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Daily routine disruptions and psychiatric G

symptoms amid COVID-19: a systematic review
and meta-analysis of data from 0.9 million
individuals in 32 countries

Huinan Liu'?", Tiffany Junchen Tao'", Selina Kit Yi Chan', Jeremy Chi Him Ma', Abby Yan Tung Lau',
Ernest Tsun Fung Yeung', Stevan E. Hobfoll* and Wai Kai Hou'"

Abstract

Background There is currently a deficit of knowledge about how to define, quantify, and measure different aspects
of daily routine disruptions amid large-scale disasters like COVID-19, and which psychiatric symptoms were more
related to the disruptions. This study aims to conduct a systematic review and meta-analysis on the probable posi-
tive associations between daily routine disruptions and mental disorders amid the COVID-19 pandemic and factors
that moderated the associations.

Methods PsycINFO, Web of Science, PubMed, and MEDLINE were systematically searched up to April 2023 (PROS-
PERO: CRD42023356846). Independent variables included regularity, change in frequency, and change in capability
of different daily routines (i.e., physical activity, diet, sleep, social activities, leisure activities, work and studies, home
activities, smoking, alcohol, combined multiple routines, unspecified generic routines). Dependent variables included
symptoms and/or diagnoses of mental disorders (i.e., depression, anxiety, post-traumatic stress disorder, and general
psychological distress).

Results Fifty-three eligible studies (51 independent samples, 910,503 respondents) were conducted in five conti-
nents. Daily routine disruptions were positively associated with depressive symptoms (r=0.13, 95% Cl=[0.06; 0.20],
p<0.001), anxiety symptoms (r=0.12, 95% Cl=[0.06; 0.17], p<0.001), and general psychological distress (r=0.09,

95% Cl=[0.02; 0.16], p=0.02). The routine-symptom associations were significant for physical activity, eating, sleep,
and smoking (i.e, type), routines that were defined and assessed on regularity and change in capability (i.e., defini-
tion and assessment), and routines that were not internet-based. While the positive associations remained consistent
across different sociodemographics, they were stronger in geo-temporal contexts with greater pandemic severity,
lower governmental economic support, and when the routine-symptom link was examined prospectively.

Conclusions This is one of the first meta-analytic evidence to show the positive association between daily rou-
tine disruptions and symptoms of mental disorders among large populations as COVID-19 dynamically unfolded

"Huinan Liu and Tiffany Junchen Tao contributed equally to this work.

*Correspondence:

Wai Kai Hou

wkhou@eduhk.hk

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0003-1402-2318
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-024-03253-x&domain=pdf

Liu et al. BMC Medicine (2024) 22:49

Page 2 of 17

across different geo-temporal contexts. Our findings highlight the priority of behavioral adjustment for enhancing
population mental health in future large-scale disasters like COVID-19.

Keywords Daily routines, Mental disorders, Social and environmental determinants, COVID-19, Large-scale disasters

Background

Decades of converging evidence has revealed how the
etiology of mood disorders is attributable to biologi-
cal underpinnings of social rhythm dysregulations [1]
and how family routines provide an environment that is
conducive to individual members’ positive psychosocial
adjustment [2]. However, it was not until the outbreak
of the unprecedented COVID-19 pandemic that daily
routine disruptions were widely recognized as an impor-
tant, universal determinant of poorer population mental
health [3, 4]. Under the prevailing global impact of the
pandemic and associated infection control rules, many
studies have investigated the extent to which disruptions
to daily routines could be positively related to mood dis-
orders or their subclinical symptoms, suggesting daily
routine disruptions as a tipping point for mental disor-
ders [3, 4].

There is currently a deficit of knowledge about how
to define, quantify, and measure different aspects of
daily routine disruptions amid large-scale disasters like
COVID-19, not to mention which psychiatric symp-
toms were more related to the disruptions. In addition,
a growing body of research has suggested the social
determinants of the intimate associations of COVID-19
infection, social distancing, and lockdown with disrupted
daily routines and heightened psychiatric symptoms.
Individuals with lower levels of or lower access to socio-
economic resources were more likely to experience dis-
ruptions in their daily routines or practice unhealthy
behaviors, which were positively related to higher levels
of psychological distress or psychiatric symptoms [5-9].

Little is known about whether and how the associations
of routine disruptions with mental disorders differ across
types and contexts. A handful of systematic reviews and
meta-analyses have summarized the associations of men-
tal health with specific daily activities, including physical
activity [10, 11], dietary behaviors [12], sleep [13], social
media use [13], social isolation [14], and working from
home [15]. Because the global impact of COVID-19 was
present over an unprecedented extended period of time
while pandemic severity and infection control rules var-
ied drastically across regions, there is a need to identify
the spatiotemporal factors that impact the associations
between daily routine disruptions and symptoms/diag-
nosis of mental disorders.

This study aims to conduct a systematic review and
quantitative synthesis of how different aspects of

routines as disrupted by COVID-19 could be related to
symptoms and/or diagnoses of common mental disor-
ders. We also sought to examine how the routine-symp-
tom associations could vary across different populations,
contexts, time periods, geographic locations, pandemic
severity, pandemic policy responses, and study designs.
We tested the following two hypotheses based on the
central assumptions of the Social Zeitgeber Model, Drive
to Thrive (DTT) theory, and the Family Routines Frame-
work [1, 2, 16] that routine disruptions relate to higher
psychiatric symptoms:

Hypothesis 1. Disruptions to daily routines will be
positively associated with psychiatric symptoms.
Hypothesis 2. The positive associations between rou-
tine disruptions and psychiatric symptoms will be
moderated by various factors, including types and
definitions/assessments of routines, types of men-
tal disorders, sociodemographics, spatiotemporal
dimensions of COVID-19, and study designs.

Methods

Search strategy and selection criteria

This systemic review and meta-analysis followed Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guidelines [17] and was originally
registered in PROSPERO (CRD42023356846). Four data-
bases (e.g., MEDLINE, PubMed, PsycINFO, and Web of
Science) were searched for primary studies from incep-
tion up to April 6th 2023, using a combination of three
categories of keywords: COVID-19, mental health, and
daily routines. Supplementary Material 1 outlines the
detailed search strategies.

Inclusion criteria were (1) empirical studies conducted
during the COVID-19 pandemic; (2) studies using quan-
titative self-report of daily activities in terms of regular-
ity, change in frequency, or change in capability since
COVID-19; and (3) studies using at least one psycho-
metrically validated quantitative measure of mental dis-
orders (i.e., symptoms and/or diagnoses). Studies were
excluded if (1) any one or more of the three key compo-
nents, namely COVID-19, daily routines, and psychiatric
symptoms/diagnosis, were absent; (2) effect size was not
reported; (3) symptoms/diagnoses of mental disorders
were not assessed using validated psychometric instru-
ments; or (4) the findings were not published in English
peer-reviewed journals. All stages of data extraction were
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checked to ensure accuracy and agreed upon by HL, TJT,
and WKH. To begin with, titles and abstracts were inde-
pendently screened by a group of four reviewers (SKYC,
AYTL, JCHM, ETFY). Studies with inconsistent assess-
ment of their eligibility were retained for the next stage
of screening. For the second stage, four independent
reviewers/authors (HL, TJT, SKYC, WKH) were involved
in the data extraction process. Eligibility of each included
article was double-checked by a second reviewer from
the four in the second stage [18]. Any disagreements
were resolved through discussion and reiteration of the
extraction among the authors.

Data extraction and quantitative synthesis on the effect
sizes

The following data were extracted from eligible studies by
independent reviewers (): sociodemographics (i.e., sam-
ple size, age, gender, marital status, education, employ-
ment, country of origin, and physical comorbidity),
study design (i.e., cross-sectional vs. prospective design,
durations of prospective follow-ups), COVID-19-related
variables (i.e., number of months since COVID-19 break,
COVID-19 monthly cumulative incidences per million,
COVID-19 monthly cumulative deaths per million, and
four COVID-19 policy indices defined by the Oxford
Covid-19 Government Response Tracker (OxCGRT))
[19]. Information on the monthly cumulative incidences/
deaths per million was extracted from official websites,
while four COVID-19 policy indices were extracted
from Oxford Covid-19 Government Response Tracker
(OxCGRT; [19]). The four indices included COVID-19
government response index (i.e., strength of lockdown,
health, and economic support policies), COVID-19 con-
tainment and health index (i.e., strength of lockdown
and health policies), COVID-19 stringency index (i.e.,
strength of lockdown policies), and COVID-19 economic
support index (i.e., strength of economic support poli-
cies). We also considered characteristics of daily routines
(i.e., type, definition, and assessment; internet-based or
not; validated measurement or not), and type of symp-
toms and/or diagnoses of mental disorders (i.e., depres-
sion, anxiety, post-traumatic stress disorder (PTSD),
and general psychological distress). Type of routines
included physical activity, eating, sleep, social activities,
leisure activities, work/studies, and home activities [16,
20]. Other routines were categorized as either combined
multiple routines (i.e., more than one type of routines) or
unspecified generic routines (i.e., no further information
on types). Definition of routines referred to regularity,
change in frequency, and change in capability. Routine
disruptions were reflected by high scores of changes in
regularity, frequency, or capability, which were expected
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to lead to more psychiatric symptoms. The detailed cod-
ing sheet is shown in Supplementary Material 2.

Pearson product-moment correlation coefficient (r)
was used as the effect size metric of interest to indicate
the zero-order associations between daily routine dis-
ruptions and mental disorders. Other formats of effect
sizes such as un/standardized regression coefficients, odd
ratios, and x> were converted into correlations using the
formula summarized in Supplementary Material 3. To
address the issue of effect size dependency, effect sizes
were averaged if (1) the original paper analyzed multi-
ple levels of the same routine, or (2) multiple effect sizes
were reported for the same type of routine with the same
characteristics (i.e., definition, internet-related or not,
and assessment method). To pool the effect sizes, corre-
lation coefficients were then transformed into normally
distributed Fisher’s Zr to adjust for skewed distribu-
tions. Random effect models were used to test the study
hypotheses unless otherwise stated. All computations
were performed in the R platform using metafor package
[21, 22].

Quality assessment and publication bias

The 20-item AXIS tool was used to assess study quality
on three dimensions: quality of reporting, quality of study
design, and possible introduction of bias [23]. Total and
the three subscale scores were calculated for each study,
with high scores indicating better quality (Supplemen-
tary Material 4). Publication bias was visualized by fun-
nel plots and then examined by Egger’s regression test for
funnel plot asymmetry and corrected by the Duval and
Tweedy trim-and-fill method. Failsafe-N test was con-
ducted to determine the number of missing studies that
would turn the pooled effect size insignificant.

Subgroup analysis

Q-tests in subgroup analysis and meta-regression were
performed to test potential categorical and continu-
ous moderators, respectively: characteristics of rou-
tines (type of routines, definition and assessment of
routines, internet-based or not, validated measure(s)
or not), type of psychiatric symptoms, population
characteristics (i.e., country-level income, percent-
age of females, percentage of secondary education or
below, percentage of non-married statuses, percentage
of non-employed statuses, percentage of ICD-defined
physical comorbidity), contextual and spatiotempo-
ral features of COVID-19 (i.e., continent, number
of months since COVID-19 outbreak, COVID-19
monthly incidences per million, COVID-19 monthly
deaths per million, COVID-19 government response
index, COVID-19 containment and health index,
COVID-19 stringency index, COVID-19 economic
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support index), and study design (i.e., total scores on
AXIS, cross-sectional or prospective associations
between routines and outcomes, follow-up duration
(months) for prospective studies).

Results

Included studies

Figure 1 shows the PRISMA flowchart elaborating
on the detailed selection process. The present review
included 53 eligible articles from 51 independent sam-
ples of 910,503 respondents from 32 regions across five
continents: 24 studies in Asia (China, Hong Kong SAR,
Japan, Jordan, Pakistan, Saudi Arabia, Singapore, and
South Korea); 20 in Europe (Belgium, France, Germany,
Greece, Ireland, Italy, Norway, Poland, Spain, Sweden,
Turkey, and UK); three in North American (USA); two
in South America (Chile and Colombia); and one in
Oceania (Australia). Data were collected from the acute
phase of COVID-19 to 2.5 years after the initial outbreak
(i.e., mid-2022). Across the entire study period, COVID-
19 monthly incidence (per million) ranged from 0.98
to 58,642.57 (M=3670.40, SD=9981.34), COVID-19
monthly death (per million) ranged from 0 to 571.470
(M=56.51, SD=112.85), and COVID-19 government
response index (on a scale of 0-100) ranged from 36.980
to 81.770 (M=64.112, SD=9.718). Supplementary
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Material 5 summarizes the bibliographical referencing
and descriptive information of all included studies [16,
20, 24-78].

Table 1 illustrates the descriptive statistics of the 53 eli-
gible studies. Respondents aged between 13 and 71 years
(M=39.75, SD=16.23). The proportion of females
ranged from 42-100%, and respondents with second-
ary education or below ranged from 0 to 100%. About
5-98% were non-married (i.e., proportion of sample
that were not married or in stable relationship), 0-93%
non-employed (i.e., proportion of sample that were not
employed), and 20-100% with at least one ICD-defined
physical comorbidity. Most studies (84.31%) were con-
ducted in high-income countries.

Psychiatric symptoms included depressive symptoms
(66.67%), anxiety symptoms (47.06%), PTSD symp-
toms (7.84%), depressive and anxiety symptoms (7.84%),
and general psychological distress (23.53%). Types of
routines included unspecified generic routines (31.37%),
physical activity (23.53%), sleep (21.57%), social activi-
ties (21.57%, including both offline and online interaction
with family, friends, neighbor, and health professionals),
work/study (17.65%), leisure activities (15.69%, includ-
ing screen time, personal care, going out, and interests),
combined multiple routines (15.69%), home activities
(13.73%, including childcare, elder care, household activi-
ties, personal hygiene, and tidiness), eating (9.80%),

18441 records identified by database search
6368 from MEDLINE

Up to 04/06/2023

6830 from PubMed
2306 from PsycINFO
2937 from Web of Sciences

| 7902 duplicates excluded

v

10539 records screened at title and abstract level

| 9711 records excluded

A

828 full-text articles assessed for eligibility

775 excluded

1 was not related to COVID-19

292 did not measure daily routine

241 did not measure mental health outcome
181 were not quantitative studies

25 did not have full-text article

24 were not written in English

11 were not peer-reviewed journal article

v

53 studies included in quantitative synthesis
(meta-analysis)

Fig. 1 PRISMA flowchart
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Table 1 Descriptive statistics of 53 included studies (51 independent samples)
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Characteristics

Samples with characteristics, No. (%)

Population demographics
Sample size, mean (SD) [range]
Mean age, mean (SD) [range] (9 samples “No report”)
Age range (30 samples “No report”)
Proportion (%) of respondents with particular demographic characteristics, mean (SD) [range]
Non-male
Without tertiary education (21 samples “No report”)
Non-married (30 samples “No report”)
Non-employed (25 samples “No report”)
|ICD-defined physical comorbidity (42 samples “No report”)
Country-level income
High
Middle
Coronavirus-2019 contextual and spatiotemporal features
Continent
Asia
Europe
Africa
North America
South America
Oceania
Multiple continents
Number of months since COVID-19 outbreak, mean (SD) [rangel® (4 samples “No report”)
COVID-19 monthly incidence (per million), mean (SD) [range]® (6 samples “Data not retrievable”)
High
Low
COVID-19 monthly death (per million), mean (SD) [range]® (6 samples “Data not retrievable”)
High
Low
COVID-19 government response index, mean (SD) [range]® (6 samples “Data not retrievable”)
High
Low
COVID-19 containment and health index, mean (SD) [range]b (6 samples “Data not retrievable”)
High
Low
COVID-19 stringency index, mean (SD) [range]b (6 samples “Data not retrievable”)
High
Low
COVID-19 economic support index, mean (SD) [range]b (6 samples “Data not retrievable”)
High
Low
Psychiatric symptoms
Depressive symptoms
Anxiety symptoms
Post-traumatic stress disorder (PTSD) symptoms
Depressive and anxiety symptoms
General psychological distress®

17,853.00 (61,618.38) [40-379, 875]
39.75(16.23) [13.29-71.03]
10-99

65.00 (15.38) [42.06-100]
5(34.27) [0-100]
44.47 (17.95) [4.98-98.32]

37.87 (27.95) [0-93.26]
74 (22.79) [19.66-100]

43 (84.31%)
8 (15.69%)

24 (47.06%)

20 (39.22%)

0 (0.00%)

3 (5.88%)

2 (3.92%)

1(1.96%)

1(1.96%)

10.11 (6.85) [3-29]

3,670.40 (9,981.34) [0.984-58,642.574]
22 (41.51%)

22 (41.51%)

56.51 (112.85) [0-571.470]

22 (41.51%)

22 (41.51%)

64.112(9.718) [36.980-81.770]

22 (41.51%)
22 (41.51%)
62.798 (10.123) [36.907-84.520]
22 (41.51%)

22 (41.51%)

65.087 (15.590) [35.190-90.396]
22 (41.51%)

22 (41.51%)

73.305 (26.480) [8.333-100]

22 (41.51%)

22 (41.51%)

34 (66.67%)
24 (47.06%)
4 (7.84%)
4 (7.84%)
12 (23.53%)
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Table 1 (continued)
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Characteristics

Samples with characteristics, No. (%)

Daily routine disruptions
Category?
Primary routines
Secondary routines
Type
Physical activity
Eating
Sleep
Social activities
Leisure activities
Work/Study
Home activities
Smoking
Alcohol
Combined multiple routines
Unspecified generic routines
Definition
Regularity
Frequency change
Capability change
Internet-related or not
No
Yes
Assessment method
Validated scale
Non-validated scale
Study feature
Study quality, mean (SD) [range] (Based on 50 studies)
Observational or experimental design
Observational
Experimental
Cross-sectional or prospective design
Cross-sectional
Prospective
Follow-up duration (weeks), mean (SD) [range] (1 sample “No report”)

19 (37.25%)
25 (49.02%)

12 (23.53%)
5(9.80%)
11(21.57%)
11 (21.57%)
8 (15.69%)
9 (17.65%)
7 (13.73%)
2(3.92%)
3(5.88%)

8 (15.69%)
16 (31.37%)

24 (47.06%)
22 (43.14%)
10 (19.61%)

51 (100.00%)
8 (15.69%)

17 (33.33%)
36 (70.59%)

14.75 (1.82) [9-18]

51 (100.00%)
0 (0.00%)

48 (94.12%)
4 (7.84%)
7(3.74) [3-12]

The detailed information of individual studies is available in Supplementary Material 5

One sample had both cross-sectional and prospective effect sizes [30]. One sample had both high- and middle-income countries [42]

2The unit is monthly cumulative per million individuals. Information was extracted from official websites.“High” and “Low” categories were generated based on median split

b The unit is monthly average score. Information was extracted from Oxford Covid-19 Government Response Tracker (OXCGRT; [19]). “High” and “Low” categories were

generated based on median split

““General psychological distress” included distress (e.g., “Kessler Psychological Distress Scale—6 (K6)") and stress (e.g., “Depression Anxiety Stress Scale-21 (DASS-21)

Stress Subscale”)

d Primary routines included eating, sleep, and home activities; Secondary routines included physical activity, leisure activities, social activities, and work/studies [16, 20]

alcohol (5.88%), and smoking (3.92%). Most were meas-
ured using non-validated measures (70.59%). A total of
47.06% defined and assessed routines as regularity, 43.14%
as change in frequency, and 19.61% as change in capability.
About 10% of the routines were internet-based. Most stud-
ies adopted cross-sectional design (94.12%). The average
score of study quality was 14.75 (SD=1.82).

Associations between daily routine disruptions and mental
disorders

Overall, the positive association between daily routine
disruptions in aggregate and mental disorders was sig-
nificant (r=0.11, 95% CI=[0.07; 0.14], p<0.001). Pooled
effect sizes suggested that routine disruptions were sig-
nificantly positively associated with depressive symptoms



Liu et al. BMC Medicine (2024) 22:49

(r=0.13, 95% CI=[0.06; 0.20], p<0.001), anxiety symp-
toms (r=0.12, 95% CI=[0.06; 0.17], p<0.001), and
general psychological distress (r=0.09, 95% CI=[0.02;
0.16], p=0.02). Routine disruptions were not associated
with PTSD symptoms (r=0.03, 95% CI=[-0.09; 0.15],
p=0.56) and combined depressive and anxiety symp-
toms (r=0.01, 95% CI=[-0.01; 0.02], p=0.38). Pooled
effect sizes of the associations between daily routine dis-
ruptions and psychiatric symptoms are summarized in
Table 2. Forest plots showing effect sizes from individual
studies are listed in Supplementary Material 6.

Risk of publication bias is visualized in funnel plots
(Supplementary Material 7). Publication bias was
detected between routine disruptions and anxiety
symptoms (Egger’s regression intercept= —4.45, 95%
Cl=[-7.34,—1.74], t=—3.18, p<0.01), PTSD symp-
toms (Egger’s regression intercept =16.93, 95% CI=[2.96,
30.90], t=2.38, p=0.04), and combined depressive and
anxiety symptoms (Egger’s regression intercept=0.59,
95% CI=1[0.20, 0.97], t=3.00, p=0.04). Results were con-
sistent after adjusting for the publication bias. Full results
of publication bias statistics are summarized in Supple-
mentary Material 8.

Moderator analysis

The effect sizes between routine disruptions and psy-
chiatric symptoms were significant for physical activity
(r=0.06, p<0.01), sleep (r=0.10, p=0.03), unspecified
generic routines (r=0.26, p<0.001), and combined mul-
tiple routines (r=0.21, p<0.01) and marginally signifi-
cant for eating (r=0.11, p=0.05) and smoking (r=0.05,
p=0.05). Effect sizes were not significant for leisure
activities, social activities, work/study, home activities,
and alcohol (ps>0.15). The association was compara-
ble between primary and secondary routines (Q=1.03,
p=0.31). Routine-symptom associations were significant
when daily routine disruptions were defined and assessed
as regularity (r=0.22, p<0.001) and change in capability
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(r=0.14, p<0.01) but not change in frequency (r=0.00,
p=0.83). Effect sizes were significant for disruptions to
non-internet-based routines (r=0.12, p <0.001; internet-
based: r=—0.05, p=0.09). The associations were inde-
pendent of whether the measures of daily routines were
validated or not (Q=1.02, p=0.31).

While the association remained significant independ-
ent of sociodemographics (e.g., gender, education level,
marital status, employment status, physical comorbid-
ity), it was stronger in geo-temporal contexts with more
COVID-19 monthly deaths (r=0.15, p <0.001) relative to
fewer deaths (r=0.06, p<0.001; Q=11.25, p<0.01), and
those with lower COVID-19 economic support index
(r=0.17, p<0.001) relative to higher index (r=0.06,
p<0.01; Q=14.01, p<0.001). Routine disruptions were
associated with higher psychiatric symptoms among
studies conducted in Asia (r=0.12, p<0.01), Europe
(r=0.11, p<0.001), and Oceania (r=0.03, p<0.001),
but not in North America (r=0.18, p=0.12) and South
America (r=-0.01, p=0.81), while the associations
were independent of country-level income (Q=2.00,
p=0.16). The associations between routine disrup-
tions and outcomes were stronger in prospective studies
(r=0.24, p<0.01) than in cross-sectional studies (r=0.10,
p<0.001; Q=6.67, p<0.01). Follow-up durations did not
moderate the routine-symptom associations (B=0.01,
p=0.17). The result showed that the associations were
not significantly different between the six studies
accounting for over 80% of total respondents and the
remaining 47 studies (Q=0.59, p=0.44). The results of
the moderator analyses are summarized in Table 3.

Discussion

This is a systematic review and meta-analysis of 53 stud-
ies (51 independent samples) among 910,503 respondents
from 32 countries/regions across five different conti-
nents, with data collections spanning through the acute
phase of COVID-19 to 2.5 years following the outbreak

Table 2 Pooled effect sizes of the association between daily routine disruptions (combined across types) and psychiatric symptoms

(53 studies, 51 independent samples)

Outcome k Pooled r[95% Cl] p (%) Q

Mental health (overall) 145 0.11[0.07;0.14] <0.001 99.9 246,941.59
Depressive symptoms 62 0.13[0.06; 0.20] <0.001 100.0 238,617.20
Anxiety symptoms 38 0.12[0.06; 0.17] <0.001 98.6 2715.86
Post-traumatic stress disorder (PTSD) symptoms 12 0.03 [-0.09; 0.15] 0.56 98.9 1010.73
Depressive and anxiety symptoms 6 0.01 [-0.01;0.02] 0.38 0 044
General psychological distress 27 0.09[0.02; 0.16] 0.02 98.3 1536.27
Definitions

k=Number of effect sizes. Bold texts indicate significant results. The detailed forest plots presenting effect sizes from individual studies are available in Supplementary

Material 6
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(i.e., mid-2022). We quantitatively synthesized and inves-
tigated the moderators of the associations between daily
routine disruptions and psychiatric symptoms. On top
of establishing the positive pooled associations between
disrupted daily routines and psychiatric symptoms, in
particular, depressive symptoms, anxiety symptoms, and
general psychological distress (Hypothesis 1), we further
found that the routine-symptom associations differed
across continents, monthly cumulative deaths, gov-
ernmental economic support, study design (i.e., cross-
sectional or prospective), and characteristics of routine
disruptions (i.e., type, definition, internet-based or not)
(Hypothesis 2). Summary figure of the present findings is
shown in Fig. 2.

Linking daily routines with psychiatric symptoms
The significant positive associations between disrupted
daily routine disruptions and psychiatric symptoms were
consistent with existing relevant frameworks, namely the
Social Zeitgeber Model [1], the Drive to Thrive (DTT)
theory [3, 16], and the Family Routines Framework [2].
The Social Zeitgeber Model [1] theorizes the critical
role of social cues in entraining circadian rhythm, with
its dysregulation responsible for psychopathology (e.g.,
bipolar disorders). More specifically, social zeitgebers
or time cues derived from the performance of sched-
uled daily activities (e.g., social contacts, meal/bedtimes,
work/studies, leisure activities) serve as referencing
anchors for biological rhythms (e.g., sleep—wake cycles).
The DTT theory [16] conceptualizes the nature of sus-
tained daily routines by drawing an analogy with “fabrics”
Sustainment of daily routines and the resulting regular
daily routines provide a behavioral context that is con-
ducive to psychological resilience in the face of different
trauma and chronic stress conditions. The Family Rou-
tines Framework [2] suggests that routines performed by
the whole family are a unit for adaptive family processes.
Family routines refer to certain activities involving two or
more family members, which are performed on a day-to-
day or week-to-week basis and thus in a repetitive man-
ner with predictable regularity. Family routines can be
seen as behavioral patterns of family life [79] that reflect
individual family members’ daily routines and associated
well-being in an organized and structured manner.
Previous studies have reported maladaptive behavioral
consequences of psychiatric disorders [80—82]. Depres-
sive disorders also consist of behavioral manifestations
such as reduced physical movement and increased/
decreased appetite leading to dietary changes [83]. The
DTT theory suggests that daily routines as a behavioral
mechanism per se are assessed in terms of regularity and
overall structures, whereas the behavioral consequences
of psychiatric disorders, i.e., maladaptiveness are defined

Page 8 of 17

and assessed as dysfunctions [3, 7]. It is important for
future studies to investigate how regularizing daily rou-
tines in the aid of mood disorders could reduce maladap-
tive behavioral byproducts of mood disorders.

We found that disrupted daily routines were selectively
associated with higher depressive symptoms, anxiety
symptoms, and general psychological distress, but not
PTSD symptoms. The results suggested that daily rou-
tines could have stronger links to mood disorders than
trauma-related disorders. It was argued that the most
common consequence of COVID-19 was chronic stress
reactions such as depressive and anxiety symptoms and
difficulties in adjusting to life stressors, instead of PTSD
symptoms that usually arise from life-threatening events
[84, 85]. It is important to note that analyses on the for-
mer three outcomes were based on more effect sizes;
therefore, the subgroup differences could reflect the
representativeness of depression, anxiety, and general
psychological distress as the most common outcomes
among all studies.

Conceptualizing and assessing daily routines

There has been a deficit of knowledge about the men-
tal health impact of daily activities before COVID-19.
One specific routine that has been heavily investigated
before COVID-19 was sleep [9, 80, 86]. Regularity in
sleep referred to consistent timings marking circadian
rhythms, such as overall sleep duration [80], wake time
after sleep [86], or perceived regular timings in sleep—
wake cycles [9]. Another well-studied routine was
physical activity [5, 87]. Most if not all previous stud-
ies investigated whether physical activity was done fre-
quently as a healthy lifestyle [5, 87]. These studies could
be seen as providing important empirical evidence for
the relevance of sleep and physical activity to psychiatric
symptoms, but the two daily routines were seldom evalu-
ated in conjunction with other important ones such as
chores, leisure, and socializing.

Among the different routines assessed in the current
study, we identified associations between disruptions to
specific routines and psychiatric symptoms (i.e., physi-
cal activity, eating, sleep, smoking, or combined multiple
routines/unspecified generic routines). These routines
were consistent with those proposed by lifestyle medi-
cine, denoting the evidence-based discipline of apply-
ing lifestyle behaviors to the prevention and treatment
of medical conditions (e.g., physical exercise, nutrition,
sleep health, responsible use of alcohol and substances)
[88]. Lifestyle medicine intervention was found to ame-
liorate symptoms of depression and anxiety [89, 90] and
promote health equity among vulnerable populations
who are more prone to lifestyle-based chronic diseases
[91]. It is also worth noting that symptoms of mental
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Table 3 Moderators of the associations between daily routine disruptions (combined across types) and psychiatric symptoms (53
studies, 51 independent samples)

Moderator Psychiatric symptoms
k Statistic type Statistic value [95% Cl] p
Psychiatric symptoms
Model 1 Psychiatric symptoms
Subgroup differences - Q-value 32.10 <0.001

Depressive symptoms 62 Pearson’s r 0.13[0.06; 0.20] <0.001
Anxiety symptoms 38 Pearson’s r 0.12[0.06;0.17] <0.001
Post-traumatic stress disorder (PTSD) symptoms 12 Pearson’s r 0.03 [-0.09; 0.15] 0.56
Depressive and anxiety symptoms 6 Pearson’s r 0.01 [-0.01;0.02] 0.38
General psychological distress? 27 Pearson’s r 0.09[0.02;0.16] 0.02

Daily routine disruptions
Model 2 Category®

Subgroup differences - Q-value 1.03 0.31
Primary routines 31 Pearson’s r 0.07 [0.01;0.14] 0.02
Secondary routines 75 Pearson’s r 0.04[0.01;0.07] 0.01

Model 3 Type

Subgroup differences - Q-value 3176 <0.001
Physical activity 19 Pearson's r 0.06 [0.03;0.10] <0.01
Eating 7 Pearson’s r 0.11 [-0.00;0.21] 0.05
Sleep 14 Pearson’s r 0.10[0.01;0.20] 0.03
Social activities 16 Pearson’s r 0.04 [-0.03;0.10] 0.27
Leisure activities 16 Pearson’s r 0.06 [-0.06;0.17] 0.29
Work/Study 15 Pearson’s r —0.03 [-0.09; 0.04] 0.41
Home activities 10 Pearson’s r 1[-0.13;0.15] 0.86
Smoking 4 Pearson’s r 0.05 [0.00; 0.09] 0.05
Alcohol 5 Pearson’s r 0.08 [-0.04;0.20] 0.15
Combined multiple routines 11 Pearson’s r 0.211[0.10;0.32] <0.01
Unspecified generic routines 28 Pearson’s r 0.26[0.13;0.38] <0.001

Model 4 Definition

Subgroup differences - Q-value 38.74 <0.001
Regularity 53 Pearson’s r 0.22 [0.15;0.29] <0.001
Frequency change 71 Pearson’s r 0.00 [-0.03;0.03] 0.83
Capability change 21 Pearson’s r 0.14[0.06; 0.22] <0.01

Model 5 Internet-related or not

Subgroup differences - Q-value 26.04 <0.001
No 131 Pearson’s r 0.12[0.08;0.16] <0.001
Yes 14 Pearson’s r —0.05[-0.11;0.01] 0.09

Model 6 Assessment method

Subgroup differences - Q-value 1.02 0.31
Non-validated scale 99 Pearson's r 0.12[0.07;0.17] <0.001
Validated scale 46 Pearson’s r 0.08 [0.05;0.12] <0.001

Population demographics
Model 7 Gender

Non-male [range: 42.06-100%] 145 Coefficient —0.00 [-0.00; 0.00] 0.20
Model 8 Education level
Without tertiary education [range 0-100%] 80 Coefficient 0.00 [-0.00; 0.00] 0.56

Model 9 Marital status
Non-married [range 4.98-98.32%] 53 Coefficient —0.00 [-0.01;0.00] 061
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Table 3 (continued)
Moderator Psychiatric symptoms
k Statistic type Statistic value [95% Cl] 7]
Model 10 Employment status
Non-employed [range 0-93.26%] 71 Coefficient 0.00 [-0.00; 0.00] 044
Model 11 Physical comorbidity
ICD-defined physical comorbidity [range 19.66—-100%)] 29 Coefficient —0.00 [-0.00; 0.00] 0.50
Model 12 Country-level income

Subgroup differences - Q-value 2.00 0.16
High 121 Pearson’s r 0.11[0.07;0.16] <0.001
Middle 24 Pearson’s r 0.07[0.01;0.12] 0.02

Coronavirus-2019 features
Model 13 Continent

Subgroup differences - Q-value 23.67 <0.001
Europe 62 Pearson’s r 0.11 [0.06; 0.16] <0.001
Asia 58 Pearson’s r 0.12[0.05;0.19] <0.01
Qceania 12 Pearson’s r 0.03[0.02;0.04] <0.001
South America 6 Pearson’s r —0.01[-0.14;0.11] 0.81
North America 5 Pearson’s r 0.18[-0.07;041] 0.12
Multiple countries 2 Pearson’s r 0.33[-0.87;0.97] 0.23

Model 14 Number of months since COVID-19 outbreak
Number of months since COVID-19 outbreak [range 3-29] 128 Coefficient —0.00 [-0.00; 0.00] 0.86
Model 15 COVID-19 monthly incidence?

Subgroup differences - Q-value 0.12 0.72
Low 68 Pearson’s r 0.11[0.07;0.15] <0.001
High 57 Pearson’s r 0.10[0.05; 0.15] <0.001

Model 16 COVID-19 monthly death®

Subgroup differences - Q-value 11.25 <0.001
Low 63 Pearson’s r 0.06 [0.03; 0.09] <0.001
High 62 Pearson’s r 0.15[0.10; 0.20] <0.001

Model 17 COVID-19 government response index?

Subgroup differences - Q-value 335 0.07
Low 68 Pearson’s r 0.13[0.09;0.17] <0.001
High 57 Pearson’s r 0.08 [0.04;0.12] <0.001

Model 18 COVID-19 containment and health index®

Subgroup differences - Q-value 0.29 0.59
Low 70 Pearson’s r 0.11[0.07;0.15] <0.001
High 55 Pearson’s r 0.10[0.06; 0.14] <0.001

Model 19 COVID-19 stringency index¢

Subgroup differences - Q-value 152 0.22
Low 60 Pearson’s r 0.12[0.08;0.17] <0.001
High 65 Pearson’s r 0.09 [0.05;0.13] <0.001

Model 20 COVID-19 economic support index?

Subgroup differences - Q-value 14.01 <0.001
Low 53 Pearson’s r 0.17[0.12;0.21] <0.001
High 72 Pearson’s r 0.06 [0.02;0.10] <0.01

Study features
Model 21 Study quality
Study quality [range 9-18] 145 Coefficient 0.01 [-0.01;0.03] 0.53
Model 22 Cross-sectional or prospective design
Subgroup differences - Q-value 6.67 <0.01
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Table 3 (continued)

Page 11 of 17

Moderator Psychiatric symptoms
k Statistic type Statistic value [95% Cl] 7]
Cross-sectional 140 Pearson’s r 0.10[0.07;0.14] <0.001
Prospective 5 Pearson’s r 0.24[0.10; 0.36] <0.01
Model 23 Follow-up duration
Follow-up duration after intervention (months) [range 3-12] 4 Coefficient 0.01 [-0.01;0.04] 017
Model 24 Sample size
Subgroup differences - Q-value 0.59 044
Large sample® (N=6) 15 Pearson’s r 0.19[-0.07;042] 014
Small sample (N=47) 130 Pearson’s r 0.10[0.07;0.13] <0.001

k=Number of effect sizes

2“General psychological distress” included distress (e.g., “Kessler Psychological Distress Scale-6 (K6)”) and stress (e.g., “Depression Anxiety Stress Scale-21 (DASS-21)

Stress Subscale”)

® Primary routines included eating, sleep, and home activities; Secondary routines included physical activity, leisure activities, social activities, and work/studies [16, 20]

“The unit is monthly cumulative per million individuals. Information was extracted from official websites. “High” and “Low” categories were generated based on

median split

9The unit is monthly average score. Information was extracted from Oxford Covid-19 Government Response Tracker (OXCGRT; [19]). “High” and “Low” categories were

generated based on median split

€ Big sample studies refer to the six studies which accounting for over 80% of total respondents, namely Lee & Chu [36], Lee et al. [38], Cho et al. [75], Hampshire et al.

[24], Sommerlad et al. [60], and Tondokoro et al. [66]
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Fig. 2 Summary figure of the present findings

disorders could be predicted by daily routines in aggre-
gate but not in isolation. For example, physical activity
could be reduced due to restricted social interactions
or the other way round [92], whereas work-from-home
could reduce physical activity and healthy eating, and
impair sleep quality [15]. The findings were consistent
with the theoretical proposition of the adaptive utility of
sustaining the structure of daily routines—disruptions to
one routine could relate to disruptions to others, whereas
sustainment of the regularity of each routine could con-
tribute to an adaptive overall structure that is conducive
to stress resilience [1, 7, 79]. The associations with psy-
chiatric symptoms also did not differ between primary
routines (i.e., behaviors necessary for maintaining liveli-
hood and biological needs) and secondary routines (i.e.,

activities reflecting individual circumstances, motiva-
tions, and preferences) [7, 93].

The current study, nonetheless, found that disrup-
tions to internet-based daily routines (10% of effect
sizes) of leisure and socializing were not associated
with symptoms of mental disorders. The eight studies
on the disruptions to internet-based routines and psy-
chiatric symptoms investigated online leisure activities
(N=12,925), online social activities (N=74,473), and
online study (N=397). The non-significant associations
were consistent with previous mixed findings on online
leisure activities and mental health, with both posi-
tive associations with psychological distress and anxiety
symptoms [44, 48] and inverse associations with anxiety
symptoms, depressive symptoms, PTSD symptoms, and
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psychological distress [41, 52, 69, 78]. Contrary to the
positive associations between disruptions to online social
activities and depressive symptoms [60, 78], Gémez-Baya
et al. reported inverse associations of the disruptions
with anxiety symptoms, depressive symptoms, and PTSD
symptoms among pregnant and postpartum women
during COVID-19 [78]. In addition, only one study has
investigated disruptions to study routine due to restricted
internet access among a small student sample (N=397) in
a specific sociocultural context of Pakistan [28]. The posi-
tive associations between internet-related study routine
disruptions and psychiatric symptoms need more solid
empirical evidence to support. The inconsistent associa-
tions between internet-related routines and psychiatric
symptoms actually resembled previous evidence in pre-
pandemic data. Screen time was found to have a non-
linear dose—response association with depression, with
a decreasing risk of depression at less than two hours
per day and an increasing risk of depression at more
screen time [94]. Another six-wave longitudinal study of
the reciprocal relationships between depressive symp-
toms and screen media use revealed no consistent sup-
port for the positive bidirectional associations [95]. Our
study supplemented previous evidence by demonstrating
internet use is a dynamic phenomenon during large-scale
disasters like the COVID-19 pandemic, during which
internet replaced some of our usual face-to-face daily
routines, such as socializing, leisure, and work. In evalu-
ating the mental health impact of online daily routines,
future studies might need to take into account relevant
factors such as job-related productivity and satisfaction
(i.e., online work)[96], age-related differences (i.e., online
socializing and leisure) [97], and generic factors such as
digital literacy [98]. Internet behaviors could have been
minimally affected by infection control rules [99, 100].
Digital technology has also been suggested to mitigate
lockdown emotional consequences such as loneliness
[99]. More studies should investigate how the internet
might aid everyday adjustment and mental health amid
large-scale disasters, such as incorporation of digital ele-
ments to facilitate the performance of daily routines and
how that in turn brings about positive mental health ben-
efits [101]. Valid and reliable assessment tools of online
behaviors pertinent to aspects of daily living other than
leisure and socializing are needed. In addition, this line
of work should be aware of the disparity of digital literacy
that might reduce the benefit of internet-based sustain-
ment of daily routines among individuals who are older,
are less educated, and have low income [102, 103].
Beyond routine types, we found a significant moder-
ating effect of the definition and assessment, significant
only for regularity and capability but not frequency.
The findings suggested that disruptions might be more
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important to refer to a stable pattern and/or percep-
tions of being capable of performing well more than
frequency. In addition, this meta-analysis only included
daily routines that reflected change/non-change since
COVID-19—regularity, change in frequency, and change
in capability, in order to address the aim of investigat-
ing the routine-symptom association amid COVID. The
current analysis could preclude preexisting patterns and
characteristics of daily routines that might reflect large
individual differences not directly related to the impact of
COVID-19 [104, 105].

Population characteristics

The current review of evidence under COVID-19 did not
support the moderating role of socioeconomic status in
the associations between daily routines and symptoms of
mental disorders. One explanation is that studies in the
current review did not assess the facets of socioeconomic
status relevant to both daily routine disruptions and
mental disorders. For example, assets (savings coupled
with property ownership) were inversely associated with
probable depression among a US population with racial/
ethnic disadvantage (Black and Hispanic persons) [106].
Under double stressors of civil unrest and the pandemic,
assets could buffer the more vulnerable population (with
lower socioeconomic statuses) from the mental health
consequences of the stressors [107]. In addition, financial
strain was found to relate to higher subsequent depres-
sive and anxiety symptoms through disrupted daily rou-
tines [108]. Sleep disturbance due to long working hours
was positively associated with depressive symptoms only
among those under high (vs. low) financial strain condi-
tions among 792 college students [109]. These findings
suggested the importance of considering novel dimen-
sions on the socioeconomic gradient in the routine-
symptom associations.

Spatiotemporal dimensions of COVID-19

The current meta-analysis quantitatively demonstrated
that the routine-symptom association was moderated
by not only study-wide factors extracted from included
studies but also geo-temporal manifestations. COVID-
19 and its infection control have been regarded as the
unprecedented global contextual factor that impacted
daily routines. Only one study has shown a prospective
association between improved clarity on daily goals/
tasks and decreased depressive symptoms among Wuhan
residents in response to the lift of the COVID-19-in-
duced lockdown policies [110]. This current meta-anal-
ysis examined different indicators of pandemic severity,
including country/region, duration of COVID-19, cumu-
lative incidences, and mortalities, as well as governmental
lockdown, health, and economic support responses. We
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found that the associations between daily routine disrup-
tions and symptoms of mental disorders were stronger
in contexts where COVID-19 was more severe, indi-
cated by a higher COVID-19-induced mortality count
cumulated over the past month in the specific country/
region. The routine-symptom association remained con-
sistent regardless of the strictness in containment (lock-
down) or health policies, but the association was stronger
with weaker governmental economic support to buffer
against the COVID-19 impact. First, routine disruptions
in itself were already sufficient to trigger mental health
consequences [3, 93], and this could be independent of
the extent to which people’s new normal was introduced
by external containment (lockdown) and health poli-
cies. Second, COVID-19 is a large-scale economic cri-
sis on top of a public health crisis [111], and the adverse
mental health impact of routine disruptions could have
been exacerbated by secondary economic shock. Taken
together with previous findings (e.g., socioeconomic sta-
tus, assets), this piece of result clarified that the protec-
tive importance of socioeconomic resources for mental
health during large-scale disasters like COVID-19 could
be more on a macro, governmental level instead of the
individual level.

Limitations

This study has some limitations. First, we pooled the
effect sizes despite potential conceptual and operational
heterogeneity across studies. Second, the number of
effect sizes was small for the associations between cer-
tain routines and certain mental health outcomes, which
could lead to power insufficiency. Third, included studies
were biased towards middle-and-high-income countries/
regions in Eurasia and therefore other countries/regions
could be underrepresented. Particularly, this could have
revealed a financial gap in data resources, as low-income
countries could have more pressing economic priorities
that limit the availability of mental health research, and
therefore the specific prevalence and course of mental
health conditions in these regions remain marginalized
or even absent from the existing literature. In the mean-
time, however, it is possible that low-income countries
experienced more substantial COVID-19 impact given
the challenges the disaster posed to their already dif-
ficult economic situations. Fourth, there was an imbal-
ance in sample size across studies with six (of all 53)
studies accounting for over 80% of total respondents.
The routine-symptom associations were significant in
the 47 studies with small sample size but not in the six
studies with large sample size. The insignificant results
could be attributable to non-validated measurements of
routines and psychiatric symptoms, but our subgroup
analysis ruled out the possibility of measurement error

Page 13 of 17

by showing that the associations between routine disrup-
tions and psychiatric symptoms did not differ between
validated and non-validated measurements of routines
[112]. The result showed that the associations between
routine disruptions and psychiatric symptoms were inde-
pendent of whether the measures were validated or not.
Therefore, we have ruled out the possibility of measure-
ment error [112]. Fifth, only four studies were available to
show the direction of associations from routines to men-
tal health but not the other way round, although we found
that the prospective analyses reported stronger effect size
than the cross-sectional analyses. Sixth, due to lockdown
and/or social distancing during COVID-19, all included
studies were conducted online. The findings may be con-
founding by the social desirability of self-report studies.
Seventh, the results on the associations between routine
disruptions and anxiety symptoms, PTSD symptoms,
and combined depressive and anxiety symptoms should
be interpreted with caution due to significant publication
bias, although it has been adjusted for in all analyses of
these outcomes.

Conclusions

Notwithstanding these limitations, the current meta-
analysis is one of the most comprehensive and up-to-
date systematic synthesis of the association between
daily routine disruptions and mental disorders among
910,503 respondents over 32 countries across five conti-
nents over 2.5-year period of COVID-19. Such evidence
could have potentially important implications for science
and practice due to the following reasons. First, because
the impact of the pandemic has profoundly permeated
people’s day-to-day living all round, the COVID-19 era
has directed to a blossom of studies that assessed vary-
ing aspects of daily activities. With the growing empiri-
cal evidence on daily routines and mood disorders in the
COVID-19 pandemic, there is an urgent need to concep-
tualize daily routines and standardize how they are best
assessed and quantified in adaptation to large-scale dis-
asters [107, 113]. The current study could benefit more
in-depth investigations on which aspects of daily routines
could point to cost-effective assessment and interven-
tion systems for mood disorders. Second, the robust-
ness of the associations between routine disruptions
and psychiatric symptoms were further demonstrated
by showing their sociodemographic invariance. We also
comprehensively clarified the concepts and assessments
of daily routines and teased out the type and nature of
the disruptions that accounted for symptoms of common
mental disorders. Larger societal and community con-
texts, such as disasters, political violence, social move-
ments, and negative qualities of neighborhoods (i.e.,
crime, dilapidation, and vagrancy) have been directly and
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indirectly related to negative everyday experiences and
poorer mental health [7, 114-116]. Third, COVID is a
global natural experiment of both large-scale economic
and public health crises [111, 117]. Larger societal and
community contexts, such as disasters, political violence,
social movements, and negative qualities of neighbor-
hoods (i.e., crime, dilapidation, and vagrancy) have been
directly and indirectly related to negative everyday expe-
riences and poorer mental health [7, 114-116]. The cur-
rent findings have provided a comprehensive evidence
base to guide optimal psychological adjustment amid
future large-scale disasters, especially those that could
bring prolonged rupture to day-to-day living.

Abbreviations

DTT Drive to Thrive theory

OxCGRT  Oxford Covid-19 Government Response Tracker

PRISMA  Preferred Reporting Items for Systematic Review and Meta-Analysis
PTSD Post-traumatic stress disorder

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-024-03253-x.

Additional file 1: Supplementary Material 1. Detailed search
algorithms.

Additional file 2: Supplementary Material 2. Coding sheet.

Additional file 3: Supplementary Material 3. Effect size conversion
formula.

Additional file 4: Supplementary Material 4. Critical appraisal in
individual studies.

Additional file 5: Supplementary Material 5. Descriptive details of
individual studies included in the meta-analysis (53 studies, 51 independ-
ent samples).

Additional file 6: Supplementary Material 6. Forest plot for effect sizes
of the association between daily routine disruptions (combined across
types) and psychiatric symptoms.

Additional file 7: Supplementary Material 7. Funnel plots.

Additional file 8: Supplementary Material 8. Publication bias statistics
(53 studies, 51 independent samples).

Acknowledgements
Not applicable.

Authors’ contributions

Authors TJT and HL contributed equally to this work. All authors read and
approved the final manuscript. TJT: Conceptualization, Methodology, Formal
Analysis, Investigation, Data Curation, Writing — Original Draft, Writing — Review &
Editing; HL: Conceptualization, Methodology, Formal Analysis, Investigation, Data
Curation, Writing — Original Draft, Writing — Review & Editing; SKYC: Investigation,
Writing — Review & Editing; JCHM: Investigation, Writing — Review & Editing; AYTL:
Investigation, Writing — Review & Editing; ETFY: Investigation, Writing — Review &
Editing; SEH: Conceptualization, Writing — Review & Editing; WKH: Conceptualiza-
tion, Methodology, Formal Analysis, Data Curation, Writing — Original Draft, Writ-
ing — Review & Editing, Supervision, Project Administration, Funding Acquisition.

Funding

This work was supported by the Research Grants Council, University Grants
Committee, Hong Kong SAR, China [grant number 18600320 (W.KH.)]. The
funding source had no role in any process of our study.

Page 14 of 17

Availability of data and materials
The datasets used and/or analyzed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

!Centre for Psychosocial Health, The Education University of Hong Kong, Hong
Kong SAR, China. 2Department of Special Education and Counselling, The
Education University of Hong Kong, Hong Kong SAR, China. >University of Cali-
fornia Irvine, Irvine, CA, USA. “STAR Consultants-STress, Anxiety and Resilience,
Salt Lake City, UT, USA. °Department of Psychology, The Education University
of Hong Kong, Tai Po NT, 10 Lo Ping Road, Hong Kong SAR, China.

Received: 30 August 2023 Accepted: 9 January 2024
Published online: 02 February 2024

References

1. Ehlers CL, Frank E, Kupfer DJ. Social zeitgebers and biological rhythms:
a unified approach to understanding the etiology of depression. Arch
Gen Psychiatry. 1988;45(10):948-52.

2. Boyce WT, Jensen EW, Cassel JC, Collier AM, Smith AH, Ramey CT. Influ-
ence of life events and family routines on childhood respiratory tract
iliness. Pediatrics. 1977,60(4):609-15.

3. Hou WK, Lai FTT, Ben-Ezra M, Goodwin R. Regularizing daily routines for
mental health during and after the COVID-19 pandemic. J Glob Health.
2020;10(2):020315.

4. World Health Organization. #HealthAtHome — Mental health. 2023.
Available from:https://www.who.int/campaigns/connecting-the-world-
to-combat-coronavirus/healthyathome/healthyathome---mental-
health. Accessed 31 July 2023.

5. Hallgren M, Lundin A, Vancampfort D, Stubbs B, Schuch F, Bellocco R,
et al. Prospective associations between physical activity and clinician
diagnosed major depressive disorder in adults: A 13-year cohort study.
Prev Med (Baltim). 2019;118:38-43.

6. Hobfoll SE. Stress, culture, and community: the psychology and phi-
losophy of stress. New York: Plenum Press; 1998.

7. Hou WK, Bonanno GA. Emotions in everyday life during social move-
ments: Prospective predictions of mental health. J Couns Psychol.
2018;65(1):120-31.

8. LaiFTT, Hall BJ, Liang L, Galea S, Hou WK. Socioeconomic determinants
of depression amid the anti-extradition bill protests in Hong Kong: the
mediating role of daily routine disruptions. J Epidemiol Community
Heal. 2020;74(12):988-94.

9. O'ConorR,Benavente JY,Kwasny MJ,EldeirawiK, Hasnain-WyniaR, Federman
AD, et al. Daily routine: Associations with health status and urgent health
care utilization among older adults. Gerontologist. 2019;59(5):947-55.

10.  Marconcin P, Werneck AO, Peralta M, Ihle A, Gouveia ER, Ferrari G, et al.
The association between physical activity and mental health during the
first year of the COVID-19 pandemic: a systematic review. BMC Public
Health. 2022;22(1):209.

1. Wolf S, Seiffer B, Zeibig J-M, Welkerling J, Brokmeier L, Atrott B, et al.

Is physical activity associated with less depression and anxiety dur-
ing the COVID-19 pandemic? A rapid systematic review. Sport Med.
2021;51(8):1771-83.

12. Burnatowska E, Surma S, Olszanecka-Glinianowicz M. Relationship
between mental health and emotional eating during the COVID-19
pandemic: A systematic review. Nutrients. 2022;14(19):3989.


https://doi.org/10.1186/s12916-024-03253-x
https://doi.org/10.1186/s12916-024-03253-x
https://www.who.int/campaigns/connecting-the-world-to-combat-coronavirus/healthyathome/healthyathome---mental-health
https://www.who.int/campaigns/connecting-the-world-to-combat-coronavirus/healthyathome/healthyathome---mental-health
https://www.who.int/campaigns/connecting-the-world-to-combat-coronavirus/healthyathome/healthyathome---mental-health

Liu et al. BMC Medicine

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

(2024) 22:49

Alonzo R, Hussain J, Stranges S, Anderson KK. Interplay between social
media use, sleep quality, and mental health in youth: A systematic
review. Sleep Med Rev. 2021,56:101414.

Loades ME, Chatburn E, Higson-Sweeney N, Reynolds S, Shafran R,
Brigden A, et al. Rapid systematic review: the impact of social isolation
and loneliness on the mental health of children and adolescents

in the context of COVID-19. J Am Acad Child Adolesc Psychiatry.
2020;59(11):1218-39.

Chirico F, Zaffina S, Di Prinzio RR, Giorgi G, Ferrari G, Capitanelli |, et al.
Working from home in the context of COVID-19: A systematic review
of physical and mental health effects on teleworkers. J Heal Soc Sci.
2021,6(3):319-32.

Hou WK, Hall BJ, Hobfoll SE. Drive to thrive: A theory of resilience fol-
lowing loss. In: Morina N, Nickerson A, editors. Mental health of refugee
and conflict-affected populations. Springer; 2018. p. 111-33.

Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G, et al.
Preferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement (Chinese edition). J Chinese Integr Med.
2009;7(9):889-96.

Stoll CRT, Izadi S, Fowler S, Green P, Suls J, Colditz GA. The value of a
second reviewer for study selection in systematxic reviews. Res Synth
Methods. 2019;10(4):539-45.

Hale T, Angrist N, Goldszmidt R, Kira B, Petherick A, Phillips T, et al. A
global panel database of pandemic policies (Oxford COVID-19 Govern-
ment Response Tracker). Nat Hum Behav. 2021;5(4):529-38.

Hou WK, Lai FTT, Hougen C, Hall BJ, Hobfoll SE. Measuring everyday
processes and mechanisms of stress resilience: Development and initial
validation of the sustainability of living inventory (SOLI). Psychol Assess.
2019;31(6):715-29.

R Core Team. R: a language and environment for statistical computing
[Computer software manual]. Vienna, Austria: R Core Team; 2018.
Viechtbauer W. Conducting meta-analyses in R with the metafor pack-
age. J Stat Softw. 2010,36:1-48.

Downes MJ, Brennan ML, Williams HC, Dean RS. Development of a criti-
cal appraisal tool to assess the quality of cross-sectional studies (AXIS).
BMJ Open. 2016;6(12):e011458.

Hampshire A, Hellyer PJ, Soreq E, Mehta MA, loannidis K, Trender W,

et al. Associations between dimensions of behaviour, personality traits,
and mental-health during the COVID-19 pandemic in the United King-
dom. Nat Commun. 2021;12(1):4111.

Heesen G, Heinemann S, Muller F, Dopfer-Jablonka A, Mikuteit M,
Niewolik J, et al. Social participation and mental health of immunocom-
promised individuals before and after COVID-19 vaccination—Results
of a longitudinal observational study over three time points. Front
Psychiatry. 2022;13:1080106.

Ho HCY, Chui OS, Chan YC. When pandemic interferes with work: Psy-
chological capital and mental health of social workers during COVID-
19. Soc Work. 2022,67(4):311-20.

Hou WK, Tong H, Liang L, Li TW, Liu H, Ben-Ezra M, et al. Probable
anxiety and components of psychological resilience amid COVID-19: A
population-based study. J Affect Disord. 2021;282:594-601.

Shaikh S, Wahab S, Ovais MH, Memon UAA, Anwar Z. Psychological
impact of COVID-19 Pandemic and associated factors on college
students. J Pak Med Assoc. 2022;72(10):2014-8.

Jang H-Y, KoY, Han S-Y. Factors Associated With Depressive Symptoms
in Individuals Who Have Experienced COVID-19 Self-Quarantine. Front
Public Heal. 2022;10:810475.

Kahawage P, Bullock B, Meyer D, Gottlieb J, Crowe M, Swartz HA, et al.
Social rhythm disruption is associated with greater depressive symp-
toms in people with mood disorders: findings from a multinational
online survey during COVID-19. Can J Psychiatry. 2022,67(11):832-41.
Kim S-W, Park I-H, Kim M, Park A-L, Jhon M, Kim J-W, et al. Risk and
protective factors of depression in the general population during the
COVID-19 epidemic in Korea. BMC Psychiatry. 2021;21(1):1-8.

Kornilaki EN. The psychological effect of COVID-19 quarantine on Greek
young adults: Risk factors and the protective role of daily routine and
altruism. Int J Psychol. 2022;57(1):33-42.

Kua Z, Hamzah F, Tan PT, Ong LJ, Tan B, Huang Z. Physical activity levels
and mental health burden of healthcare workers during COVID-19
lockdown. Stress Heal. 2022;38(1):171-9.

34.

35.

36.

37.

38.

39.

40.

41.

42

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Page 150f 17

Downes MJ, Brennan ML, Williams HC, Dean RS. Development of a criti-
cal appraisal tool to assess the quality of cross-sectional studies (AXIS).
BMJ Open. 2016,6(12):1-7.

Lai FTT, Chan VKY, Li TW, Li X, Hobfoll SE, Lee TM-C, et al. Disrupted

daily routines mediate the socioeconomic gradient of depression amid
public health crises: a repeated cross-sectional study. Aust New Zeal J
Psychiatry. 2021;56(10):1320-31.

Lee H, Chu HS. The effects of changes in daily life due to the COVID-19
pandemic on the depressive symptoms among community-dwelling
older adults in Korea. Int J Ment Health Nurs. 2022:31(4):974-84.

Li G, Liu H, Qiu C, Tang W. Fear of COVID-19, prolonged smartphone
use, sleep disturbances, and depression in the time of COVID-19: A
nation-wide survey. Front psychiatry. 2022;13:971800.

Lee S, Jeon'Y, Yoon M-S. Dual mediating effects of changes in daily life
and anxiety on the relationship between occupation and depres-

sion in Korea during the COVID-19 pandemic. BMC Public Health.
2022;22(1):1492.

LiTW, Liang L, Ho PL, Yeung ETF, Hobfoll SE, Hou WK. Coping resources
mediate the prospective associations between disrupted daily routines
and persistent psychiatric symptoms: A population-based cohort study.
J Psychiatr Res. 2022;152:260-8.

Lin P, Hillstrom K, Gottesman K, Jia Y, Kuo T, Robles B. Financial and
Other Life Stressors, Psychological Distress, and Food and Beverage
Consumption among Students Attending a Large California State Uni-
versity during the COVID-19 Pandemic. Int J Environ Res Public Health.
2023;20(4):3668.

Liu J, Zhou T, Yuan M, Ren H, Bian X, Coplan RJ. Daily routines, parent-
child conflict, and psychological maladjustment among Chinese chil-
dren and adolescents during the COVID-19 pandemic. J Fam Psychol.
2021;35(8):1077.

Lotzin A, Krause L, Acquarini E, Ajdukovic D, Anastassiou-Hadjicharalam-
bous X, Ardino V, et al. Risk and protective factors for posttraumatic
stress disorder in trauma-exposed individuals during the COVID-19
pandemic—findings from a pan-European study. Eur J Psychotraumatol.
2022;13(2):2138099.

Martinelli N, Gil S, Belletier C, Chevalére J, Dezecache G, Huguet P,

et al. Time and emotion during lockdown and the Covid-19 epidemic:
Determinants of our experience of time? Front Psychol. 2021;11:616169.
Matsuo M, Sesoko S, Kosa A, Noda S, Koura S, Miyabara H, et al.

Factors affecting the mental health of medical students during the
COVID-19 pandemic: A cross-sectional study. Medicine (Baltimore).
2022;101(47):231897.

The World Bank. World Bank country and lending groups. The World
Bank. Available from:https://datahelpdesk.worldbank.org/knowledgeb
ase/articles/906519-world-bank-country-and-lending-groups#:~:text=.
Accessed 31 July 2023.

McGoron L, Wargo Aikins J, Trentacosta CJ, Gémez JM, Beeghly M.
School support, chaos, routines, and parents’mental health during
COVID-19 remote schooling. Sch Psychol. 2022;37(2):173.

McMahon G, Douglas A, Casey K, Ahern E. Disruption to well-being
activities and depressive symptoms during the COVID-19 pandemic:
The mediational role of social connectedness and rumination. J Affect
Disord. 2022;309:274-81.

Nyberg G, Helgadattir B, Kjellenberg K, Ekblom O. COVID-19 and
unfavorable changes in mental health unrelated to changes in physical
activity, sedentary time, and health behaviors among Swedish adoles-
cents: A longitudinal study. Front Public Heal. 2023;11:1115789.
Pefaranda A, Garcia E, Pérez-Herrera LC, Trojan A, Pefaranda D, Molina
J, et al. Effect of the COVID-19 pandemic on the mental health, daily
and occupational activities among health professionals in Colombia: a
national study. BMC Psychiatry. 2022;22(1):682.

Pensgaard AM, Oevreboe TH, Ivarsson A. Mental health among elite
athletes in Norway during a selected period of the COVID-19 pan-
demic. BMJ Open Sport Exerc Med. 2021;7(1):e001025.

Ren H, He X, Bian X, Shang X, Liu J. The protective roles of exercise and
maintenance of daily living routines for Chinese adolescents during the
COVID-19 quarantine period. J Adolesc Heal. 2021;68(1):35-42.

Rens E, Smith P, Nicaise P, Lorant V, Van den Broeck K. Mental distress
and its contributing factors among young people during the first wave
of COVID-19: a Belgian survey study. Front Psychiatry. 2021;12:575553.


https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups#:~:text=
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups#:~:text=

Liu et al. BMC Medicine

53

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

(2024) 22:49

Ryu J, Stkei E, Norbury A, H Liu S, Campafa-Montes JJ, Baca-Garcia

E, et al. Shift in social media app usage during COVID-19 lockdown

and clinical anxiety symptoms: machine learning-based ecological
momentary assessment study. JMIR Ment Heal. 2021,8(9):e30833.

Sato K, Sakata R, Murayama C, Yamaguchi M, Matsuoka Y, Kondo N.
Changes in work and life patterns associated with depressive symp-
toms during the COVID-19 pandemic: an observational study of health
app (CALO mama) users. Occup Environ Med. 2021;78(9):632-7.
Schneider A, Huber L, Lohse J, Linde K, Greissel A, Sattel H, et al. Associa-
tion between somatic symptom disorder and symptoms with daily life
impairment after SARS-CoV-2 infection-results from a population-based
cross-sectional study. J Psychosom Res. 2023;168:111230.

Aolymat |, Khasawneh Al, Al-Tamimi M. COVID-19-associated mental
health impact on menstrual function aspects: dysmenorrhea and pre-
menstrual syndrome, and genitourinary tract health: a cross sectional
study among Jordanian medical students. Int J Environ Res Public
Health. 2022;19(3):1439.

Sentlrk E, Sagaltici E, Genis B, Glinday TO. Predictors of depression,
anxiety and stress among remote workers during the COVID-19 pan-
demic. Work. 2021;70(1):41-51.

Shatla MM, Khafagy AA, Bulkhi AA, Aljahdali IA. Public concerns and
mental health changes related to the COVID-19 pandemic lockdown in
Saudi Arabia. Clin Lab. 2020;66(10):10-7754.

Shoshani A, Kor A. The mental health effects of the COVID-19 pandemic
on children and adolescents: Risk and protective factors. Psychol
Trauma Theory, Res Pract Policy. 2022;14(8):1365.

Sommerlad A, Marston L, Huntley J, Livingston G, Lewis G, Steptoe A,
et al. Social relationships and depression during the COVID-19 lock-
down: longitudinal analysis of the COVID-19 Social Study. Psychol Med.
2022;52(15):3381-90.

Stanton R, To QG, Khalesi S, Williams SL, Alley SJ, Thwaite TL, et al.
Depression, anxiety and stress during COVID-19: associations with
changes in physical activity, sleep, tobacco and alcohol use in Austral-
ian adults. Int J Environ Res Public Health. 2020;17(11):4065.

Sum MY, Wong GHY, Chan SKW. Depressive symptoms and its corre-
lates in undergraduates during the covid-19 pandemic. East Asian Arch
Psychiatry. 2023;33(1):21-7.

Tanaka S, Fujita K, Yakushiji K, Harada N, Yoshizumi T. Changes in Physi-
cal Activity Due to Fear of COVID-19 and Its Impact on Depression
Among Post-Liver Transplant Patients in Japan: A Longitudinal Survey
Study. Ann Transplant. 2022;27:€938239-41.

Tanikaga M, Uemura J, Hori F, Hamada T, Tanaka M. Changes in Commu-
nity-Dwelling Elderly’s Activity and Participation Affecting Depression
during COVID-19 Pandemic: A Cross-Sectional Study. Int J Environ Res
Public Health. 2023;20(5):4228.

Tao TJ, Lee TMC, Fung ALC, Li TW, Ettman CK, Galea S, et al. Low assets
predict persistent depression through living difficulties amid large-
scale disasters: A cohort study. J Affect Disord. 2022;315:282-90.
Tondokoro T, Nakata A, Tateishi S, Mafune K, Tsuji M, Ando H, et al.
Changes in work/sleep patterns due to the COVID-19 pandemic are
associated with psychological distress among Japanese workers. Front
Psychol. 2023;14:1133498.

Candela C-F, Pia L-J, Pons-Fuster E, Tvarijonaviciute A. Impact of the
COVID-19 pandemic upon patients with burning mouth syndrome. J
Stomatol Oral Maxillofac Surg. 2022;123(2):101-4.

Valdés JM, Diaz FJ, Christiansen PM, Lorca GA, Solorza FJ, Alvear M, et al.
Mental health and related factors among undergraduate students
during SARS-COV-2 pandemic: A cross-sectional study. Front Psychiatry.
2022;13:833263.

Vrublevska J, Perepjolkina V, Martinsone K, Kolesnikova J, Krone |,
Smirnova D, et al. Determinants of anxiety in the general Latvian
population during the COVID-19 state of emergency. Front public Heal.
2022;10:854812.

Wang L, Zhang H, Shang C, Liang H, Liu W, Han B, et al. Mental

health issues in parents of children with autism spectrum disorder: A
multi-time-point study related to COVID-19 pandemic. Autism Res.
2022;15(12):2346-58.

Watson KH, Coiro MJ, Ciriegio AE, Dakkak A, Jones MT, Reisman J, et al.
COVID-19 stressors and symptoms of anxiety and depression in a com-
munity sample of children and adolescents. Child Adolesc Ment Health.
2023;28(1):172-9.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

Page 16 of 17

Wu J,Yang H, Qin Y, Wu J, Yan H, Xu Y, et al. Change of daily life and
depression among adults under stringent lockdown restrictions

during COVID-19 pandemic in Shanghai. China Asian J Psychiatr.
2023;79:103327.

Aslan Yilmaz B, Onal O. Effect of loneliness and sociodemographic,
health, COVID-19 pandemic-related factors on depression among older
adults. Educ Gerontol. 2023;49(1):12-26.

Yuan M, Bian X, Liu J, Zhen H, Coplan RJ, Sang B. Relations between
maternal panic over COVID-19 and children’s depressive symptoms: the
moderating role of children’s daily routines. Curr Psychol. 2023. https://
doi.org/10.1007/512144-022-04129-0.

Cho S, Ju HR, Oh H, Choi E-S, Lee JA. The association between the
restriction of daily life and depression during the COVID-19 pandemic
in Korea: a nationwide based survey. Sci Rep. 2022;12(1):17722.
Czenczek-Lewandowska E, Wyszyniska J, Leszczak J, Baran J, Weres A,
Mazur A, et al. Health behaviours of young adults during the outbreak
of the Covid-19 pandemic-a longitudinal study. BMC Public Health.
2021;21(1):1038.

Fila-Witecka K, Senczyszyn A, Kotodziejczyk A, Ciutkowicz M, Maciaszek
J, Misiak B, et al. Lifestyle changes among polish university students
during the COVID-19 pandemic. Int J Environ Res Public Health.
2021;18(18):9571.

Goémez-Baya D, Gomez-Gomez |, Dominguez-Salas S, Rodriguez-
Dominguez C, Motrico E. The influence of lifestyles to cope with stress
over mental health in pregnant and postpartum women during the
COVID-19 pandemic. Curr Psychol. 2023;42(26):22164-83.

Jensen EW, James SA, Boyce WT, Hartnett SA. The family routines inven-
tory: Development and validation. Soc Sci Med. 1983;17(4):201-11.
Difrancesco S, Lamers F, Riese H, Merikangas KR, Beekman ATF, van
Hemert AM, et al. Sleep, circadian rhythm, and physical activity patterns
in depressive and anxiety disorders: A 2-week ambulatory assessment
study. Depress Anxiety. 2019;36(10):975-86.

Huang Q Wang X, Ge Y, Cai D. Relationship between self-efficacy, social
rhythm, and mental health among college students: A 3-year longitudi-
nal study. Curr Psychol. 2023;42:9053-62.

Mei G, XuW, Li L, Zhao Z, Li H, Liu W, et al. The role of campus data in
representing depression among college students: exploratory research.
JMIR Ment Heal. 2020;7(1):e12503.

American Psychiatric Association DSM-5 Task Force. Diagnostic and
statistical manual of mental disorders: DSM-5™. 5th ed. Washington,
DC: American Psychiatric Publishing, Inc.; 2013.

Brunet A, Rivest-Beauregard M, Lonergan M, Cipolletta S, Rasmussen

A Meng X, et al. PTSD is not the emblematic disorder of the COVID-19
pandemic; adjustment disorder is. BMC Psychiatry. 2022;22:300.
Norrholm SD, Zalta A, Zoellner L, Powers A, Tull MT, Reist C, et al. Does
COVID-19 count?: Defining Criterion A trauma for diagnosing PTSD
during a global crisis. Depress Anxiety. 2021;38(9):882-5.

Boland EM, Goldschmied J, Kelly MR, Perkins S, Gehrman P, Haynes

PL. Social rhythm regularity moderates the relationship between

sleep disruption and depressive symptoms in veterans with post-
traumatic stress disorder and major depressive disorder. Chronobiol Int.
2019;36(10):1429-38.

Lucibello KM, Parker J, Heisz JJ. Examining a training effect on the state
anxiety response to an acute bout of exercise in low and high anxious
individuals. J Affect Disord. 2019;247:29-35.

Trilk J, Nelson L, Briggs A, Muscato D. Including lifestyle medicine

in medical education: rationale for American College of Preventive
Medicine/American Medical Association resolution 959. Am J Prev Med.
2019;56(5):€169-75.

Wong VW-H, Ho FY-Y, Shi N-K, Sarris J, Chung K-F, Yeung W-F. Lifestyle
medicine for depression: a meta-analysis of randomized controlled
trials. J Affect Disord. 2021;284:203-16.

Wong VW-H, Ho FY-Y, Shi N-K, Sarris J, Ng CH, Tam OK-Y. Lifestyle medi-
cine for anxiety symptoms: A meta-analysis of randomized controlled
trials. J Affect Disord. 2022;310:354-68.

Krishnaswami J, Jaini PA, Howard R, Ghaddar S. Community-engaged
lifestyle medicine: building health equity through preventive medicine
residency training. Am J Prev Med. 2018;55(3):412-21.

Giuntella O, Hyde K, Saccardo S, Sadoff S. Lifestyle and men-

tal health disruptions during COVID-19. Proc Natl Acad Sci.
2021;118(9):€2016632118.


https://doi.org/10.1007/s12144-022-04129-0
https://doi.org/10.1007/s12144-022-04129-0

Liu et al. BMC Medicine

93.

94.

95.

96.

97.

98.

99.

100.

102.

103.

104.

105.

106.

110.

1.

12,

114.

(2024) 22:49

Hou WK, Lee TM, Liang L, Li TW, Liu H, Tong H, et al. Psychiatric symp-
toms and behavioral adjustment during the COVID-19 pandemic:

evidence from two population-representative cohorts. Trans| Psychiatry.

2021;11:174.

Liu M, Wu L, Yao S. Dose-response association of screen time-based
sedentary behaviour in children and adolescents and depres-

sion: a meta-analysis of observational studies. Br J Sports Med.
2016;50(20):1252-8.

Houghton S, Lawrence D, Hunter SC, Rosenberg M, Zadow C, Wood

L, et al. Reciprocal relationships between trajectories of depressive
symptoms and screen media use during adolescence. J Youth Adolesc.
2018;47:2453-67.

Charalampous M, Grant CA, Tramontano C, Michailidis E. Systematically
reviewing remote e-workers' well-being at work: A multidimensional
approach. Eur J Work Organ Psychol. 2019;28(1):51-73.

Turna J, Zhang J, Lamberti N, Patterson B, Simpson W, Francisco AP, et al.

Anxiety, depression and stress during the COVID-19 pandemic: results
from a cross-sectional survey. J Psychiatr Res. 2021;137:96-103.

Yang S, Jang J. Understanding older adults'Internet use and psycho-
logical benefits: the moderating role of digital skills. Behav Inf Technol.
2022;43(1):60-71.

Shah SGS, Nogueras D, Van Woerden HC, Kiparoglou V. The COVID-19
pandemic: A pandemic of lockdown loneliness and the role of digital
technology. J Med Internet Res. 2020;22(11):e22287.

Vargo D, Zhu L, Benwell B, Yan Z. Digital technology use during
COVID-19 pandemic: A rapid review. Hum Behav Emerg Technol.
2021;3(1):13-24.

Ting DSW, Carin L, Dzau V, Wong TY. Digital technology and COVID-19.
Nat Med. 2020;26:459-61.

Crawford A, Serhal E. Digital health equity and COVID-19: the innova-
tion curve cannot reinforce the social gradient of health. J Med Internet
Res. 2020,22(6):e19361.

Watts G. COVID-19 and the digital divide in the UK. Lancet Digit Heal.
2020;2(8):e395-6.

Arabzadeh E, Ebrahimi S, Gholami M, Moiniafshari K, Sohrabi A,
Armannia F, et al. The relationship between physical activity pre COVID-
19 pandemic with mental health, depression, and anxiety in COVID-19
patients: a cross-sectional study. Sport Sci Health. 2023;19:1239-44.
Dadswell K, Bourke M, Maple J-L, Craike M. Associations between pre-
COVID-19 physical activity profiles and mental wellbeing and quality
of life during COVID-19 lockdown among adults. Curr Psychol. 2022.
https://doi.org/10.1007/512144-022-03413-3.

Ettman CK, Cohen GH, Abdalla SM, Galea S. Do assets explain the
relation between race/ethnicity and probable depression in US adults?
PLoS ONE. 2020;15(10):e0239618.

Hou WK, Lee TM-C, Liang L, Li TW, Liu H, Ettman CK; et al. Civil unrest,
COVID-19 stressors, anxiety, and depression in the acute phase of the
pandemic: a population-based study in Hong Kong. Soc Psychiatry
Psychiatr Epidemiol. 2021;56:1499-508.

Hou WK, Liang L, Hougen C, Bonanno GA. Regulatory flexibility

of sustaining daily routines and mental health in adaptation to
financial strain: A vignette approach. Int J Environ Res Public Health.
2021;18(6):1-21.

Peltz JS, Bodenlos JS, Kingery JN, Rogge RD. The role of financial strain
in college students'work hours, sleep, and mental health. J Am Coll
Heal. 2021,69(6):577-84.

Zhou T, Nguyen TT, Zhong J, Liu J. A COVID-19 descriptive study of life
after lockdown in Wuhan, China. R Soc open Sci. 2020;7(9):200705.
Mofijur M, Fattah IMR, Alam MA, Islam ABMS, Ong HC, Rahman SMA,
et al. Impact of COVID-19 on the social, economic, environmental and
energy domains: Lessons learnt from a global pandemic. Sustain Prod
Consum. 2021;26:343-59.

Wiernik BM, Dahlke JA. Obtaining unbiased results in meta-analysis:
The importance of correcting for statistical artifacts. Adv Methods Pract
Psychol Sci. 2020;3(1):94-123.

Murray G, Gottlieb J, Swartz HA. Maintaining daily routines to stabilize
mood: theory, data, and potential intervention for circadian conse-
quences of COVID-19. Can J Psychiatry. 2021,66(1):9-13.

Garbarino J, Kostelny K. The effects of political violence on palestinian
children’s behavior problems: a risk accumulation model. Child Dev.
1996,67(1):33-45.

115.

117.

Page 17 of 17

Hobfoll SE. Conservation of resources and disaster in cultural context:
The caravans and passageways for resources. Psychiatry Interpers Biol
Process. 2012;75(3):227-32.

Hou WK, Hall BJ, Canetti D, Lau KM, Ng SM, Hobfoll SE. Threat to democ-
racy: Physical and mental health impact of democracy movement in
Hong Kong. J Affect Disord. 2015;186:74-82.

Prati G, Mancini AD. The psychological impact of COVID-19 pandemic
lockdowns: a review and meta-analysis of longitudinal studies and
natural experiments. Psychol Med. 2021;51(2):201-11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1007/s12144-022-03413-3

	Daily routine disruptions and psychiatric symptoms amid COVID-19: a systematic review and meta-analysis of data from 0.9 million individuals in 32 countries
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Search strategy and selection criteria
	Data extraction and quantitative synthesis on the effect sizes
	Quality assessment and publication bias
	Subgroup analysis

	Results
	Included studies
	Associations between daily routine disruptions and mental disorders
	Moderator analysis

	Discussion
	Linking daily routines with psychiatric symptoms
	Conceptualizing and assessing daily routines
	Population characteristics
	Spatiotemporal dimensions of COVID-19

	Limitations
	Conclusions
	Acknowledgements
	References




