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A B S T R A C T   

Both COVID-19 and unrest are posing a significant threat to population mental health across the globe. This study 
examined trends of probable depression and anxiety during a time of civil unrest and concurrent COVID-19 in 
Hong Kong. Four random digit dialing telephone surveys were conducted in July 2019 (n = 1112), Februar-
y–March 2020 (n = 2003), April–May 2020 (n = 2008), and July–August 2020 (n = 2034). The prevalence of 
probable depression increased from 25.7% (95% CI: 23.2–28.3) in July 2019 to 28.2% (95% CI: 26.2–30.1) in 
February–March 2020, and then decreased to 15.3% (95% CI: 14.0–17.0) in April–May 2020 and 13.7% (95% CI: 
12.2–15.2) in July–August 2020. The prevalence of probable anxiety was 19.2% (95% CI: 17.5–20.9) in Feb-
ruary–March 2020 and then stabilized in April–May 2020 and July–August 2020 (14.1%, 95% CI: 12.0–15.8). 
Probable depression and anxiety were more prevalent among persons with high relative to low daily routine 
disruptions. Combined high unrest-COVID-19 stress was associated with probable depression and anxiety across 
all persons; high unrest stress alone was associated with probable mental disorders at high daily routine dis-
ruptions. Civil unrest and COVID-19 are jointly associated with depression and anxiety among Hong Kong cit-
izens. While population mental health improved, daily routine disruptions is a risk factor of mental disorders at 
every time-point.   

1. Introduction 

With an estimated 1–2 million of the 7.5 million Hong Kong people 
reportedly participating in some forms of civil protest, the anti- 
extradition bill protests of 2019–2020 have become the largest scale 
social/political movement in Greater China since the pro-democracy 
Umbrella Movement/Occupy Central in Hong Kong in 2014 and the 
Tiananmen Square protests in Beijing, China, in 1989. In October 2019, 
four months after the introduction of an extradition bill that would have 
allowed Hong Kong people to be transferred to China to stand trial, the 
Hong Kong SAR Government definitively withdrew the bill. However, 
by that time, several large-scale relatively peaceful demonstrations and 
protests had transformed into regular pro-democracy protests and vio-
lent clashes between protestors and police or other citizens on the 

streets, in shopping malls, and in university campuses across districts in 
Hong Kong (Choi, 2020). Compounding the particular set of challenges 
brought about by the civil unrest, coronavirus disease 2019 (COVID-19) 
emerged in Hong Kong in late January 2020, along with increased 
incidence and mortality over time (Supplementary Material 1). 
COVID-19 has evolved into a pandemic affecting more than 200 coun-
tries or territories worldwide and instigated widespread infection con-
trol measures of lockdown, quarantine, and social distancing. The 
prevalences of probable depression and anxiety were 1.7%–2.1% (Nan 
et al., 2013; Yu et al., 2012) and 5.3%–6.3% (Yang et al., 2019; Yu et al., 
2018), respectively, among Hong Kong Chinese during non-unrest and 
pre-COVID-19 period. It has been well documented that COVID-19 is 
associated with a burden of poor population mental health (Holmes 
et al., 2020). However, no studies to date have reported the changing 
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prevalence of depression and anxiety over time during a period of 
multiple other population-wide stressors. In addition to the importance 
of documenting these trends, a clearer understanding of the forces that 
mitigate the population mental health burden during moments of mul-
tiple co-occurring traumas may point the way to efforts to mitigate these 
harms. A central determinant of mental health may be the ability to 
maintain routine daily activities which has been associated with resil-
ience in the face of mass trauma (Hou et al., 2018; Miller and Rasmus-
sen, 2010). The ability to maintain regular daily activities has been 
evident among survivors of various natural disasters (Fukuda et al., 
1999; Parks et al., 2018), and evidence shows that restoration of 
pre-disaster daily routines relates to lower psychological distress over 
time (Goodwin et al., 2020). Among international forced migrants who 
have been exposed to continuous sociopolitical unrest in their home 
countries, disruptions of personal, social, and materialistic dimensions 
of daily routines in host countries relate to higher levels of different 
psychiatric symptoms over and beyond the adverse mental health 
impact of pre-migration trauma exposure (Hou et al., 2020). 

Therefore, building on the existing literature, we assessed the 
changing prevalence of probable depression and probable anxiety 
through 2019–2020, and how disruptions to daily routines and stressors 
due to the civil unrest and COVID-19 affected these trends. We expected 
that the prevalence of probable depression and probable anxiety will 
change across surveys according to different intensity of civil unrest and 
COVID-19 over time. The prevalence of probable depression and prob-
able anxiety will be the highest among persons with high daily routine 
disruptions relative to those with low daily routine disruptions across 
surveys. While high unrest stress and high COVID-19 stress alone will be 
positively associated with higher odds of probable depression and 
probable anxiety over time, combined high unrest stress and high 
COVID-19 stress will demonstrate the strongest positive associations 
with the odds of probable mental disorders. Controlling for the effects of 
sociodemographics, the positive associations of unrest stress and 
COVID-19 stress with probable mental disorders will be stronger among 
persons with high daily routine disruptions relative to those with low 
daily routine disruptions. 

2. Material and methods 

2.1. Respondents and procedure 

This study was approved by the Ethics Committee of The Education 
University of Hong Kong, and the investigation was carried out in 
accordance with the latest version of the Declaration of Helsinki. Four 
population-based samples were recruited by random digit dialing using 
a Computer-Assisted Telephone Interview system in July 2019 (survey 
1), February–March 2020 (survey 2), April–May 2020 (survey 3), and 
July–August 2020 (survey 4). Centre for Communication and Public 
Opinion Survey and Hong Kong Public Opinion Research Institute were 
contracted to conduct the surveys. Telephone numbers were drawn from 
the databases of Hong Kong Communication Authority with a dual- 
frame sampling approach (50% landline and 50% mobile phone 
numbers). Each telephone number was used once to prevent repeated 
participation across the four surveys. The sample frame for these four 
surveys were being 1. a Hong Kong Chinese resident, 2.15 years of age or 
older, and 3. Cantonese-speaking. For landline phone calls, if multiple 
eligible persons were found in a successfully contacted household, the 
one with the closest birthday to the interview date was selected. 
Computer-Assisted Telephone Interview system conducted attempts for 
numbers that were “no answer,” “busy,” or “eligible respondent not at 
home.” All interviews were conducted during both working and non- 
working hours from 2pm to 10pm on weekdays and weekends. Oral 
informed consent was obtained before each interview started. The 
response rates (i.e., Completed/[Eligibles + Unknown x Eligibles/(Eli-
gibles + Ineligibles)]) were 43% in survey 1, 42.1% in survey 2, 33.8% 
in survey 3, and 32% in survey 4, according to Response Rate 3 in 

American Association for Public Opinion Research (AAPOR). The 
cooperation rates (i.e., sum of completed interviews divided by the 
eligible numbers) were 72.0% in survey 1, 67.3% in survey 2, 73.5% in 
survey 3, and 72.8% in survey 4. Data of survey 1–3 was also reported in 
other previous investigations (Hou et al., 2021a, 2021b). Detailed 
sampling information for all four surveys were summarized in Supple-
mentary Material 2. 

In survey 4, a total of 74,476 telephone numbers were attempted, 
29,971 (40.2%) of them were ineligible for interview (i.e., invalid, non- 
resident/business telephone, fax numbers, no eligible respondent) and 
41,712 (56%) were unconfirmed eligible. Among the 2793 (3.8%) 
eligible numbers, interviews were completed for 2034 (72.8%), 485 
(17.4%) refused and 274 (9.8%) eligible respondents did not complete 
the interviews. A total of 2034 respondents were recruited with a 
response rate of 32% and a cooperation rate of 72.8% (error = ±1.6%, 
95% CI). 

The participation and nonparticipation rates were acceptable and 
comparable with population-representative samples in prior studies in 
Hong Kong (Galea and Tracy, 2007; Hou et al., 2015; Leung et al., 2005). 
All samples were weighted according to population demographic char-
acteristics (Census Statistics Department, 2020) to minimize potential 
selection biases and ensure the generalizability of the findings to the 
general population. 

2.2. Measurements 

Unrest stress. Respondents rated to what extent they felt distressed 
over: 1. government’s handling of unrest, 2. widespread and continuous 
demonstrations and protests, and 3. confrontation between the police 
and the protestors, and the use of riot control measures including 
physical assault, tear gas, and rubber bullets, on a 4-point scale (0 = not 
at all, 1 = some, 2 = quite, 3 = very much). Scores of each item were 
recoded into low (not at all/some = 0) and high (quite/very much = 1). 
High unrest stress referred to perceived high stress (i.e., quite/very 
much) on at least one of the three dimensions of government’s handling 
of the unrest, widespread protests, and the police’s confrontation with 
the protestors and riot control measures. The items are listed in Sup-
plementary Material 3. 

COVID-19 stress. Respondents rated to what extent they worried 
about being infected with COVID-19 on the same 4-point scale as in 
unrest stress items or perceived threat of 1. life, 2. long-term ill health, 
and 3. treatment side-effect if they were infected with COVID-19 on a 4- 
point scale (1 = strongly disagree, 2 = disagree, 3 = agree, 4 = strongly 
agree) (Supplementary Material 3). Scores for worry item were recoded 
into low (0 = not at all/some = 0) and high (quite/very much = 1). Items 
on health-related threat were summed (Cronbach’s alpha = 0.82) and 
recoded into low and high by median split. High COVID-19 stress 
referred to high scores on worry (quite/very much = 1) or high health/ 
life threat (≥median). 

Daily routine disruptions. Respondents rated to what extent daily 
routines of healthy eating and sleep (1 item) and socializing and leisure 
activities (1 item) were disrupted in the previous two weeks on an 11- 
point scale ranging from 0 (no disruption) to 10 (high level of disrup-
tions) (Hou et al., 2019; Lai et al., 2020). These two items were written 
in line with the categorization of everyday activities into primary and 
secondary routines (Hou et al., 2018, 2019). Scores on these two items 
were summed to indicate overall daily routine disruptions and recoded 
into high disruptions (≥median) and low disruptions (<median). 

Probable depression. The Chinese version of the 9-item Patient Health 
Questionnaire (PHQ-9) (Yu et al., 2012) was used to assess depressive 
symptoms in the past two weeks (0 = not at all, 1 = on several days, 2 =
on more than half of the days, 3 = nearly every day) in survey 1–4. High 
summed scores indicated higher depressive symptoms (range = 0–27). 
Chinese version of PHQ-9 has shown high internal consistency among 
Chinese in the prior studies (α > 0.80) (Yu et al., 2012). Cronbach’s 
alphas in this study were 0.84 in survey 1, 0.86 in survey 2, 0.86 in 
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survey 3, and 0.82 in survey 4. Scores of 10 or above were used to 
indicate probable depression based on previous population-based 
studies among Chinese (Hou et al., 2015; Yu et al., 2012). Due to 
possible overlaps between items in PHQ-9 and daily routine disruptions, 
we replicated all analyses with the first two items in PHQ-9 (i.e., 
PHQ-2): “Little interest or pleasure in doing things;” “Feeling down, 
depressed, or hopeless” with a validated cutoff score of 3 as a sensitivity 
analysis. 

Probable anxiety. The Chinese version of the 7-item Generalized 
Anxiety Disorder (GAD-7) was used to assess anxiety symptoms on the 
same 4-point scale as PHQ-9 in previous 2 weeks (Spitzer et al., 2006) 
from survey 2 to 4. Higher scores indicated higher anxiety symptoms 
(range 0–21). The scale was shown to be reliable (α = 0.92) and 
inversely correlated with different dimensions of self-rated health status 
of the measure was shown across different populations (Spitzer et al., 
2006). Cronbach’s alpha in this study were 0.93 in survey 2, 0.93 in 
survey 3, and 0.92 in survey 4. Scores at or exceeding 10 were used to 
indicate probable anxiety (Plummer et al., 2016). 

Demographics. We asked demographic characteristics including age 
in years, gender (female vs. male), education level (primary or below 
and secondary vs. tertiary or above), monthly household income (≤HK 
$19,999, HK$20,000–$39,999, HK$40,000–$59,999, and HK$60,000– 
$79,999 vs. ≥HK$80,000), employment status (dependent/unemployed 
vs. employed), home ownership (no vs. yes), savings (<HK$200,000 vs. 
≥HK$200,000), income change and saving change since the COVID-19 
outbreak (loss vs. gain/no change). 

2.3. Analytic plan 

First, we calculated the percentage of respondents by demographic 
characteristics and exposure to daily disruptions, weighted to the Hong 
Kong Census. Second, we estimated the prevalence of probable depres-
sion and probable anxiety with corresponding 95% confidence intervals 
(CI) stratified by high/low daily routine disruptions across the four 
surveys from July 2019 to August 2020. Third, we estimated trends of 
probable depression and probable anxiety from surveys 2 to 4 for four 
stress groups: 1. low unrest stress and low COVID-19 stress, 2. high 
unrest stress and low COVID-19 stress, 3. low unrest stress and high 
COVID-19 stress, and 4. high unrest stress and high COVID-19 stress 
(Table 1). Fourth, we used multiple logistic regression to assess the 
adjusted associations of stress groups with probable depression and 
probable anxiety controlling for sociodemographic characteristics in 
survey 4. In separate models we also analyzed the associations of indi-
vidual unrest and COVID-19 stressors with probable depression and 
probable anxiety. All analyses were stratified by high/low daily routine 
disruptions. Multiple imputation replaced missing data (<6%). 

3. Results 

3.1. Sample 

We analyzed results on 1112 respondents in survey 1, 2003 re-
spondents in survey 2, 2008 respondents in survey 3, and 2034 re-
spondents in survey 4 in this study. The current samples were weighted 
by Hong Kong population demographics. Demographic characteristics 
of the respondents in four surveys, namely age, gender, education level, 
and monthly household income were reflective of data in 2020 Hong 
Kong Census (Census Statistics Department, 2020). Supplementary 
Material 4 illustrates the comparison of survey 4 sample characteristics 
in July–August 2020 with the population demographic characteristics 
during the 2020 Hong Kong Census. 

3.2. Descriptive results 

The prevalence of probable depression was 25.7% in July 2019, 
28.2% in February–March 2020, 15.3% in April–May 2020, and 13.7% 
in July–August 2020; the prevalence of probable anxiety was 19.2% in 
February–March 2020, 14% in April–May 2020, and 14.2% in July-
–August 2020 (Table 2). Overall, the prevalence of probable depression 
and the prevalence of probable anxiety were lower in the Hong Kong 
population in April–May 2020 and July–August 2020 than in July 2019 
or February–March 2020. The prevalences of probable depression and 
probable anxiety were higher across surveys among respondents with 
high daily routine disruptions relative to those with low daily routine 
disruptions. 

Fig. 1 shows the prevalence of probable depression and probable 
anxiety stratified by high and low daily routine disruptions across sur-
veys. Probable depression and probable anxiety were higher among 
persons with high daily routine disruptions than persons with low daily 
routine disruptions across surveys. The trends of the prevalence of 
probable depression and probable anxiety from July 2019/Februar-
y–March 2020 to July–August 2020 were highly consistent. 

Supplementary Material 5 shows the trends of probable depression 
and probable anxiety for the four stress groups from February–March 
2020 to July–August 2020. The trends were highly similar between 
probable depression and probable anxiety. Overall, the trends of prob-
able depression and probable anxiety were the highest among re-
spondents with high unrest stress and high COVID-19 stress and the 
lowest among those with low unrest stress and low COVID-19 stress. 
Among high unrest and low COVID-19 stress group, the trends of 
probable depression dropped from high to low levels whereas the trends 
of probable anxiety remained consistently low between February 2020 
and May 2020; both trends stabilized between May 2020 and August 
2020. Among low unrest and high COVID-19 stress group, the trends of 
probable depression remained stable and probable anxiety dropped 
sharply between February 2020 and May 2020 and then became stable 
between May 2020 and August 2020. Overall, the trends of probable 
depression started high in February 2020 among low unrest stress and 
high COVID-19 stress group and high unrest stress and low COVID-19 
stress group, but the trends for the two groups reduced and remained 
stable to a similar level between May 2020 and August 2020. Probable 
anxiety started higher in February 2020 among lower unrest stress and 
high COVID-19 stress group relative to high unrest stress and low 
COVID-19 stress group, but the trends for the two groups converged to a 
similar level in July–August 2020. Each increase or decrease described 
above was outside the 95% confidence limit of the estimate at the pre-
vious time-point. 

Table 3 shows the relations of sociodemographic characteristics with 
probable depression and probable anxiety. Table 4 shows the associa-
tions of unrest stress and COVID-19 stress exposure with probable 
depression and probable anxiety, controlling for sociodemographic 
characteristics. Combined high unrest stress and high COVID-19 stress, 
relative to combined low unrest stress and low COVID-19 stress, were 

Table 1 
Sample size and percentage of stress groups.   

T2 (n =
2003) 

T3 (n =
2008) 

T4 (n =
2034) 

n % n % n % 

Group       
Low unrest stress & low COVID-19 

stress 
372 18.6 289 14.4 411 20.2 

High unrest stress & low COVID-19 
stress 

627 31.3 526 26.2 716 35.2 

Low unrest stress & high COVID-19 
stress 

101 5 202 10 118 5.8 

High unrest stress & high COVID-19 
stress 

903 45.1 991 49.3 789 38.8  
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associated with higher probable depression and probable anxiety at both 
low daily routine disruptions (adjusted odds ratio (aOR) = 7.99–8.50, 
95% CI: 2.34–2.82, 25.67–27.30) and high daily routine disruptions 
(aOR = 2.63–4.99, 95% CI: 1.50–2.55, 4.61–9.77). At high daily routine 
disruptions, high unrest stress and low COVID-19 stress was also asso-
ciated with increased likelihood of probable anxiety (aOR = 2.17, 95% 
CI: 1.06–4.42) relative to combined low unrest stress and low COVID-19 
stress. 

Additional analysis showed that (Supplementary Material 6) high 
stress towards government’s handling of unrest (vs. low stress) was 
positively associated with probable depression (aOR = 2.10, 95% CI: 
1.41–3.14) and probable anxiety (aOR = 2.25, 95% CI: 1.49–3.40) 
among persons with high daily routine disruptions. Probable anxiety 
was also positively associated with high stress towards confrontation 
between the police and the protestors (vs. low stress) and high worry 
about being infected with COVID-19 (vs. low worry) (aOR = 1.85–1.89, 
95% CI: 1.19–1.32, 2.73–2.87) among persons with high daily routine 
disruptions. Among persons with low daily routine disruptions, high 
worry about being infected with COVID-19 (vs. low worry) was posi-
tively associated with probable depression (aOR = 2.54, 95% CI: 
1.29–5.02) and probable anxiety (aOR = 4.77, 95% CI: 2.40–9.48). 

All descriptive and inferential statistical analyses were replicated 
with probable depression defined by PHQ-2 (≥3) (Supplementary Ma-
terial 7–10) and co-morbid disorders defined by PHQ-9 (≥10) and GAD- 
7 (≥10) (Palgi et al., 2020) (Supplementary Material 11–14), and found 
highly consistent findings. 

4. Discussion 

Using data from four, serial cross-sectional population-representa-
tive surveys over 2019 and 2020 in Hong Kong, we found an overall 
decline in probable depression and anxiety as the civil unrest abated in 
the first half of 2020. We also found that overall prevalence of probable 
depression and anxiety were higher among persons with high daily 
routine disruptions than among persons with low daily routine disrup-
tions. One year after the start of the anti-extradition bill protest (i.e., 
July 2020), high unrest and combined high unrest-COVID-19 stress—in 
particular stress about the government’s handling of unrest, about 
confrontations between the police and the protestors and riot control 
measures, and worry about COVID-19 infection—were associated with 
probable depression and anxiety among persons with high daily routine 
disruptions. Among persons with low daily routine disruptions, com-
bined high unrest-COVID-19 stress—in particular worry about COVID- 
19 infection—was associated with higher risk of probable depression 
and anxiety. 

We found a prevalence of probable depression of 25.7% in the second 
half of 2019 in current study; this is much higher than the ordinary time 
and also 11.2% probable depression documented in face-to-face in-
terviews during a similar time point in Hong Kong (Ni et al., 2020). 
Non-face-to-face assessments can encourage reporting of psychological 
distress (Benard et al., 2020) and our anonymous telephone surveys 
might have elicited reports of depression symptoms that might not be 
reflected in face-to-face interviews, particularly in an area like Hong 
Kong where mental health remains stigmatized. Other studies during 
mass traumatic events suggest, consistent with our study, that the 
prevalence of mental disorders, including depression, anxiety, 
post-traumatic stress disorder, bipolar disorder, and schizophrenia, can 
be as high as 22.1% at any point in time in conflict-affected populations 
across the globe (Charlson et al., 2019). Prevalence of mental disorders 
could be even higher in regions with more intense conflicts and casu-
alties. For example, the prevalence of depression was 38.5% among a 
random sample of households in Dogo Nahawa, North-Central Nigeria, 
where citizens were undergoing frequent and intense violent conflicts 
and massacre in the past decades (Taru et al., 2018). Prevalences of 
depression and anxiety were estimated to be 41% and 26% among 
people in the Kashmir Valley, a region with restricted economic Ta
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development, political instability including elimination of 
semi-autonomy provisions by India in 2019, and ongoing armed con-
flicts (Housen et al., 2017). Further work will be needed to reconcile the 
different prevalence of probable depression under civil unrest in Hong 
Kong reported by different studies. 

We showed high prevalences of probable depression and anxiety 

over time among persons with high daily routine disruptions relative to 
those with low disruptions; these findings were consistent with previous 
evidence in different populations (Fukuda et al., 1999; Goodwin et al., 
2020; Lai et al., 2020; Parks et al., 2018). Although we are not aware 
that this has been demonstrated in population-based studies after mul-
tiple traumas, other work suggests that this is consistent with our 

Fig. 1. Prevalence of probable (a) depression and (b) anxiety among Hong Kong respondents stratified by high/low daily routine disruptions from July 2019/ 
February–March 2020 to July–August 2020. 

Table 3 
Multivariable logistic regression examining the associations of socio-demographics with probable depression and anxiety among Hong Kong respondents by high/low 
daily routine disruptions in July–August 2020.   

High daily routine disruptions (n = 975) Low daily routine disruptions (n = 1059) 

Depression (n = 232)a Anxiety (n = 234)b Depression (n = 46)a Anxiety (n = 55)b 

aOR (95% CI) p aOR (95% CI) p aOR (95% CI) p aOR (95% CI) p 

Gender         
Male 1.0  1.0  1.0  1.0  
Female 1.34 (0.97–1.85) 0.07 1.31 (0.95–1.81) 0.10 0.93 (0.49–1.76) 0.82 1.34 (0.75–2.40) 0.32 

Age         
15–24 1.0  1.0  1.0  1.0  
25–34 0.82 (0.48–1.39) 0.45 1.04 (0.61–1.75) 0.89 0.27 (0.07–0.98) 0.05 0.40 (0.14–1.16) 0.09 
35–44 0.44 (0.25–0.80) 0.01 0.42 (0.23–0.76) 0.004 0.66 (0.21–2.10) 0.49 0.39 (0.13–1.17) 0.09 
45–54 0.46 (0.25–0.84) 0.01 0.60 (0.33–1.08) 0.09 0.49 (0.15–1.59) 0.23 0.55 (0.20–1.49) 0.24 
55–64 0.35 (0.19–0.66) 0.001 0.31 (0.16–0.58) <0.001 0.46 (0.13–1.60) 0.22 0.42 (0.14–1.25) 0.12 
65 or above 0.68 (0.36–1.29) 0.24 0.33 (0.16–0.65) 0.002 1.03 (0.33–3.19) 0.95 0.29 (0.09–0.97) 0.04 

Education level         
Tertiary education or above 1.0  1.0  1.0  1.0  
Secondary education 0.90 (0.62–1.32) 0.61 0.83 (0.57–1.21) 0.33 0.69 (0.32–1.49) 0.35 0.53 (0.27–1.03) 0.06 
Primary education or below 0.47 (0.24–0.91) 0.03 0.68 (0.35–1.32) 0.25 0.57 (0.17–1.93) 0.37 0.84 (0.26–2.70) 0.77 

Employment         
Employed 1.0  1.0  1.0  1.0  
Dependent/Unemployed 0.99 (0.68–1.45) 0.96 1.11 (0.76–1.63) 0.58 0.93 (0.44–1.97) 0.85 1.27 (0.65–2.46) 0.48 

Monthly household income (HK$)c         

$80,000 or above 1.0  1.0  1.0  1.0  
$60,000–$79,999 1.01 (0.49–2.08) 0.97 1.19 (0.58–2.44) 0.63 2.46 (0.71–8.45) 0.15 0.92 (0.31–2.70) 0.88 
$40,000–$59,999 0.96 (0.54–1.73) 0.90 1.26 (0.70–2.27) 0.43 0.73 (0.21–2.47) 0.61 0.87 (0.37–2.09) 0.76 
$20,000–$39,999 0.67 (0.37–1.20) 0.18 1.09 (0.61–1.94) 0.77 0.72 (0.23–2.29) 0.58 0.41 (0.16–1.07) 0.07 
$19,999 or below 1.02 (0.54–1.90) 0.96 1.21 (0.64–2.28) 0.56 0.83 (0.25–2.76) 0.76 0.60 (0.22–1.63) 0.32 

Home ownership         
Yes 1.0  1.0  1.0  1.0  
No 1.57 (1.03–2.40) 0.04 1.14 (0.76–1.71) 0.54 3.35 (1.29–8.73) 0.01 1.35 (0.66–2.77) 0.41 

Savings         
High 1.0  1.0  1.0  1.0  
Low 1.01 (0.70–1.48) 0.94 0.77 (0.53–1.12) 0.17 1.66 (0.76–3.64) 0.21 1.01 (0.50–2.02) 0.99 

Income change         
Gain/no change 1.0  1.0  1.0  1.0  
Loss 1.22 (0.85–1.74) 0.29 1.38 (0.96–1.98) 0.08 1.72 (0.84–3.50) 0.14 2.02 (1.05–3.90) 0.04 

Savings change         
Gain/no change 1.0  1.0  1.0  1.0  
Loss 1.35 (0.95–1.94) 0.10 1.29 (0.90–1.85) 0.16 0.91 (0.44–1.90) 0.80 0.99 (0.51–1.93) 0.97 

Note: p values are 2 sided. 
Abbreviation: aOR, adjusted odds ratio; CI, confidence interval. 

a PHQ-9 scores ≥10 were used to define probable depression. 
b GAD-7 scores ≥10 were used to define probable anxiety. 
c US$1 ≈ HK$7.80. 
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growing understanding of how stress affects mental health. Among 
conflict-affected refugees and forced migrants, previous studies have 
identified the protective role of stable everyday life experiences against 
symptoms of depression, anxiety, and post-traumatic stress disorder 
(Hou et al., 2020; Riza et al., 2020). Clinically, the onset and severity of 
bipolar spectrum symptoms have been suggested to be dependent upon 
the regularity of daily routines – irregular routines disrupt circadian 
rhythms, which predispose to more onsets of mental illnesses and more 
severe symptomatology (Goodwin and Jamison, 2007). A large body of 
literature has reported an inverse association between regularity of 
routines and episode onset in people with bipolar spectrum disorders 
(Alloy et al., 2015). 

We found that the effect of COVID-19 stress compounded the effect 
of unrest stress, contributing to diminished population mental health. 
These findings are both consistent with stress sensitization (McLaughlin 
et al., 2010) and proliferation (Pearlin et al., 1997) hypotheses on the 
cumulative nature of stressors and provide some of the first data about 
the relative importance of unrest stress and COVID-19 stress on popu-
lation mental health. COVID-19 stress was associated with higher 
prevalence of probable depression and anxiety relative to unrest stress in 
the beginning of the pandemic (February–March 2020), but then the 
prevalences converged towards July–August 2020. More importantly, 
high unrest stress alone and combined high unrest-COVID-19 stress were 
both associated with probable depression and anxiety among persons 
with high daily routine disruptions, who already had substantially 
higher burden of depression and anxiety. Probable depression and 
anxiety were associated only with combined high unrest-COVID-19 
stress among persons with low daily disruptions, suggesting that this 
group is protected against lower levels of stressors. This suggests that 
groups with disruptions to daily routines are more vulnerable to the 
adverse mental health impact of large-scale stressors (Goodwin et al., 
2020; Parks et al., 2018). 

Some limitations suggest cautions in interpreting the current find-
ings. First, we used self-report instruments (i.e., PHQ-9 and GAD-7) 
instead of clinical diagnoses to determine probable depression and 
anxiety. PHQ-9 and GAD-7 are the most extensively psychometrically 
tested reliable tools across populations (Dear et al., 2011; El-Den et al., 
2018; Martin-Subero et al., 2017; Plummer et al., 2016) including Chi-
nese (Chen et al., 2020; Wang et al., 2014, Yu et al., 2012; Zeng et al., 
2013). There could be concerns around inflated rates of depression and 
anxiety using self-report scores (Levis et al., 2020). But high sensitivity 
of PHQ-9 and GAD-7 for detecting probable depression and anxiety is 
nonetheless considered suitable for initial population screening and 
early detection (Dear et al., 2011; El-Den et al., 2018), when clinical 
interview is not feasible during the pandemic. Second, the response rates 
ranged between 32% and 43%. Because we did not obtain data on the 
demographics of people who did not respond to the survey, we were not 
able to analyze whether non-response was related to demographic fac-
tors. Nonetheless, there is no clear link between response rates and 

validity of data (Ben-Ezra et al., 2021; Galea and Tracy, 2007; Morton 
et al., 2012), with ample evidence that there may be no systematic 
difference in validity of surveys with lower or higher response rates as 
long as surveys are representative and do not embed differential enrol-
ment biases related to the questions of interest (Kohut et al., 2012). 
Third, the interval between survey 1 and 2 (i.e., 7–8 months) was 
different from those between other surveys (2–3 months). The intensity 
of protests and confrontation stayed at high levels starting June 2019 
until the outbreak of COVID-19 (Hartley and Jarvis, 2020). Critically, 
the prevalence of probable depression was higher in survey 2 relative to 
survey 1, suggesting that our data do capture plausible changes in 
mental health in the Hong Kong population. Fourth, only generic, 
health-related COVID-19 stress was assessed in the current study. There 
existed specific stressors such as the loss of a loved one from COVID-19 
that were closely related to probable depression and anxiety. Fifth, 
cross-sectional design limited causal inference in this study. Directions 
of the associations between trends of probable depression/anxiety and 
daily routine disruptions should be interpreted with cautions. 

This study is one of the first to describe the trends of mental disorders 
during simultaneous stressors from unrest and the COVID-19 pandemic. 
Remission of the current pandemic is yet to come even as civil unrest has 
been rising in other parts of the world, from the U.S. to Belarus and 
Lebanon. Our serial data suggest that the effect of COVID-19 stress 
combines with stress due to unrest to shape population mental health 
and that the latter may linger longer if civil unrest continues past the 
COVID-19 era. Exploring policies that help residents safely return to 
their routines such as eating and sleeping, leisure activities, and so-
cializing with friends may be a ripe area for future research to consider. 
Disadvantaged persons experiencing disruptions of daily living (Lai 
et al., 2020, 2021) during COVID-19 are particularly vulnerable to these 
stressors and require particular attention to mitigate the consequences 
of the multiple population-based traumas of the moment. 
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