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Background

Hong Kong's 3-year dynamic zero-COVID policy has caused
prolonged exposure to stringent, pervasive anti-epidemic
measures, which poses additional stressors on emotional well-
being through pandemic fatigue, beyond the incumbent fear of
the pandemic.

Aims

To investigate how major policy shifts in the zero-COVID strategy
have corresponded with changing relationships between emotional
well-being, pandemic fatigue from policy adherence, and pandemic
fear, following the pandemic peak to a living-with-COVID policy.

Method

A three-wave repeated cross-sectional study (N = 2266) was
conducted on the Chinese working-age population (18-64 years)
during the peak outbreak (Wave 1), and subsequent policy shifts
towards a living-with-COVID policy during the initial relaxation
(Wave 2) and full relaxation (Wave 3) of anti-epidemic measures
from March 2022 to March 2023. Non-parametric tests,
consisting of robust analysis of covariance tests and quantile
regression analysis, were performed.

Results

The severity of all measures was lowered after Wave 1;
however, extreme pandemic fears reported in Wave 2
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(n=38, 7.7%) were associated with worse emotional
well-being than the pandemic peak (Wave 1), which then
subsided in Wave 3. Pandemic fatigue posed greater
negative emotional well-being in Wave 1, whereas
pandemic fear was the dominant predictor in

Waves 2 and 3.

Conclusions

Pandemic fatigue and pandemic fear together robustly
highlight the psychological cost of prolonged pandemic
responses, expanding on a framework for monitoring and
minimising the unintended mental health ramifications of anti-
epidemic policies.
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Background of the zero-COVID policy

Aligning with China’s dynamic zero-COVID policy, Hong Kong
has been successful in maintaining a relatively low infection rate
since the first case on 23 January 2020, with vastly lower infections
during the first 100 days than in mainland China, parts of Europe,
Asia and the Middle East.! Bolstered by high public adherence to
infection prevention practices instilled by the severe acute
respiratory syndrome (SARS) epidemic in 2003, the dynamic
zero-COVID policy served as an effective elimination strategy in
isolating infections and minimising the risk factors of pandemic
outbreaks for the first 2 years in Hong Kong.? The public health and
social measures (PHSMs) of the zero-COVID strategy included
locating new symptomatic or asymptomatic cases via mass testing,
stricter border control and mandatory quarantining of inbound
persons and implementing targeted actions against these cases via
comprehensive contact tracing and small-scale lockdowns, as well
as social distancing measures via mask mandates, work from home
arrangements and dining rules. Nevertheless, the early success in
pandemic control did not exempt Hong Kong from the global
mental health crisis sparked by living under a global pandemic.’-

The immediate and pervasive psychological impacts were of
pandemic fears, that is, the fear of adverse effects from infection, or
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infecting close family members. Challenges in minimising risks for
Hong Kong citizens, such as shortages of face masks, inability to
work remotely for some and their concern for lax border policies
with China, have disrupted daily routines and elevated risk
perceptions, leading to a deterioration of mental health** Amid
low government trust from major political strife, pandemic fears and
self-reliance in managing individual risks were also key motivators
for greater adherence to anti-epidemic measures. Pandemic fatigue is
an extended public health crisis caused by prolonged exposure to
these invasive measures that disturb daily life functions of everyone,
regardless of direct experiences with coronavirus.’” It is linked with
weakening the effectiveness of anti-epidemic measures, which
evidently slowed down Hong Kong’s suppression of the third and
fourth outbreaks of COVID-19.%® Because of universal limitations on
daily activities for both vaccinated and unvaccinated individuals
under the zero-COVID policy, all individuals were at risk of
developing pandemic fatigue in Hong Kong.’ Individual dispositions
of Hong Kong citizens, such as a strong sense of moral responsibility
to follow anti-epidemic measures, fostered susceptibility to depres-
sion, anxiety and stress symptoms.'

Failing to capitalise on the initial success of the dynamic zero-
COVID policy, an outbreak of the highly transmissible Omicron

L)

Check for
updates


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1192/bjo.2025.18&domain=pdf
https://doi.org/10.1192/bjo.2025.18

Lau et al

2

variant (BA.2) in January 2022 far exceeded the capabilities of
stringent anti-epidemic measures without a highly immunised
population.!! The healthcare system was overloaded by a surge of
cases into the millions, elevating mortality rates of otherwise mild
COVID-19 cases without access to basic care.!? A sufficient
workforce to treat all serious cases, on top of quarantining the huge
spike of mild or asymptomatic people, was unfeasible. Mixed
messages from government officials further muddled their anti-
epidemic response direction by sparking rumours of potential
citywide lockdowns and instigating panic-buying behaviours.!?
Vaccine acceptance was stifled in part because of the high
pandemic fatigue, low-risk conditions cultivated under the zero-
COVID policy,'*!> which remained most tenacious amongst the
vulnerable elderly population,'® and necessitated an indefinite
continuation of PHSMs to reach a population state of herd
immunity. On 7 December 2022, China undertook its own
unanticipated policy shift out of zero-COVID strategy. This
sudden lift in anti-epidemic measures left the healthcare sector
and the general population unprepared after extensive stringent
policy restrictions to adapt to the sudden, overwhelming surge of
infections and deaths from unmitigated exposure to the Omicron
variant.'”

Research gap and study aim

The early merits of the dynamic zero-COVID policy cannot be
discounted in minimising transmissions and deaths. However, the
extant literature has seldomly linked mental health outcomes to
specific policy shifts themselves, which were common endeavours for
countries transitioning out of elimination strategies into living-with-
COVID conditions.'®!” Worldwide recognition of pandemic fatigue
as a risk factor for future outbreaks has prompted analysis of this
phenomenon; however, its prevalence has often conflated with its
symptoms of reduced motivation to follow anti-epidemic measures.
Bottom-up approaches to defining pandemic fatigue have created a
dearth in understanding of the roles enacted policies and policy-
makers have in preventing (not just alleviating) the buildup of
pandemic fatigue through better tailored PHSMs. Although
emerging demotivation towards preventative measures is generally
accepted as the main indicator of pandemic fatigue, it is difficult to
differentiate its true cause among individual levels of risk perception,
adherence to anti-epidemic measures or other daily life disruptions.?’
This study aimed to gauge the strength of effect from pandemic
fatigue and pandemic fear as predictors of emotional well-being in
the Hong Kong Chinese population, and to explore how this
relationship differs across multiple key policy shifts of the dynamic
zero-COVID policy from the first major outbreak of the Omicron
variant to the end of COVID-19 as a public health emergency.

Methods

Study design and participants

This study was part of a larger study titled ‘COVID-19 pandemic
and health’. We adopted a repeated, cross-sectional, questionnaire-
based design to gather data from three time points of significant
policy shifts, illustrated in Fig. 1, between March 2022 and
March 2023.

(a) Peak outbreak wave (Wave 1) surveyed from 7 March to 23
April 2022, during which the Omicron (BA.2) outbreak
exceeded a million active cases with a moving average of 21
685 daily cases reported in the first week from 7 to 13 March
2022.2! The escalation of policy stringency during this
period corresponded with the launch of the Vaccine Pass
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arrangement on 24 February 2022, a mandatory contract

tracing mobile application for granting access to public

premises for vaccinated citizens, while gathering bans and
compulsory COVID-19 testing were still in effect for all
citizens.

Initial relaxation wave (Wave 2) surveyed from 3 to 21

January 2023, proceeded PHSM relaxations during the

height of the second Omicron (BA.5) wave with a moving

average of 2600 daily cases reported in the first week from 3

to 9 January 2023.%! Vaccine Pass requirements, mandatory

quarantine and testing for non-vulnerable populations and
social distancing measures, barring the mask mandate, were

scrapped on 29 December 2022.

(c) Full relaxation wave (Wave 3) surveyed from 1 to 10 March
2023, where COVID-19 cases have substantially subsided,
given the moving average of 50 daily cases reported in the
first week from 1 to 7 March 2023.2% This wave aimed to
survey initial responses following the 945-day long mask
mandate being lifted on the same day from 1 March 2023
onwards.

(b)

Online questionnaires in Chinese were hosted on the
QuestionPro platform and disseminated via social media (i.e.
Facebook, WhatsApp and WeChat) and emails, based on
convenience and snowball sampling at each wave. Written
informed consent was obtained from all participants before data
collection. The inclusion criteria included those who were living in
Hong Kong, aged 18 or above, could read and understand Chinese
and had no COVID-19 infections within 1 week. The authors assert
that all procedures contributing to this work comply with the
ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2013. All procedures involving
human participants/patients were approved by the research ethics
committee of Hong Kong Baptist University (REC/21-22/0353,
REC/22-23/0336). In the report writing of this observational study,
we followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.?*

We received a total of 3587 responses, comprising 1580
(Wave 1), 1078 (Wave 2) and 929 (Wave 3) group responses. After
filtering for incomplete responses, excluding based on the lie scale
and omitting respondents past Hong Kong’s retirement age of 65
because of low case representation in each wave (0.8-3.8%), we
retained a valid sample of 1132 (71.6%), 493 (45.7%) and 641
(69.0%), respectively, for data analysis. Table 1 presents the sample
characteristics. Some 70.8%, 64.9% and 55.9%, respectively, of
respondents were female between our three waves. Our Wave 2
sample was younger with a mean age (27.02 + 11.32), compared to
Waves 1 (33.58+12.15) and 3 (34.23 + 13.95). Correspondingly,
71.9%, 44.4% and 56.8% were engaged in work arrangements
between our three waves, and 21.2%, 51.3% and 31.2% were
students, respectively. Hong Kong’s outbreaks and vaccination
trends were represented in our samples, such as the large uptick in
COVID-19 infections observed from Wave 1 (22.7%) to Wave 2
(56.6%), while vaccination uptake at three doses rose between Wave
1 (34.3%) and Wave 2 (82.6%). Beliefs in herd immunity were
initially in agreement of its effectiveness in Wave 1 (66.3%), but this
rescinded towards neutral responses, almost doubling from Wave 1
(18.3%) to Wave 2 (32.7%) and Wave 3 (32.1%).

Instruments
Demographics and COVID-19 status and beliefs

Surveys contained self-reported demographic questions and
COVID-19 questions on vaccination statuses to gauge population
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Fig. 1 Timeline of the case statistics, outbreaks and policy responses during the COVID-19 pandemic in Hong Kong from 1 January 2020 to July
2023. Note: the time frames designated in our study are annotated as (a) Wave 1, (b) Wave 2 and (c) Wave 3, investigating the period during and
after the first belated outbreak in Hong Kong's pandemic timeline. Active cases and total deaths data collated from the Centre of Health
Protection, supplemented by Worldometer.?"?2 Data on the Stringency Index, a composite measure of the strictness of nine possible types of

anti-epidemic policy responses issued by the government, was sourced from the Oxford Coronavirus Government Response Tracker (OXGRT)
project but does not extend past 31 December 2022.2% The Assumed Stringency Index continues the Stringency Index line past the available
data based on the successive pandemic developments. See further comparisons with other countries in Supplementary Appendix 1. PHSMSs,

public health and social measures.

levels of vaccine hesitancy, whether participants have contracted
COVID-19 before and their confidence in the effectiveness of herd
immunity - the purported goal of the dynamic zero-COVID policy.

COVID-19 Burnout Frequency Scale

The COVID-19 Burnout Frequency Scale (CV-19 BES) was used.
This validated 5-item scale, which measures pandemic fatigue in
relation to the COVID-19 pandemic, has excellent internal
consistency (Cronbach’s @ =0.90).> The scale focuses on the
frequency of burnout in coping with COVID-19 anti-epidemic
measures through symptoms of emotional exhaustion and physical
tiredness, boredom from travel restrictions or a loss of control in
life, as well as stress, confusion, hopelessness and frustration in
adherence with prevention measures. [tems were rated on a 7-point
frequency-based Likert scale: never (1); a few times a year (2);
at least once a month (3); several times a month (4); once a week
(5); several times a week (6); and once per day or more (7).
Discriminative item analysis was performed on the original data-set
to validate the sensitivity of each item in distinguishing discrete
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levels of pandemic fatigue.”® High and low subgroup criterion
scores were derived from the discrimination index of the top 27%
and bottom 27% of CV-19 BES total score distributions, which
yielded good-to-excellent discrimination indices per item (low
burnout: 5-12; medium burnout: 13-25; high burnout: 26-35).2°

Fear of COVID-19 Scale

The Fear of COVID-19 Scale (FCV-19S) was used to measure the
level of pandemic fear for COVID-19. The scale showed good
internal consistency (Cronbach’s o =0.82) and moderate test—
retest reliability, as assessed by the intraclass correlation
coefficient (ICC =0.72).”” Participants indicated their level of
agreement with the statements on a 5-point Likert scale from
strongly disagree (1) to strongly agree (5) for a total score between
7 and 35, with higher scores indicating greater pandemic fears.
Past studies demonstrate the cross-cultural applicability of the
scale.?®3% An upscaled cut-off point of 17.5 or above has been
recommended to indicate extreme fear of COVID-19 within
Chinese populations.*
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Table 1 Distribution of demographic variables, COVID-19 status and beliefs and scale scores between waves (N = 2266)

Variables

(a) Demographic variables

Gender
Male
Female

Age
18-24
25-44
45-64

Employment status
Full-time workers
Others (part-time/freelance/temporary work)
Unemployed
Retired
Students
Homemakers

(b) COVID-19 status and beliefs
Been infected by COVID-19 before?

No (0)

Yes (1)

Undisclosed
No. of vaccination(s)

0 dose (0)

1 dose (1)

2 doses (2)

3 doses or above (3)

Fully vaccinated

Not enough (3 below) (0)

Enough (3 or above) (1)

Do you agree that herd immunity is effective?
Strongly disagree (1)
Disagree (2)

Neutral (3)

Agree (4)

Strongly agree (5)

| don't know

(c) Scale scores

COVID-19 Burnout Frequency Scale (CV-19 BFS)
Low burnout (5-12)
Medium burnout (13-25)
High burnout (26-35)

Fear of COVID-19 Scale (FCV-19S)
Low fear (<17.5)

Extreme fear (>17.5)
Depression, Anxiety and Stress Scale-21 (DASS-21)
Depression

Normal (0-9)

Mild (10-13)

Moderate (14-20)

Severe (21-27)

Extremely severe (28-42)
Anxiety

Normal (0-7)

Mild (8-9)

Moderate (10-14)

Severe (15-19)

Extremely severe (20-42)
Stress

Normal (0-14)

Mild (15-18)

Moderate (19-25)

Severe (26-33)

Extremely severe (34-42)

Wave 1 (1, = 1132)
mean (s.d.) n (%)

331 (29.2%)
801 (70.8%)
33.58 (12.15)
350 (30.9%)
507 (44.8%)
275 (24.3%)

673
’141

59.5%)
12.5%)
1.5%)
1.3%)
21.2%)
6 (4.1%)

240

875 (77.3%)
257 (22.7%)

2.23 (0.68)
35 (3.1%)

5 (4.9%)
654 (57.8%)
388 (34.3%)

744 (65.7%)
388 (34.3%)
3.86 (1.20)
59 (5.2%)
116 (10.2%)
207 (18.3%)
298 (26.3%)
452 (39.9%)
20.03 (8.91)
292 (25.8%)
487 (43.0%)
353 (31.2%)
16.41 (5.54)
678 (59.9%)
454 (40.1%)
29.89 (23.95)
10.11 (9.15)
603 (53.3%)
170 (15.0%)
216 (19.1%)
74 (6.5%)
69 (6.1%)
7.79 (7.44)
640 (56.5%)
103 (9.1%)
218 (19.3%)
73 (6.4%)
98 (8.7%)
12.09 (9.29)
760 (67.1%)
118 (10.4%)
141 (12.5%)
77 (6.8%)
36 (3.2%)

Wave 2 (n, = 493)
mean (s.d.) n (%)

173 (35.1%)
320 (64.9%)
27.02 (11.32)
306 (62.1%)
121 (24.5%)
66 (13.4%)

2.4%)

206 (41.8%)
279 (56.6%)
8 (1.6%)
2.76 (0.60)
10 (2.0%)
4 (2.8%)
2 (12.6%)
407 (82.6%)

86 (17.4%)

407 (82.6%)
3.40 (0.94)
2 (2.4%)

6 (11.4%)

’161 (32.7%)

‘161 (32.7%)
47 (9.5%)

6 (11.4%)

15.24 (7.59)
228 (46.2%)
196 (39.8%)

69 (14.0%)
10.71 (4.34)
455 (92.3%)
38 (7.7%)
22.95 (23.94)
7.52 (8.71)
323 (65.5%)
58 (11.8%)
68 (13.8%)
24 (4.9%)
20 (4.1%)
7.08 (7.71)
297 (60.2%)
7 (9.5%)
77 (15.6%)
8 (5.7%)
44 (8.9%)
8.61(8.87)
398 (80.7%)
7.3%)
5.7%)
4.3%)
2.0%)

28

’IO

Note: Bold statistics denote the mean and s.d. of the variable in its corresponding wave. *** P <0.001; ** P <0.01; * P < 0.05.

Wave 3 (n3 = 641)
mean (s.d.) n (%)

283 (44.1%)
358 (55.9%)
34.23 (13.95)
242 (37.8%)
220 (34.3%)
179 (27.9%)
300 46.8%)
10 0%)
1.9%)
3.9%)
31.2%)
6.2%)

200

188 (29.3%)
453 (70.7%)

2.72 (0.62)
16 (2.5%)
1(1.7%)

‘|O7 (16.7%)

525 (78.8%)

134 (20.9%)
507 (79.1%)
3.54 (0.91)
1(1.7%)
8 (10.6%)
206 (32.1%)
274 (42.7%)
(123%)
15.27 (8.25)
293 (45.7%)
261 (40.7%)
87 (13.6%)
10.77 (4.82)
584 (91.1%)
57 (8.9%)
19.65 (21.80)
6.05 (7.61)
473 (73.8%)
59 (9.2%)
71 (11.1%)
22 (3.4%)
16 (2.5%)
5.96 (7.00)
435 (67.9%)
43 (6.7%)
97 (15.1%)
29 (4.5%)
37 (5.8%)
7.83 (8.43)
526 (82.1%)
.0%)
4.7%)
4.1%)
1.2%)

18
0 (
2 (
8 (

40.17***

1562.24***

429.82%**

514.00%**

498.70%**

271.95%**

141.81%%*

310.87***

78.41%**

25.04%*

69.78***
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Depression Anxiety Stress Scale-21

The Depression Anxiety Stress Scale-21 (DASS-21) was used to
assess emotional well-being through the states of depression,
anxiety and psychological stress symptoms.*’*? The scale has
demonstrated good internal consistency across its three subscales of
depression (Cronbach’s o =0.94), anxiety (Cronbach’s o = 0.87)
and stress (Cronbach’s o = 0.91).3! It has been validated for clinical
and non-clinical samples.** We used the validated Chinese
version.® Participants were asked to rate the extent to which they
have experienced each state over the past week on a 4-point
frequency Likert scale from never (0) to almost always (3) for total
scores of 0-21 (0-42 adjusted) per subscale; higher scores indicate
greater negative emotional well-being outcomes. The scoring
distinguishes between five levels of depression, anxiety and stress
symptoms: normal, mild, moderate, severe and extremely severe.*?

The internal consistency of the above instruments were
acceptable at all three waves (Supplementary Appendix 2 for
McDonald’s omega and Cronbach’s alpha values).

Statistical analysis

Data analysis was conducted using IBM SPSS Statistics for
Windows, Version 29.0 (IBM Corporation, Armonk, New York)
and the software R for Windows, Version 4.4.1 (R Foundation
for Statistical Computing, Vienna, Austria; see https://www.R-
project.org/). Statistical tests utilised a two-tailed test for P-
values < 0.05 to be considered significant. Non-parametric tests
were chosen to analyse the non-normal distributions of
emotional well-being (DASS-21) scores because of floor effects
(see Supplementary Appendix 3). Robust analysis of covariance
(ANCOVA) tests were performed with the WRS package in R to
probe for significant differences in 20% trimmed mean scores of
pandemic fatigue (CV-19 BFS), pandemic fear (FCV-19S) and
emotional well-being outcomes between waves,*® controlling
for sizeable group differences in gender and age as covariates.
Non-normal distributions were treated with iterated analysis of
variance (ANOVA) tests across subgroups representing popula-
tion demographics (gender by age group) for weighted F-scores
and P-values calculated using 20% trimmed means, which is the
mean after omitting 20% of scores from both tail ends of the
distribution for a measure of central tendency less sensitive to
outliers or heavy-tailed distributions, while controlling for the
probability of Type I errors.*® In addition, categorical levels of
pandemic fatigue (low burnout, medium burnout, high burnout)
and pandemic fear (extreme fear of COVID-19, low fear of
COVID-19) were plotted between waves as five individual
groups for ANCOVA tests of 20% trimmed mean scores in
emotional well-being. Spearman’s R was used to explore the
relationship between all scales, and a bootstrapped test for
multicollinearity using the MTest package in R examined
their appropriateness for regression analyses.”” Spearman’s
R was used to explore the relationship between all scales, and
a bootstrapped test for multicollinearity using the MTest package
in R examined their appropriateness for regression analyses.?’”
Quantile regression analysis was conducted to examine for
heterogenous relationships between the main effects of pandemic
fatigue and pandemic fear on predicted emotional well-being
scores, where gender, age, COVID-19 status and beliefs were
also predictors. Under multiple conditional quantiles at 25%,
50% and 75%, the differences in strength of association of
predictors can be measured at the median (50%) or higher (75%)
and lower (25%) prevalences of depression, anxiety and stress
symptoms.
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Results

Estimating significant wave differences in scale
scores

A robust ANCOVA between our three waves indicated highly
significant differences in male and female, 18-24-year-old
respondents’ scores for CV-19 BFS (male: F(, 316 = 22.73, female:
Fios70)=7048 P <0.001), FCV-19S (male: Fy356 = 4441,
female: F(;s79)=121.14; P <0.001), depression (male: Fp 316 =
4.04, P=0.019; female: F5;9)=43.86, P <0.001) and stress
(male: F; 316) = 5.23, P = 0.007; female: F(, 579) = 24.75, P < 0.001),
which trended towards declining post-Wave 1 (see Table 2).
Anxiety was the most pervasive symptom of negative emotional
well-being, exhibited by over a quarter of respondents across all
waves at a moderate or higher level, and was not alleviated for
18-24-year-old male respondents (F(;316)=1.32, P=0272),
unlike for female respondents (F(579)=17.45, P <0.001).
Overall, older respondents aged 45-64 reported the least sensitivity
to changes in emotional well-being outcomes between policy shifts
at different waves, such as in depression for female respondents
(F2,316) =3.00, P=10.057) and anxiety for both genders (male:
Fosie =106, P=0356; female: Fs50=0.13, P <0.875).
Notably, pandemic fatigue was also invariant in this age group
between waves (F, 316 = 0.96, P =0.392).

As shown earlier in Table 1, the proportion of Wave 1
respondents experiencing high burnout (31.2%) and extreme fears
of COVID-19 (40.1%) plateaued in the subsequent waves, where
the percentage of respondents under high burnout (Wave 2: 14.0%;
Wave 3: 13.6%) and extreme fears of COVID-19 (Wave 2: 7.7%;
Wave 3: 8.9%) remained relatively stable. However, after factoring
for how populations under different pandemic fatigue and
pandemic fear severity levels correlated with emotional well-
being (see Supplementary Appendix 4), this unveiled large
differences in 20% trimmed means for emotional well-being
contingent on extreme fear of COVID-19 symptoms in Wave 2. As
illustrated in Fig. 2, Wave 2 respondents under extreme pandemic
fear (n = 38; 7.7%) exhibited greater negative emotional well-being
outcomes than Wave 1 respondents (depression:=8.32,
P=0.003-0.013; anxiety: =9.69, P <0.001; stress:=7.28,
P =0.010-0.038) and higher stress symptoms than Wave 3
respondents = 8.20, P = 0.022-0.027), whilst controlling for gender
and age (Supplementary Appendix 5). The declines in negative
emotional well-being for respondents with high, medium and low
levels of pandemic fatigue between waves were not all significant
between gender and age groups, while pandemic fear produced
more uniform effects on emotional well-being across our sample
population.

Predictors of emotional well-being

Spearman’s rank correlations were significant between scale
measures at every wave and all predictor variables were assessed
for multicollinearity (see Supplementary Appendix 6), which was
only detected among age, employment and student enrolment. Age
was retained as the more informative demographic factor in our
quantile regression analysis (Table 3). Prediction models were
assessed for their goodness-of-fit as R! by Koenker and Machado,*
a pseudo R? between 0 and 1 attributable as a local measure of each
individual quantile based on minimising the sum of weighted
deviations.

Between different quantiles of emotional well-being, respond-
ents’ depression, anxiety and stress symptoms in general were
incrementally more sensitive at higher quantiles to a change in
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Table 2 Differences in pandemic fatigue, pandemic fear and emotional well-being between waves, controlling for gender

and age (N = 2266)

Measures F P Pairwise comparisons
CV-19 BFS Weighted F = 30.79 <0.001-0.392 Wave 1 > Wave 2, Wave 1 > Wave 3
Male/18-24 22.73 <0.001
Male/25-44 12.63 <0.001
Male/45-64 0.96 0.392
Female/18-24 70.48 <0.001
Female/25-44 28.10 <0.001
Female/45-64 5.71 0.005
FCV-19S Weighted F = 77.00 <0.001 Wave 1 > Wave 2; Wave 1 > Wave 3
Male/18-24 44.41 <0.001
Male/25-44 36.67 <0.001
Male/45-64 36.98 <0.001
Female/18-24 121.14 <0.001
Female/25-44 84.33 <0.001
Female/45-64 75.18 <0.001
DASS-21 - depression Weighted F = 18.76 <0.001-0.057 Wave 1 > Wave 3
Male/18-24 4.04 0.020
Male/25-44 12.67 <0.001
Male/45-64 8.44 <0.001
Female/18-24 43.86 <0.001
Female/25-44 16.82 <0.001
Female/45-64 3.00 0.057
DASS-21 — anxiety Weighted F = 6.03 <0.001-0.875 No significant differences
Male/18-24 1.32 0.272
Male/25-44 4.24 0.018
Male/45-64 1.06 0.356
Female/18-24 17.45 <0.001
Female/25-44 3.03 0.053
Female/45-64 0.13 0.875
DASS-21 - stress Weighted F = 12.78 <0.001-0.012 Wave 1 > Wave 3
Male/18-24 5.23 0.007
Male/25-44 12.48 <0.001
Male/45-64 4.89 0.012
Female/18-24 24.75 <0.001
Female/25-44 12.20 <0.001
Female/45-64 4.92 0.010
CV-19 BFS, COVID-19 Burnout Frequency Scale; FCV-19S, Fear of COVID-19 Scale; DASS-21, Depression Anxiety Stress Scale-21.
Note: Multiple comparisons were given by 2267 design points weighted by pairs of gender (two groups) and age groups (three groups) scaled to the
population sample and using the 20% trimmed means of scale scores between waves. Significant F-scores are displayed in bold. Pairwise comparisons
indicate a significant global hypothesis of different distributions at a 5% significance level when controlling for the effects of gender and age.

either pandemic fatigue or pandemic fear, or both, at significant
levels. Large regression coefficient differences between waves
signified changing strengths of relationship between emotional
well-being outcomes, especially in pandemic fatigue and pandemic
fear levels. As evidenced by Fig. 3, negative emotional well-being
outcomes in Wave 1 were initially strongly predicted by pandemic
fatigue, and a weaker quantile-invariant effect of pandemic fears in
depression (CV-19 BFS: Bjse, =0.33 AR?>=0.077, Bsgy, =0.52
AR?=0.119, Byse,=0.70 AR*=0.154; FCV-19S: Bysy, = 0.25
AR? =0.017, Bsgo, = 0.24 AR2 =0.013, Byse; = 0.25 AR =0.012),
anxiety (CV-19 BFS: Bysy,=0.17 AR?=0.031, Bsge =0.28
AR?>=0.065, Byso, =0.45 AR?>=0.094; FCV-19S: Bjso = 0.28
AR? = 0.033, Bsgo, = 0.33 AR? = 0.041, Bysq, = 0.39 AR?=0.033)
and stress (CV-19 BFES: B,sy, =0.35 AR?>=0.075, Bsgy, = 0.54
AR*=0.107, Bysy,=0.63 AR?=0.128; FCV-19S: B,y = 0.42
AR? = 0.40, Bsgo, = 0.42 AR? =0.036, Byso, = 0.44 AR?=0.023).
During Wave 2, the effects of pandemic fears were much more
prominent, including for higher quantiles, while pandemic fatigue
contributed a much weaker effect on depression (CV-19 BFS:
Bjses =0.08 AR?>=0.008, Bsgsy, =0.26 AR?>=0.028, Byse, =0.38
AR?=0.036; FCV-19S: Byso, =0.59 AR?>=0.093, Bsge = 0.90
AR?=0.113, Bysy=1.12 AR?=0.119), anxiety (CV-19 BFS:
Byso, = 0.04 AR?=0.004, Bsge, = 0.16 AR?=0.015, Byse, = 0.25
AR?=0.018; FCV-19S: Byse, =0.76 AR?>=0.135, Bsyy = 1.09
AR?*=0.178, Byse, =125 AR*=0.182) and stress symptoms
(CV-19 BES: B,sy, = 0.08 AR?=0.007, Bsge, =0.21 AR>=0.019,
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Bysi=0.38 AR>=0.040; FCV-19S: B,sy=0.92 AR?=0.128,
Bsge, =1.13  AR?>=0.155, Byso, =1.18 AR?>=0.127). Wave
3 models illustrated a similar relationship of pandemic fatigue
and pandemic fear with emotional well-being, but had significantly
declined in goodness-of-fit for the 25% quantile (pseudo
R?>=10.028-0.065) and 50% quantile (pseudo R*=0.141-0.154),
including a non-significant effect of pandemic fatigue on the 25%
quantile of emotional well-being. Hence, our regression model only
retained its goodness-of-fit for the upper tail of predicted DASS-21
scores in Wave 3. Gender, COVID-19 status and beliefs had
isolated and inconsistent effects in our models; however, younger
ages consistently predict greater risks to emotional well-being at
each wave on multiple quantiles.

Discussion

To our knowledge, this is the first study that attempts to discern the
influence of the Chinese dynamic zero-COVID policy on mental
health at multiple key policy shifts. Our findings provide evidence
that emotional well-being was dynamically influenced by the
combination of pandemic fatigue and pandemic fear during the
three waves of pivotal policy shifts from the dynamic zero-COVID
policy to living-with-COVID policy. Depression, anxiety and stress
symptoms were more affected by pandemic fatigue during the peak
outbreak of the Omicron variant, whereas the latter two waves
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Fig. 2 Comparison of 20% trimmed mean scores of depression, anxiety and stress in three waves by pandemic fatigue (a)-(c) and pandemic
fear (d)-(f) cut-off scores. Note: low, medium and high burnout, indicating levels of pandemic fatigue severity, denote respondents with a
COVID-19 Burnout Frequency Scale score between 5 and 12, 13 and 25 and 26 and 35, respectively. Extreme fear of COVID-19 and low fear of
COVID-19 denote respondents with a Fear of COVID-19 Scale score above 17.5 and below 17.5, respectively. Pairwise comparisons between

waves were given by a robust analysis of covariance using 20% trimmed means on four groups split by gender and the median of population
ages. Effect sizes were presented as the explanatory measure of effect size (£2).38 Averaged effect sizes (¢?) were annotated for pairwise
comparisons with the lowest groups’ significance levels. Small effect size: &2 = 0.14; medium effect size: &2 = 0.34; large effect size: &2 = 0.52.
*** P> (0.001; ** P> 0.01; * P> 0.05. DASS-21, Depression Anxiety Stress Scale-21.

during policy shifts towards living with COVID were much more
sensitive to pandemic fears.

The first major outbreak of COVID-19 in Hong Kong,
measured by Wave 1, took place 2 years into the dynamic zero-
COVID strategy and was nevertheless highly evocative of mental
health symptoms. This wave markedly induced the highest levels of
pandemic fear and pandemic fatigue, and generated the highest
level of negative emotional well-being of the waves examined in our
study. Subsequently, depression, anxiety and stress symptoms
declined until the end of the pandemic, whilst pandemic fatigue and
pandemic fear would sharply decline within 10 months at Wave 2,
and remain prevalent at Wave 3. Policy Stringency Index data
provides us with a standardised, global measure to chart
intermediary policy changes between waves, which supplements
our findings of changes in pandemic fatigue and pandemic fear
levels. Pandemic fatigue is strongly reflected by prolonged
adherence to policy stringency levels.” Up until the Omicron
outbreak, the Hong Kong population endured PHSMs operating at
a consistently high policy stringency under a low incidence of
infections. At Wave 1, active cases and policy stringency also
peaked in tandem with our other measures, where pandemic fatigue
exerted greater strain on emotional well-being than pandemic fear
during this wave. In under 2 months, PHSMs were already
administered at much less strenuous levels of policy stringency
throughout the second Omicron outbreak, before Wave 2.
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Moderate levels of pandemic fatigue still persisted subsequent to
this wave, which we posit may be the effect of policy uncertainty as
an alternative source of frustrations with adherence to stringent
measures,*! given the lack of a clear exit strategy communicated
from the government.

Not only were pandemic fatigue levels unchanged between
Wave 2 and Wave 3, but so were pandemic fear levels in response to
escalating and de-escalating COVID-19 cases of these waves. We
adopted the FCV-19S in this study to measure pandemic fear,
defined as the perceived risk of contracting COVID-19 by its
transmissibility, morbidity and mortality rates.”” However, mount-
ing evidence elucidates the complexity of risk perception through a
multitude of different factors, including individual pandemic
experiences, vaccination rates and beliefs and accuracy of
pandemic-related knowledge, as well as agreement with public
health strategies.!”*>~** The impact of such factors may explain
detachments between high fear of COVID-19 levels and risk-prone
periods of outbreaks found in other studies.*>*

Cui et al*’ conducted a word frequency analysis during China’s
parallel exit from the zero-COVID policy, from a transitional 4-
week period before zero-COVID measures were undone, and after,
which uncovered that losses of social well-being at the transition
period exceeded those in the period of unabated transmissions.
Furthermore, compared with Chinese respondents in living-with-
COVID countries, lower anxiety and greater resilience towards
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Table 3 Predicting emotional well-being in Waves 1-3 at the 25%, 50% and 75% quantiles using pandemic fatigue and pandemic fear, and other factors

Intercept
Gender (0 = male)

Age

No. of vaccinations taken (0-3+)
Contracted COVID-19 before (0 = have not)
Herd immunity outlook (1-5)

CV-19 BFS

FCV-19S

Pseudo R?

CV-19 BFS AR?

FCV-19S AR?

Intercept
Gender (0 = male)

Age

No. of vaccinations taken (0-3+)
Contracted COVID-19 before (0 = have not)
Herd immunity outlook (1-5)

CV-19 BFS

FCV-19S

Pseudo R?

CV-19 BFS AR?

FCV-19S AR?

Intercept

Gender (0 = male)

Age

No. of vaccinations taken(0-3+)
Contracted COVID-19 before (0 = have not)
Herd immunity outlook (1-5)
CV-19 BFS

FCV-19S

Pseudo R?

CV-19 BFS AR?

FCV-19S AR?

CV-19 BFS, COVID-19 Burnout Frequency Scale; FCV-19S, Fear of COVID-19 Scale.

—5.00 (1.27)***
—0.07 (0.38)
—-0.03 (0.02)

0.04 (2.69)

0.67 (0.42)

—0.28 (0.16)
0.33 (0.02)***
0.25 (0.03)***
0.154
0.077
0.017

—3.35 (1.17)**
—0.05 (0.34)
—0.06 (0.01)***
—0.27 (0.26)
0.04 (0.33)
0.11 (0.17)
0.08 (0.02)***
0.59 (0.04)***
0.101
0.008
0.093

—1.75 (0.29)***
-0.00 (0.08)
-0.00 (0.00)
—0.00 (0.06)
—0.00 (0.08)
-0.00 (0.04)

0.00 (0.00)
0.25 (0.01)***
0.028
0.000
0.028

—1.48 (1.62)
—-0.42 (0.49)
—0.06 (0.02)**
—0.13 (3.44)
0.41 (0.54)
—-0.24 (0.27)
0.52 (0.03)***
0.24 (0.04)***

0.222
0.119
0.013

—0.89 (2.55)
—-0.12 (0.75)
—-0.11 (0.03)**
—-1.05 (0.57)
—-0.16 (0.73)
—0.26 (0.38)
0.26 (0.05)***
0.90 (0.08)***
0.232
0.028
0.113

0.41 (2.02)
-1.13 (0.53)*
—0.07 (0.02)***
—-0.01 (0.43)
—0.91(0.58)
—0.35 (0.30)
0.16 (0.03)***
0.60 (0.06)***
0.140
0.013
0.070

4.21 (212)*
—3.09 (0.63)***
—0.06 (0.26)*
—1.05 (0.45)*
0.57 (0.70)
-0.31(0.27)
0.70 (0.04)***
0.25 (0.05)***

0.257
0.154
0.012

0.56 (4.27)
—0.35 (1.26)
—0.14 (0.05)**
-1.18 (0.95)
-0.65 (1.22)
0.09 (0.64)
0.38 (0.08)***
1.12 (0.14)***
0.246
0.036
0.119

1.94 (2.57)
-1.27 (0.67)
—0.09 (0.02)***
-0.50 (0.55)
—0.50 (0.55)
-0.45 (0.38)
0.41 (0.04)***
0.81 (0.07)***
0.227
0.045
0.090

Note: Pseudo R? was calculated using Koenker and Machado's goodness-of-fit measure (R")* for individual quantiles.

*** P <0.001; ** P<0.01; * P <0.05.

—4.20 (1.17)***
0.24 (0.35)
—-0.01 (0.01)
—0.30 (0.25)
1.72 (0.39)***
—-0.03 (0.15)
0.17 (0.02)***
0.28 (0.03)***

0.099
0.031
0.033

—5.05 (0.98)***
0.10 (2.90)
-0.03 (0.01)*
—-0.12 (0.22)
0.04 (0.28)
0.04 (0.15)
0.04 (0.02)*
0.76 (0.03)***
0.159
0.004
0.135

—2.80 (0.46)***
—0.00 (0.12)
—0.00 (0.00)
—0.00 (0.10)
—0.00 (0.13)
-0.00 (0.07)

0.00 (0.01)
0.40 (0.01)***
0.059
0.000
0.056

—2.88 (1.39)*
0.09 (0.42)
—0.06 (0.02)***
—0.08 (0.30)
1.35 (0.46)**
0.07 (0.18)
0.28 (0.02)***
0.33 (0.04)***
0.170
0.065
0.041

—-5.33 (2.15)*
0.23 (0.63)
—0.08 (0.03)**
—0.25 (0.48)
-0.11(0.67)
-0.05(0.32)
0.16 (0.04)***
1.09 (0.07)***
0.241
0.015
0.178

-1.09 (1.67)
-0.42 (0.44)
—-0.04 (0.02)*
-0.49 (0.36)
—-0.09 (0.48)
-0.39 (0.25)
0.09 (0.03)**
0.83 (0.05)***
0.154
0.010
0.123

0.26 (2.12)
-0.65 (0.64)
—-0.07 (0.03)**
—0.45 (0.45)
0.77 (0.70)
—-0.26 (0.27)
0.45 (0.04)***
0.39 (0.05)***

0.207
0.094
0.033

—3.40 (3.42)
0.41 (1.01)
—0.07 (0.04)
—1.00 (0.76)
0.64 (0.97)
0.06 (0.51)
0.25 (0.07)***
1.25 (0.11)***
0.284
0.018
0.182

3.63 (2.79)
-0.00 (0.73)
—0.08 (0.03)**
—0.58 (0.60)
—1.63 (0.80)
—0.85 (0.41)*
0.26 (0.05)***
0.91 (0.08)***
0.235
0.024
0.132

—0.86 (1.68)
—0.04 (0.57)
—0.01 (0.02)
0.09 (0.3¢)
0.75 (0.56)
0.34 (0.21)
0.35 (0.03)***
0.42 (0.04)***
0.171
0.075
0.040

—6.68 (1.58)***
0.22 (0.47)
—0.05 (0.02)*
0.17 (0.35)
0.25 (0.45)
0.01 (0.22)
0.08 (0.03)**
0.92 (0.05)***
0.161
0.007
0.128

—0.35 (0.86)***
—0.00 (0.23)
—-0.00 (0.01)
-0.00 (0.19)
0.00 (0.25)
-0.00 (0.13)

0.00 (0.01)
0.50 (0.02)***
0.065
0.000
0.065

=511 (191
—-0.02 (0.02
—-0.02 (0.02
-0.08 (0.41
0.97 (0.63)
—0.25 (0.25)
0.54 (0.03)***
0.42 (0.05)***
0.209
0.107
0.036

—2.24 (2.64)
0.43 (0.78)
—0.09 (0.03)**
—0.80 (0.59)
0.09 (0.75)
—0.45 (0.40)
0.21 (0.05)***
1.13 (0.09)***
0.243
0.019
0.155

—3.09 (2.44)
—0.17 (0.64)
—-0.05 (0.02)*
0.05(0.52)
—0.35 (0.70)
—0.18 (0.36)
0.20 (0.04)***
0.84 (0.07)***
0.147
0.018
0.099

1.22 (2.62)
—0.05 (0.03)
—-0.05(0.32)
—0.39 (0.56)
—-0.20 (0.87)
—-0.21 (0.33)

0.63 (0.04)***
0.44 (0.07)***
0.221
0.128
0.023

0.256 (3.95)
0.48 (1.17)
—0.08 (0.05)
—1.51(0.88)
-0.36 (1.13)
—0.07 (0.60)
0.38 (0.08)***
1.18 (0.13)***
0.235
0.040
0.127

8.81 (3.64)*
—0.34 (0.95)
-0.07 (0.03)*
—0.93 (0.78)
—1.84 (1.05)
—-0.75 (0.53)
0.35 (0.06)***
0.63 (0.10)***
0.176
0.042
0.057
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Fig. 3 Quantile process plots of depression, anxiety and stress scores across three waves depicting different strengths of association in the

25%, 50% and 75% outcome quantiles.

media misinformation of exaggerated Omicron symptoms were
reported abroad, including between Shanghai residents who had
just experienced an Omicron outbreak in early 2022, suggesting
that coexisting with COVID-19 normalises infection experiences
and thus mitigates pandemic fears.®® Under Wave 2, the
concurrence of extreme fears of COVID-19 and severe negative
emotional well-being of respondents (Fig. 2) may denote
irrationally negative reactions towards PHSM relaxations in
anticipation of an identical resurgence of the Omicron variant in
China, or from perceiving an elevated risk of living-with-COVID
policies under the Omicron strain. Hence, pandemic fear may have
had a pervasive effect on individuals through its interaction with
policy uncertainties or disagreement when kept under an
elimination policy, affecting emotional well-being more intensively
when disengaging PHSMs.'#474°

Winding down from the initial relaxation wave, declining cases
and low policy stringency characterised the gap between this and
the full relaxation wave, which may have contributed to the loss in
effect of extreme fear of COVID-19 on emotional well-being. Our
quantile regression model fit had diminished from Waves 1 and 2
for the 25% and 50% quantiles, which could be because of milder
reported depression, anxiety and stress symptoms becoming
dissociated from a ubiquitous direct relationship with policy-
related pandemic fatigue and pandemic fear, and rather the post-
pandemic aftereffects of socioeconomic problems, such as financial
worries or long-term psychological effects of social distancing,
serving as stronger indicators under the post-pandemic setting.>*
For instance, younger respondents have been disproportionately at
risk of some negative emotional well-being outcomes during all
three waves. Regardless of waning anti-epidemic measures, young
adults under academic settings may have experienced a myriad of
challenges handling post-pandemic uncertainty in their futures,
compounded with socioeconomic worries and negative mental
health symptoms over disruptions to their future career plans.’!>*
Emotional well-being may be exacerbated by apprehensive
pandemic fears of this final policy shift as well, given that a lower
intolerance to uncertainty has been linked with younger ages.>*
Implicitly, a slew of unintended effects remains from departing
from the zero-COVID strategy. Continued mask wearing in public
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spaces underscores the cautious attitude towards the policy shift
dissolving the mask mandate,”® in which many Hong Kong people
ascribed mask habits as personal choice and a community-led
initiative to combat the pandemic.!®*® Pandemic fear has been
associated with long-term post-pandemic repercussions for
emotional well-being, primarily manifested through an intolerance
of uncertainty of future events, which low confidence in
government policies reinforces, and may manifest as psychological
symptoms of worry tendencies and diminished sleep quality, even
in the absence of new outbreaks.””

Strengths and limitations

Our research provides a novel analysis of pandemic fatigue,
bridging and incorporating the role of anti-epidemic policy
measures as per the extended definition outlined by the World
Health Organization (WHO),® which to our knowledge had rarely
been integrated as the main focus of current pandemic literature.
We achieved this by operationalising ‘pandemic fatigue’ as policy-
specific burnout, opting to measure pandemic fatigue using the
CV-19 BFS.?®> We also elucidated the cost of the dynamic zero-
COVID policy on emotional well-being, highlighting the predictive
power of pandemic fatigue compared to pandemic fear, and
demonstrated several uses of interpreting the Policy Stringency
Index, especially in the absence of measurements for policy-specific
pandemic fatigue. Other strengths include the repeated inves-
tigations over three waves capturing the key policy shifts from
pandemic peak to living with COVID in the zero-COVID policy
context, and the use of validated scales. However, to collect data in
response to the unforeseen policy shifts under short time frames, we
adopted a convenience and snowball sampling questionnaire design
approach primarily through social media, which has given rise to
several limitations, such as an unrepresentative sample of younger,
active social media users during outbreaks and self-selection bias,
limiting the generalisation of the findings. For example, whilst our
findings suggest younger age was a risk factor, this direction of
effect cannot be generalised to the elderly population (>65) who
were most at risk of COVID-19 fatality but excluded from the scope
of our data analysis. Baseline levels of emotional well-being before
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the effects of new policy measures were unaccounted for, and our
sample had not been screened for prior histories of mental health
disorders, which may have inflated correlations in higher quantiles
of depression, anxiety and stress, or extreme pandemic fears.
Moreover, our Wave 2 survey completion rate of 45.7% lagged
behind those of Waves 1 and 3, giving rise to potential non-
response bias. Collecting self-report data on divisive topics, that is,
sentiments towards government policies and vaccination, also
poses a risk of social desirability bias. Furthermore, we cannot infer
whether policy shift effects on emotional well-being had any long-
term effects. Future studies will benefit from a longitudinal design
with a representative sample to estimate causal effects of significant
events in pandemic, such as policy shifts or new outbreaks.

Policymakers must recognise pandemic fatigue as a hurdle that
should be addressed before - not resolved after — policy relaxations.
Exemplary public health success with the zero-COVID strategy had
the side-effect of rampant vaccine hesitancy, which may become
highly resilient under pandemic fatigue.!> Thus, policy interven-
tions should tackle pandemic fatigue quickly, such as an early
implementation of the Vaccine Pass Initiative that could offer less
stringent measures to vaccinated individuals to alleviate the
depression, anxiety and stress symptoms of the working-age
population and motivate greater vaccine acceptance. Enhancing
public communication of the intentions of policy shifts, such as
providing a roadmap, could help safeguard emotional well-being
from the pandemic fears, bolstered by policy uncertainty and
potential COVID-19 misinformation. Greater policy transparency
can alleviate psychological impacts of the pandemic without
jeopardising the protective factor of anti-epidemic measures.
Meanwhile, the outcome-oriented justification of policy shift
decisions were insufficient in rectifying the short-term negative
emotional well-being effects as found in our study. Overall, greater
attentiveness towards assessing psychological costs of pandemic
policies could be accomplished by monitoring pandemic fatigue
from policy adherence, pandemic fear and policy stringency, which
may have further protracted use as predictors of the prevalence of
long-term, post-pandemic symptoms.>’
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