelationships between demographics, behavioral responses, and mental responses
among Chinese older adults.

3. Materials and Methods
3.1. Study Design and Participants

To address the above objectives, this study used a cross-sectional design, and the
data was collected from 15 June to 10 July 2020 (the lockdown had been withdrawn for
over two months) with a convenience sampling approach. The sample size was calculated
using G*Power 3.1 software. For achieving a medium effect size (Cohen’s f 2 = 0.15) on
the prediction of demographics and behavioral correlates in mental responses based on
previous studies with older adults (Pinquart 2001), with an alpha of 0.05, a statistical power
of 80%, and a response rate of 60%, a total of 205 participants were required. As shown in
Figure 1, we contacted 727 participants and received an 83.8% response rate. Finally, 516
participants were included in data analysis. The eligible criteria included (1) older adults
who are ≥60 years old; (2) not having been infected with COVID-19; (3) not having any
cognitive disorders or impairments; (4) having access to a mobile phone or laptop; and
(5) having sufficient reading or listening skills in Mandarin. For participants who have
difficulties in using mobile phones or laptops, their family members or friends were invited
to assist them in completing the online survey. The study was implemented and reported
following the guidelines of the STROBE checklist.
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3.2. Procedure

The questionnaire survey was administered using an online survey platform, namely
SOJUMP (Changsha Ranxing Information Technology Co., Ltd., Changsha, China). The
recruitment information was delivered by different social media channels, such as WeChat,
Weibo, and QQ which are popular in China. In addition to the social media channels,
researchers contacted the administration staff in several universities and neighborhood
communities to facilitate recruitment to retired colleagues.

The duration of completing the online survey was about 15–20 minutes. To increase
the engagement of participation, each participant who completed the questionnaires was
provided with 30 RMB incentive by electronic transfer via WeChat or Alipay or by prepaid
telephone recharge. All participants were asked to sign an informed consent form on the
first page of the survey website prior to filling in the questionnaires. Ethical approval
for the study was obtained from the Research Ethics Committee of Hong Kong Baptist
University (REC/19-20/0490).

3.3. Measures
3.3.1. Behavioral Responses

• Preventive behaviors (PB): the adherence to the PB was measured by six items covering
the three major PB as recommended by the WHO, including hand washing, facemask
wearing, and physical distancing (WHO 2021b). Each behavior was assessed by
two items. For example, the items for hand washing were asked with the stem of
“during the previous week, I adhered to washing my hands with soap and water or
alcohol-based hand rub (for at least 20 s, on all surfaces of the hands) . . . ” followed
by two situations including “(a) in a daily life situation, e.g., before eating, and (b) in a
disease-related situation, e.g., after caring for the sick.” All responses were indicated
on a 4-point Likert scale ranging from “1 = strongly disagree” to “4 = strongly agree”
(Liang et al. 2021). Participants who indicated “agree/strongly agree” for all six items
were coded as “1 = adhering to PB”, otherwise as “0 = non-adhering to PB”.

• Physical activity (PA) and fruit–vegetable consumption (FVC): each behavior response
was measured by one item. Participants were asked about their changes in weekly
amount of PA and daily portion of FVC since the outbreak of the COVID-19 pandemic.
Responses included “0 = less” and “1 = same or more”.

3.3.2. Mental Responses

• Depression: the 10-item Chinese version of the Epidemiologic Studies Short Depres-
sion Scale (CESD-10) was used to measure the depressive symptoms (Rankin et al.
1993). The questions were asked with the stem: “In the past week, how often I feel...”,
followed by 10 items such as “I was bothered by things that usually don’t bother me”.
The responses were indicated on a 4-point Likert scale, ranging from “0 = rarely (less
than 1 day)” to “3 = for most of the time (5–7 days)” (Cronbach’s alpha = 0.82) (Rankin
et al. 1993; Liang et al. 2019). The total score of the 10 items was calculated, where the
score of 0–9 was coded as “0 = no significant depressive symptoms”, and ≥10 was
coded as “1 = significant depressive symptoms” (Andresen et al. 1994).

• Loneliness: the 6-item Chinese version of the De Jong Grieveld Loneliness Scale was
used to measure loneliness (Leung et al. 2008). The scale consisted of two dimensions
(social lonely and emotional lonely), with three items for each dimension. Participants
were asked with the stem “Please see if the statements are describing your situations
or feelings now . . . ” followed by six items, such as “I experience a general sense of
emptiness” (emotional) and “There are plenty of people I can rely on when I have
problems” (social) (Cronbach’s alpha = 0.76) (Leung et al. 2008). The total score of the
6 items was calculated, where the score of 0–3 was coded as “0 = light loneliness” and
≥4 was coded as “1 = severe loneliness” (De Jong Gierveld and Van Tilburg 1999).
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3.3.3. Demographics

Demographic information included age, gender, living situation, marital status, edu-
cational level, occupational status, household income, perceived health status, and medical
condition.

3.4. Statistical Analysis

Data analyses were conducted using the IBM SPSS 26.0 (Armonk, NY, USA). Mean val-
ues, standard deviation (SD), and percentage (%) were calculated for descriptive analyses.
The characteristics of behavioral and mental responses were examined using Chi-square
tests. Single level and multi-level logistic regression models were used to explore the asso-
ciation among demographics, behavioral responses, and mental responses. The statistical
significance was set at 0.05 (two-tailed). The effect sizes (Cohen’s f 2) of association in the
regression models were calculated using the formula “f 2 = R2/(1 − R2)”, with 0.02, 0.15,
and 0.35 indicating a small, medium, and large effect, respectively (Selya et al. 2012; Duan
et al. 2021).

4. Results
4.1. Characteristics of the Study Sample

A total of 516 eligible participants (57.9% females) were included in data analysis,
ranging in age from 60 to 90 years old (Mean age = 67.6 ± 6.6 yrs.). Over 90% of participants
lived with others (e.g., spouse or children) and more than 80% of participants were married.
In total, 44.8% of participants received middle or high school education, while the percent-
age of participants receiving college or above education was 46.5%. Most participants were
pensioners or retired (92.6%), and over half of participants reported an average level of
household income (57.9%). For the medical condition, 50.8% of participants had a history
of chronic diseases. More than half of participants perceived their health status as good
(52.7%). Details can be found in Table 1.

Table 1. Characteristics of the study sample, behavioral responses, and mental responses (n = 516).

PB PA FVC Depression Loneliness

Non-Adherence: n (%) Decreased: n (%) Decreased: n (%) Yes: n (%) High: n (%)

Total (n = 516)
Age (n, %)

60–69 yrs. (354, 68.60%) 36 (10.2%) 125 (35.3%) 23 (6.5%) * 105 (29.7%) 233 (65.8%)
70–79 yrs. (128, 24.80%) 128 (11.7%) 52 (40.6%) 13 (10.2%) * 42 (32.8%) 76 (59.4%)
≥80 yrs. (34, 6.60%) 34 (11.8%) 17 (50.0%) 7 (20.6%) * 12 (35.3%) 18 (52.9%)

Gender (n, %)
Male (217, 42.10%) 26 (12.0%) 77 (35.5%) 19 (8.8%) 69 (31.8%) 132 (60.8%)
Female (299, 57.90%) 29 (9.7%) 171 (39.1%) 24 (8.0%) 90 (30.1%) 195 (65.2%)

Living situation (n, %)
Alone (48, 9.30%) 13 (27.1%) *** 20 (41.7%) 7 (14.6%) 21 (43.80%) * 29 (60.4%)
Not alone (468, 90.70%) 42 (9.0%) *** 174 (37.2%) 36 (7.7%) 138 (29.5%) * 298 (73.7%)

Marital status (n, %)
Single (14, 2.70%) 3 (21.4%) * 7 (50.0%) 1 (7.1%) 5 (35.7%) ** 10 (71.4%)
Married (432, 83.70%) 39 (9.0%) * 154 (35.6%) 33 (7.6%) 120 (27.8%) ** 275 (63.7%)
Divorced/widowed (70, 13.60%) 13 (18.6%) * 33 (41.7%) 9 (12.9%) 34 (48.6%) ** 42 (60.0%)

Educational level (n, %)
Primary school or below (45, 8.70%) 12 (26.7%) *** 18 (40.0%) 5 (11.1%) 21 (46.7%) * 28 (62.2%)
Middle or High school (231, 44.80%) 29 (12.6%) *** 81 (35.1%) 21 (9.1%) 74 (32.0%) * 149 (64.5%)
College or above (240, 46.50%) 14 (5.8%) *** 95 (39.6%) 17 (7.1%) 64 (26.7%) * 150 (62.5%)

Occupational status (n, %)
Employed (16, 3.10%) 3 (18.8%) 2 (12.5%) 0 (0.00%)) 4 (20.5%) 11 (68.8%)
Pensioner or retired (478, 92.60%) 47 (9.8%) 186 (38.9%) 40 (8.4%) 146 (30.5%) 303 (63.4%)
Unemployed (22, 4.30%) 5 (9.10%) 6 (27.3%) 3 (13.6%) 9 (40.9%) 13 (59.1%)



J. Risk Financial Manag. 2021, 14, 568 6 of 14

Table 1. Cont.

PB PA FVC Depression Loneliness

Non-Adherence: n (%) Decreased: n (%) Decreased: n (%) Yes: n (%) High: n (%)

Household income (n, %)
Below average (113, 21.90%) 21 (18.6%) ** 43 (38.1%) 10 (8.8%) 48 (42.5%) ** 69 (61.1%)
Average (299, 57.90%) 28 (9.4%) ** 108 (36.1%) 24 (8.0%) 89 (29.8%) ** 191 (63.9%)
Above average (104, 20.20%) 6 (5.8%) ** 43 (41.3%) 9 (8.7%) 22 (21.2%) ** 67 (64.4%)

Health status (n, %)
Poor (48, 9.30%) 6 (12.5%) 21 (43.80%) 5 (10.4%) 28 (58.3%) *** 25 (52.1%)
Satisfactory (196, 38.00%) 24 (12.20%) 84 (42.90%) 19 (9.7%) 69 (35.2%) *** 119 (60.7%)
Excellent (272, 52.70%) 25 (9.2%) 89 (32.7%) 19 (7.0%) 62 (22.8%) *** 183 (67.3%)

Medical condition (n, %)
No (254, 49.20%) 28 (11.0%) 83 (32.7%) * 16 (6.3%) 66 (26.0%) * 167 (65.7%)
Yes (262, 50.80%) 27 (10.3%) 111 (42.4%) * 27 (10.3%) 93 (35.5%) * 160 (61.1%)

Note. PB = preventive behaviors; PA = physical activity; FVC = fruit and vegetable consumption; *** p < 0.001, ** p < 0.01, * p < 0.05.

4.2. Characteristics of Behavioral and Mental Responses

As shown in Table 1, 11.7% of participants did not comply with the recommended
PB in response to the COVID-19 pandemic, while since the outbreak of the pandemic
37.6% and 8.3% of participants decreased their weekly amount of PA and daily portion of
FVC, respectively. For mental responses, 30.8% of participants had significant depressive
symptoms, while 69.2% of participants felt lonely.

Participants’ behavioral responses differed significantly in a series of demographics.
In particular, the compliance with PB was significantly poorer for participants who lived
alone (p = 0.001), who were single or divorced/windowed (p = 0.023), received no or
primary education (p < 0.001), and had lower household incomes (p = 0.005). For PA,
a significantly higher percentage of participants with decreasing PA was found among
those who had medical histories of chronic diseases (e.g., cardiovascular diseases, diabetes,
cancer, and respiratory illness) (p = 0.023), while PA change did not differ significantly
in other demographics (p = 0.054 to 0.634). For FVC, participants who were in the 70–
79 yrs./≥80 yrs. age groups showed a significantly higher percentage for reducing the
daily FVC compared with those in the 60–69 yrs. group (p = 0.012).

Regarding mental responses, the proportion of participants showing significant de-
pressive symptoms was significantly higher among those who lived alone (p = 0.042),
who were single or divorced/windowed (p = 0.002), illiterate or only received primary
education (p = 0.025), economic disadvantaged (p = 0.003), perceived bad health status
(p < 0.001), and had a medical history of chronic diseases (p = 0.019). For loneliness, it did
not differ significantly in any demographic variables (p = 0.081 to 0.891).

4.3. Associations of Demographic Correlates, Behavioral Responses, and Mental Responses

As shown in Table 2, a series of binary logistic regression models were conducted to
explore the association between demographics and behavioral responses among partic-
ipants. For PB, results showed that PB non-adherence was significantly associated with
living situation (OR = 0.31, 95%CI = 0.12 to 0.79, p = 0.014) and education levels (OR = 0.20,
95%CI = 0.07 to 0.59, p = 0.003). None of the demographic variables were statistically
associated with PA change (p = 0.098 to 0.958). For FVC, participants who were in the
≥80 yrs. age group were more likely to decrease the daily portion of FVC compared with
those in the younger age group (60–69 yrs.) (OR = 2.85, 95%CI = 1.02 to 7.95, p = 0.045).
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Table 2. Associations of demographics and behavioral responses (n = 516).

Variable
PB Non-Adherence PA Decrease FVC Decrease

OR 95%CI OR 95%CI OR 95%CI

Age group (60–69 yrs. as ref.)
70–79 yrs. 0.82 (0.40, 1.71) 1.08 (0.69, 1.67) 1.30 (0.62, 2.75)
≥80 yrs. 0.74 (0.22, 2.55) 1.55 (0.73, 3.31) 2.85 * (1.02, 7.95)

Gender (male as ref.)
Female 0.58 (0.31, 1.09) 1.10 (0.75, 1.63) 0.84 (0.43, 1.64)

Living situation (alone as ref.)
Not alone 0.31 (0.12, 0.79) 1.19 (0.58, 2.42) 0.58 (0.20, 1.68)

Marital status (single as ref.)
Married 0.36 (0.08, 1.64) 0.56 (0.18, 1.72) 0.97 (0.11, 8.34)
Divorced/widowed 0.38 (0.08, 1.96) 0.91 (0.27, 3.05) 1.25 (0.13, 11.68)

Educational level (primary school or below as ref.)
Middle or high school 0.49 (0.19, 1.26) 0.84 (0.39, 1.80) 1.29 (0.38, 4.39)
College or above 0.20 ** (0.07, 0.59) 1.00 (0.46, 2.19) 0.98 (0.27, 3.64)

Occupational status (employed as ref.)
Unemployed 0.47 (0.11, 2.08) 3.62 (0.79, 16.57) N/A N/A
Pensioner or retired 0.45 (0.07, 3.07) 1.96 (0.31, 12.53) N/A N/A

Household income (below above as ref.)
Average 0.62 (0.31, 1.24) 0.99 (0.61, 1.60) 1.12 (0.49, 2.58)
Above average 0.43 (0.15, 1.28) 1.21 (0.66, 2.24) 1.25 (0.43, 3.66)

Health status (poor as ref.)
Satisfactory 1.40 (0.47, 4.21) 1.05 (0.53, 2.06) 1.21 (0.40, 3.66)
Excellent 0.89 (0.28, 2.86) 0.77 (0.38, 1.56) 1.09 (0.34, 3.47)

Medical condition (no chronic diseases as ref.)
Yes 0.80 (0.41, 1.56) 1.29 (0.86, 1.94) 1.56 (0.76, 3.19)

Note. PB = preventive behaviors; PA = physical activity; FVC = fruit and vegetable consumption; N/A = not applicable: the statistical
analysis could not be conducted due to the unbalanced data distribution; ** p < 0.01, * p < 0.05.

As presented in Table 3, multi-level binary logistic regression models were employed
to examine the association of mental responses with demographic correlates and behavioral
responses. In Model 1, participants who perceived satisfactory (OR = 0.42, 95%CI = 0.21 to
0.84, p = 0.014) and excellent (OR = 0.23, 95%CI = 0.11 to 0.48, p < 0.001) health status were
less likely to indicate significant depressive symptoms compared with those who reported
bad health status. In Model 2, after controlling for the demographics, depression was
found to be significantly and positively associated with both decreased FVC (OR = 2.77,
95%CI = 1.35 to 5.69, p = 0.006) and non-adherence of PB (OR = 2.84, 95%CI = 1.51 to
5.33, p = 0.001). The entire model of demographics and behavioral correlates showed
a moderate effect size for explaining the variance in participants’ depressive symptoms
(Cohen’s f 2 = 0.22).

For loneliness, there were no statistically significant associations between demographic
correlates and loneliness (p = 0.189 to 0.973) in Model 1. After controlling for demographics,
a significantly positive associated was found between decreased PA and severe loneliness
(OR = 2.01, 95%CI = 1.32 to 3.05, p = 0.001) in Model 2. The entire model of demographics
and behavioral correlates showed a small effect size for explaining the variance in partici-
pants’ loneliness (Cohen’s f 2 = 0.06). The zero-order Spearman correlation matrix can be
found in Appendix A.
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Table 3. Associations of demographics and behavioral responses with mental responses (n = 516).

Depression Loneliness

Variable
Model 1 Model 2 Model 1 Model 2

OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Age group (60–69 yrs. as ref.)
70–79 yrs. 0.83 (0.52, 1.35) 0.82 (0.50, 1.35) 0.81 (0.52, 1.26) 0.81 (0.52, 1.26)
≥80 yrs. 0.74 (0.32, 1.75) 0.64 (0.26, 1.47) 0.65 (0.30, 1.38) 0.63 (0.29, 1.36)

Gender (male as ref.)
Female 0.79 (0.52, 1.21) 0.84 (0.54, 1.29) 1.18 (0.80, 1.73) 1.15 (0.78, 1.70)

Living situation (alone as ref.)
Not alone 0.86 (0.41, 1.80) 1.07 (0.49, 2.35) 1.08 (0.53, 2.20) 1.00 (0.48, 2.07)

Marital status (single as ref.)
Married 0.73 (0.22, 2.51) 0.87 (0.24, 3.20) 0.67 (0.20, 2.27) 0.72 (0.21, 2.48)
Divorced/widowed 1.68 (0.45, 6.18) 1.98 (0.50, 7.89) 0.60 (0.17, 2.19) 0.59 (0.16, 2.21)

Educational level (primary school or below as ref.)
Middle or high school 0.70 (0.32, 1.52) 0.75 (0.33, 1.69) 0.91 (0.43, 1.94) 0.94 (0.44, 2.00)
College or above 0.55 (0.25, 1.24) 0.64 (0.27, 1.50) 0.81 (0.37, 1.77) 0.79 (0.36, 1.73)

Occupational status (employed as ref.)
Unemployed 0.89 (0.27, 2.97) 0.84 (0.24, 2.91) 0.93 (0.31, 2.81) 0.82 (0.27, 2.50)
Pensioner or retired 0.65 (0.13, 3.18) 0.59 (0.11, 3.06) 0.85 (0.20, 3.69) 0.84 (0.19, 3.70)

Household income (below above as ref.)
Average 0.81 (0.50, 1.33) 0.83 (0.50, 1.39) 1.03 (0.64, 1.65) 1.02 (0.63, 1.66)
Above average 0.58 (0.30, 1.14) 0.59 (0.29, 1.17) 1.10 (0.60, 2.20) 1.07 (0.58, 1.97)

Health status (poor as ref.)
Satisfactory 0.42 * (0.21, 0.84) 0.37 ** (0.18, 0.76) 1.33 (0.68, 2.60) 1.35 (0.69, 2.66)
Excellent 0.23 *** (0.11, 0.48) 0.21 *** (0.10, 0.46) 1.71 (0.85, 3.44) 1.81 (0.89, 3.69)

Medical condition (no chronic diseases as ref.)
Yes 1.10 (0.70, 1.72) 1.04 (0.65, 1.64) 1.00 (0.66, 1.50) 0.97 (0.64, 1.47)

PA (same and more as ref.)
Decrease N/A N/A 1.39 (0.90, 2.15) N/A N/A 2.01 ** (1.32, 3.05)

FVC (same and more as ref.)
Decrease N/A N/A 2.77 ** (1.35, 5.69) N/A N/A 0.62 (0.31, 1.23)

PB (adherence as ref.)
Non-adherence N/A N/A 2.84 ** (1.51, 5.33) N/A N/A 0.82 (0.45, 1.52)

Note. PB = preventive behaviors; PA = physical activity; FVC = fruit and vegetable consumption; N/A = not applicable; *** p < 0.001,
** p < 0.01, * p < 0.05.

5. Discussion

This is the first online cross-sectional study to comprehensively explore the charac-
teristics of behavioral responses (PB, PA, and FVC) and mental responses (depression
and loneliness) towards the COVID-19 pandemic among Chinese older adults. Non-
negligible percentages of Chinese older adults showed negative behavioral responses (i.e.,
non-adherence to PB, decreased PA and FVC) during the pandemic, while the mental
responses were alarming. For older adults’ behavioral responses, PB, PA, and FVC were
found to differ significantly in diverse demographics. For older adults’ mental responses,
only depression differed significantly in demographics, while loneliness did show specific
patterns. Age group, living situation, and education levels were significantly associated
with PB and FVC. After controlling for demographics, there were significant associations
found between behavioral responses and loneliness among Chinese older adults.

Our research findings have identified demographic differences in both behavioral and
mental responses among the study sample, suggesting that future intervention develop-
ment and policy making should take the participants’ demographic characteristics into
consideration. For the behavioral responses, despite the relevant legal penalties and mass
information campaigns, we found there were still few older adults who did not comply
with the recommended PB. Consistent with other studies, the percentage of older adults
non-adhering to PB was not high (Ye et al. 2020); however, there is still a need to promote
the adoption of PB in response to the pandemic among older adults especially due to the
high vulnerability and severity of this population (Singh and Singh 2020). For PA, it is
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not surprising that more than 35% of older adults decreased their weekly PA. This finding
is consistent with other empirical evidence, where the decreased PA may be attributed
to both governmental policy (e.g., closure of parks, gyms, or sport centers) and fear of
infection while doing exercise outside (Hu et al. 2020; Qin et al. 2020; Wilczyńska et al.
2021; Schrack et al. 2020). For FVC, most older adults maintained or increased the fruit
and vegetable consumption, where similar findings have been also reported in previous
studies. Based on psychological theories of behavior change (e.g., social cognition the-
ory), we conclude that the governmental efforts (e.g., increase the supply of food after
the lockdown) social support, and older adults’ heath knowledge and belief, may play an
important role in maintaining and increasing nutritional food consumption (Anderson
et al. 2007). This assumption needs to be further examined especially within the pandemic
context in future research. Overall, the findings of behavioral responses highlight the need
of more supportive measures to promote the adherence of PB and facilitate the adoption
of healthy lifestyle behaviors during the pandemics (e.g., governmental welfare, behavior
promotion campaigns, education workshops). For the mental responses, consistent with
previous evidence, the situation of older adults’ mental problems was alarming during the
pandemic (Yang et al. 2020; Wu 2020; Wang et al. 2020). This highlights an urgent need of
mental healthcare services for older adults during the COVID-19 and future pandemics
(Wu 2020).

For the associations among demographics, behavioral responses, and mental re-
sponses, we found that the older adults who lived alone and had lower education levels
were more likely to not comply with the PB in response to the pandemic, while older adults
who were older were more likely to decrease the daily FVC. Consistent with previous
studies, these findings emphasized the importance and necessity of caring for the social
disadvantaged sample, e.g., enhancing the social and governmental support, organizing
educational workshops (Shankar et al. 2010; Li et al. 2020). In line with previous studies,
we found that older adults who did not adhere to PB and decreased daily FVC were more
likely to show significant depressive symptoms, while those who decreased weekly PA
were more likely to show severe loneliness (Wang et al. 2020; Stickley et al. 2020; Kingsbury
et al. 2016; Pels and Kleinert 2016). These findings emphasize the importance of promoting
positive behavioral responses (e.g., comply with PB, perform healthy lifestyles) among
older adults during the pandemic, with the aim to promote their mental well-being and
overall health. Our findings also demonstrate implications for the economy aspects. Partic-
ularly given the large healthcare (USD 0.62 billion) and societal costs (USD 383.02 billion)
related to the COVID-19 pandemic (Jin et al. 2021), promoting such positive behavioral
responses will be beneficial not only for mitigating the adverse physical and mental impacts
of the pandemic towards individuals, but also for lessening the huge burden on healthcare
systems in terms of hospitalization, medication, staff, and equipment for critical care costs.

Despite the implications of this study, several limitations need to be considered.
First, due to the convenience sampling and the use of online questionnaire survey, the
participants may vary in relation to the actual patterns of the general older adults. More
empirical studies with a larger sample size using random stratified sampling are needed
in the future to enhance the representativeness and external validity. Moreover, the data
was obtained from a specific age group from Hubei province in China; therefore, it is
unclear whether these findings could be generalized to other age groups and different
cultural contexts. Furthermore, the use of self-reported scales might lead to recall bias,
self-perception bias, and social desirability effects (Liu et al. 2021). Additionally, PA
and FVC used one item in the study which might influence the accuracy of measuring
target outcomes and applying comprehensive questionnaires to measure these variables is
warranted in future studies. Finally, the causal relationship and underlying mechanisms of
the associations could be identified in this study due to the use of cross-sectional design
and without inclusion of some theory-based psychosocial determinants. More research on
this issue is warranted.
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6. Conclusions

The current study investigated the characteristics of Chinese older adults’ behavioral
and mental responses towards the COVID-19 pandemic and examined the interrelation-
ships among demographics, behavioral responses, and mental responses among Chinese
older adults. Older adults’ behavioral responses differed significantly in diverse demo-
graphics, such as age group, living situation, marital status, education levels, household
income, and medical condition, while in terms of mental responses, only depressive symp-
toms differed significantly in several demographics, yet older adults’ loneliness did not
show any special characteristics. The findings revealed the importance of considering
different demographics when designing interventions and making relevant policies in the
fight against the pandemic. Older adults’ negative mental responses were significantly
associated with negative behavioral responses, suggesting the need and necessity of devel-
oping more health behavior promotion programs for mitigating the negative impacts of the
pandemic and for achieving the long-term advocacy of healthy aging. Overall, our findings
may add value to research and practice of promoting health among older adults during
COVID-19 and future pandemics. Further studies that use a stricter scientific design with a
larger sample size and objective measures that examine psychological mechanisms with
inclusion of theory-based constructs are warranted in the future.
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Appendix A

Table A1. Spearman correlation matrix of study variables.

1 2 3 4 5 6 7 8 9 10 11 12 13

1. Age 1.000
2. Gender −0.035
3. Living situation −0.140 ** −0.124 **
4. Marital status 0.143 ** 0.123 ** −0.370 **
5. Education level −0.150 ** −0.139 ** 0.064 −0.175 **
6. Occupation 0.151 ** 0.079 −0.060 0.155 ** −0.241 **
7. Household Income 0.011 −0.022 0.115 ** −0.133 ** 0.295 ** −0.153 **
8. Health status −0.190 ** 0.010 0.012 −0.009 0.040 −0.138 ** 0.172 **
9. Medical condition 0.170 ** −0.046 −0.022 −0.003 0.052 −0.030 −0.063 −0.418 **
10. PB adherence 0.023 −0.037 −0.170** 0.069 −0.174 ** 0.032 −0.136 ** −0.049 −0.012
11. PA change 0.076 0.037 −0.027 0.054 0.029 0.025 0.021 −0.104 * 0.100 * 0.043
12. FVC change 0.110 * −0.013 −0.072 0.061 −0.046 0.065 −0.003 −0.052 0.072 0.032 0.287 **
13. Depression 0.038 −0.018 −0.090 * 0.130 ** −0.104 * 0.049 −0.151 ** −0.212 ** 0.103 * 0.191 ** 0.132 ** 0.163 **
14. Loneliness −0.079 0.045 0.020 −0.036 −0.013 −0.027 0.023 0.095 * −0.049 −0.024 0.117 ** −0.033 −0.015

Note. PB = preventive behaviors; PA = physical activity; FVC = fruit and vegetable consumption. ** p < .01, * p < .05.
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