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Acute COVID-19 severity and mental health morbidity 
trajectories in patient populations of six nations: 
an observational study
Ingibjörg Magnúsdóttir*, Anikó Lovik*, Anna Bára Unnarsdóttir*, Daniel McCartney*, Helga Ask*, Kadri Kõiv*, Lea Arregui Nordahl Christoffersen*, 
Sverre Urnes Johnson*, Arna Hauksdóttir, Chloe Fawns-Ritchie, Dorte Helenius, Juan González-Hijón, Li Lu, Omid V Ebrahimi, Asle Hoffart†, 
David J Porteous†, Fang Fang†, Jóhanna Jakobsdóttir†, Kelli Lehto†, Ole A Andreassen†, Ole B V Pedersen†, Thor Aspelund†, 
Unnur Anna Valdimarsdóttir†, on behalf of the COVIDMENT Collaboration‡

Summary
Background Long-term mental and physical health consequences of COVID-19 (long COVID) are a persistent public 
health concern. Little is still known about the long-term mental health of non-hospitalised patients with COVID-19 with 
varying illness severities. Our aim was to assess the prevalence of adverse mental health symptoms among individuals 
diagnosed with COVID-19 in the general population by acute infection severity up to 16 months after diagnosis.

Methods This observational follow-up study included seven prospectively planned cohorts across six countries 
(Denmark, Estonia, Iceland, Norway, Sweden, and the UK). Participants were recruited from March 27, 2020, to 
Aug 13, 2021. Individuals aged 18 years or older were eligible to participate. In a cross-sectional analysis, we contrasted 
symptom prevalence of depression, anxiety, COVID-19-related distress, and poor sleep quality (screened with validated 
mental health instruments) among individuals with and without a diagnosis of COVID-19 at entry, 0–16 months from 
diagnosis. In a cohort analysis, we further used repeated measures to estimate the change in mental health symptoms 
before and after COVID-19 diagnosis.

Findings The analytical cohort consisted of 247 249 individuals, 9979 (4·0%) of whom were diagnosed with COVID-19 
during the study period. Mean follow-up was 5·65 months (SD 4·26). Participants diagnosed with COVID-19 
presented overall with a higher prevalence of symptoms of depression (prevalence ratio [PR] 1·18 [95% CI 1·03–1·36]) 
and poorer sleep quality (1·13 [1·03–1·24]) but not symptoms of anxiety (0·97 [0·91–1·03]) or COVID-19-related 
distress (1·05 [0·93–1·20]) compared with individuals without a COVID-19 diagnosis. Although the prevalence of 
depression and COVID-19-related distress attenuated with time, individuals diagnosed with COVID-19 but never 
bedridden due to their illness were consistently at lower risk of depression (PR 0·83 [95% CI 0·75–0·91]) and anxiety 
(0·77 [0·63–0·94]) than those not diagnosed with COVID-19, whereas patients who were bedridden for more than 
7 days were persistently at higher risk of symptoms of depression (PR 1·61 [95% CI 1·27–2·05]) and anxiety 
(1·43 [1·26–1·63]) than those not diagnosed throughout the study period.

Interpretation Severe acute COVID-19 illness—indicated by extended time bedridden—is associated with long-term 
mental morbidity among recovering individuals in the general population. These findings call for increased vigilance 
of adverse mental health development among patients with a severe acute disease phase of COVID-19. 

Funding Nordforsk, Horizon2020, Wellcome Trust, and Estonian Research Council. 

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Adverse mental health symptoms1–3 and comorbid 
psychiatric disorders3,4 among patients with COVID-19 
have been documented up to 6 months after hospital 
discharge.3,5,6 Yet, in addition to the reported methodo-
logical shortcomings of the existing literature on this topic 
(ie, inpatient samples and absence of comparison 
groups),5,7 little is still known about the long-term mental 
health of non-hospitalised patients with COVID-19 with 
varying illness severities.

Both psychological and pathophysiological factors 
might contribute to mental health outcomes among 

patients diagnosed with COVID-19. First, the somewhat 
unpredictable disease course and prognosis,8 worries of 
having infected others,9 and extensive media coverage of 
long-term effects of the disease10 might contribute to a 
transient rise in mental health symptoms. Second, the 
exacerbation of the COVID-19 illness resulting in severe 
influenza-like symptoms and associated pro-inflammatory 
processes4 might contribute to the development of mental 
health symptoms among patients with a severe disease 
course4,11 for, as yet, an unknown duration. Finally, several 
vulnerability factors, such as history of psychiatric 
disorders, might both be associated with the risk of a 
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severe acute COVID-19 illness12 and subsequent risks of 
adverse mental health symptoms.

Chronic COVID-19, or long COVID, has been referred 
to as persistence of physical and mental symptoms 
beyond 2 months after infection.13,14 Indeed, one study 
has provided evidence for elevated risks of psychiatric 
disorders up to 6 months following COVID-19 regardless 
of whether patients were admitted to hospital or not.2 
However, few studies have explored mental health 
symptom development beyond 6 months after diagnosis 
of COVID-19 in the general population as well as to what 
extent varying acute infection severity in COVID-19 
predicts long-term mental health symptomology. To this 
end, we leveraged the multinational and population-
based COVIDMENT cohorts15 to explore the mental 
health symptom trajectories up to 16 months after 
COVID-19 diagnosis. In line with the proposed 
underlying mechanisms summarised above, we 
hypothesised that mental health symptoms would 
generally decline with time from COVID-19 diagnosis 
(from when physical symptoms and uncertain prognosis 
could be expected to have resolved), whereas severe 
COVID-19 acute infection (indicated by number of days 
confined to bed [bedridden] due to COVID-19 symptoms) 
would be associated with persistent adverse mental 
health symptoms.

Methods
Study design and participants
This observational follow-up study included seven cohorts 
from six countries (Denmark, Estonia, Iceland, Norway, 

Sweden, and the UK) with harmonised data collections 
prospectively planned in March, 2020. These cohorts are 
all part of the COVIDMENT project, described 
elsewhere.15 The cohorts used different strategies for 
recruitment, most recruiting from already established 
cohorts, whereas some also opened for self-recruitment 
through social media. The cohorts were: The Danish 
Blood Donor Study (DBDS, n=71 562), The Estonian 
Biobank COVID-19 Cohort (EstBB-C19, n=14 452), The 
Icelandic COVID-19 National Resilience Cohort (C19-
Resilience, n=23 962), The Norwegian COVID-19, Mental 
Health and Adherence Project (MAP-19, n=10 061), The 
Norwegian Mother, Father and Child Cohort Study 
(MoBa, n=132 486), The Swedish Omtanke2020 
(n=28 293), and the UK-based CovidLife (n=18 518).15 
Individuals aged 18 years and older were eligible to 
participate. All cohorts had ethical approvals from 
respective national or regional ethics committees (see 
appendix p 2) with varying numbers of waves of data 
collections from March 27, 2020, to Aug 13, 2021. All 
participants provided written or electronic informed 
consent.

We excluded individuals from the analyses if they did 
not have complete information on COVID-19 diagnosis 
and at least one of the four outcome variables.

Procedures
We used self-reports of a confirmed positive RT-PCR 
test (all cohorts) or positive antibody test (only in 
Omtanke2020) for SARS-CoV-2 infection as an indicator 
of a COVID-19 diagnosis (appendix p 2). Based on 

Research in context

Evidence before this study
There remain persistent concerns for long-term physical and 
mental health effects of SARS-CoV-2 infection (referred to as 
long or chronic COVID) among patients recovering from 
COVID-19. We searched PubMed on Dec 14, 2021, 
for publications in English on the mental health of those 
diagnosed with COVID-19, using the terms “COVID-19” AND 
(“mental health” OR “depression” OR “anxiety”) with no 
restrictions on publication date. We excluded studies that did 
not report specifically on the mental health of those diagnosed 
with COVID-19. High symptom levels of depression and anxiety 
among patients with COVID-19 have been reported, mostly 
based on patients admitted to hospital due to COVID-19 within 
6 months of diagnosis. We found no studies focusing on 
non-hospitalised patients with COVID-19 with varying illness 
severity beyond 6 months of diagnosis.

Added value of this study
To our knowledge, this is the first study on non-hospitalised 
patients with COVID-19 in the general population up to 
16 months after diagnosis. Leveraging multiple cohorts from 
six north-European countries of 247 249 adult individuals, 

our findings suggest that acute COVID-19 illness severity is 
associated with long-term adverse mental health symptoms 
among patients in the general population. During the up to 
16-month observation period of the study, 9979 individuals 
were diagnosed with COVID-19 (mostly outpatients) and 
although overall symptoms of depression and COVID-19-
related distress attenuated over time from diagnosis, 
individuals who were bedridden for 7 days or more in the acute 
illness phase—representing 22·3% of the patient population—
showed persistently high symptom levels of depression and 
anxiety throughout the observation period. By contrast, 
individuals who were never bedridden due to COVID-19 
presented with lower risks of mental morbidities than 
non-infected individuals throughout the observation period.

Implications of all the available evidence
These findings have great implications for our understanding of 
long-term mental health symptom development in COVID-19, 
namely that the severity of acute COVID-19 illness modifies this 
risk. These results call for increased vigilance of adverse mental 
health among the substantial proportion of patients with a 
severe acute disease phase of COVID-19.

See Online for appendix
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reported calendar month of diagnosis, the time from 
diagnosis until data collection was coded as 0 to 
2 months (0–56 days), more than 2 months to 6 months 
(57–180 days), or more than 6 months to 16 months 
(>180 days). To determine COVID-19 acute infection 
severity, we used the participants’ reports of the number 
of days they were bedridden due to COVID-19. 
Participants were asked “How many days were you 
confined to bed due to COVID-19 symptoms?” with 
responses ranging from “Never” to “Seven days or 
longer”. In EstBB-C19 only, we used self-reports of the 
number of days with fever. We also obtained information 
on hospital admission for COVID-19 (see appendix p 2).

Several validated mental health instruments, including 
screening measures for depressive symptoms (Patient 
Health Questionnaire with the recommended cutoff 
of ≥1016 and Emotional State Questionnaire Depression 
subscale [EST-Q2] with the recommended cutoff of 
>11),17,18 anxiety (Angst-Symptom-Spørgeskemaet, EST-Q2 
Anxiety subscale17 with the recommended cutoff 
of >11, and General Anxiety Disorder with the 
recommended cutoff of ≥10),19 COVID-19-related distress 
(The Primary Care PTSD Screen for DSM-5 with the 
recommended cutoff of ≥4,20 and the PTSD checklist for 
DSM-5),21 and sleep quality (EST-Q2 Insomnia subscale17 
with the recommended cutoff of >5 and Pittsburgh Sleep 
Quality Index)22 were included in all cohorts (see 
appendix p 2 for further information). All the screening 
measures for post-traumatic stress were modified to 
refer specifically to COVID-19 (eg, “Had nightmares 
about COVID-19?”) and are therefore hereafter referred 
to as COVID-19-related distress.

Covariates were the following: gender (male, female, 
or other); age (continuous, in years); education 
(compulsory or less [no formal education]; upper 
secondary, vocational, or other; bachelor’s or diploma 
university degree; and master’s or PhD [information on 
education not available in Omtanke2020]); relationship 
status (in a relationship or single [information on 
relationship status not available in EstBB-C19]); history 
of diagnosis of any psychiatric disorder (yes or no) or 
chronic medical condition (defined as hypertension, 
diabetes, heart disease, lung disease, chronic kidney 
disease [information on chronic kidney disease not 
available in DBDS], cancer, immuno suppressive state 
[information on immunosuppressive state not available 
in DBDS], or immuno suppressive therapy [information 
on immunosuppressive therapy not available in DBDS]; 
no con ditions; one condition; two conditions; more than 
two conditions); response periods (March–June, 2020; 
July–September, 2020; October–December, 2020; 
January–March, 2021; April–August, 2021; appendix p 2). 
Because body-mass index and smoking have both been 
associated with COVID-1923,24 and mental morbidities,25,26 
we also included body-mass index (<25, 25–30, and 
>30 kg/m²) and smoking (never, former, or current) in 
all our models.

Statistical analysis
First, we explored the distribution of sociodemographic 
and health-related factors between individuals with 
and without a COVID-19 diagnosis for each cohort, 
individually and combined, along with symptom severity 
for individuals with a COVID-19 diagnosis. We then did a 
cross-sectional analysis contrasting the prevalence of 
mental health indicators among individuals with and 
without a diagnosis of COVID-19, overall and in subgroup 
analyses by illness severity and time from diagnosis. 

Baseline measurements were used for individuals 
without a diagnosis of COVID-19, whereas the first 
measurement after diagnosis was used for the patients 
with COVID-19. All outcome variables were binary. We 
used robust (modified) Poisson regression models to 
estimate prevalence ratios (PRs) with 95% CIs. In 
robust Poisson regression, a quasi-likelihood model can 
be applied to fit the data with a binary outcome.27 The 
exponential of the effect size can be interpreted as a 
relative risk or a PR.28 This approach can be extended to 
repeated measures data.29 We used classical sandwich 
estimator with exchangeable working correlation struc-
ture to control for intra-individual correlation when 
repeated measures were available.29 We adjusted the 
estimates for age and gender in the first model, and in 
the second model additionally for education, relationship 
status, smoking, body-mass index, previous psychiatric 
diagnosis, number of chronic medical conditions, and 
response period. Cohorts that did not measure specific 
covariates excluded them from their models (appendix 
p 2). MoBa and MAP-19 had a high proportion of missing 
body-mass index and smoking data and used a missing 
indicator on these covariates to avoid dropping large 
numbers of participants from the analysis.

In a subpopulation with repeated symptom measures, 
we did a cohort analysis testing for potential change in 
symptom burden over time, from before and until after 
COVID-19 diagnosis. Among the Icelandic C19-Resilience, 
Norwegian MoBa, Swedish Omtanke2020, and the UK-
based CovidLife cohorts, we did a pair-wise comparison 
of repeated measures of mental health outcomes at 
two timepoints among individuals with a COVID-19 
diagnosis. Baseline measurements were the first response 
to a questionnaire after reporting a positive COVID-19 
diagnosis, and the follow-up measurement was the last 
available response to a questionnaire. The aforementioned 
extension of the modified Poisson regression models was 
done to test the difference of the mental health outcomes 
between the two timepoints, while adjusting for response 
period. We did a similar comparison of mental health 
measures at two timepoints for individuals who answered 
at least one questionnaire before being diagnosed with 
COVID-19 and at least one questionnaire after being 
diagnosed. The baseline measurement was the last 
questionnaire before a COVID-19 diagnosis and the 
follow-up measurement was the first questionnaire in 
which a COVID-19 diagnosis was reported.
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We meta-analysed based on aggregated data from each 
cohort with a random-effects model using the metafor 
package in R to estimate overall PRs for all the 
aforementioned analyses.30 Heterogeneity for each 
overall mental health outcome was examined using 
the I² statistic.31 Statistical analyses were done in R 

(version 4.1.1), SAS (version 9.4), and Stata (version 17.0). 
Our study is reported according to the Strengthening the 
Reporting of Observational studies in Epidemiology 
checklist (appendix pp 25–27). 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
299 334 participants were included in the seven cohorts. 
After exclusion of participants with incomplete infor-
mation on diagnosis of COVID-19 (n=41 346), main 
outcome measures of mental health symptoms (n=6103) 
and disease severity (n=448), and covariates (n=4188), 
the analytical cohort consisted of 247 249 individuals 
(appendix p 1). 9979 (4·0%) par ticipants reported having 
tested positive for SARS-CoV-2 at some point during the 
study period, of whom 713 (7·1%) individuals were 
positive on an antibody test (table). Mean follow-up in the 
combined study sample was 5·65 months (SD 4·26; 
range 0–16), with mean follow-up of 10·30 months (1·69) 
in the longest follow-up category (>6 to 16 months; 
appendix p 3). The proportion of individuals with a 
COVID-19 diagnosis varied across cohorts (appendix 
pp 4–6) as did the cumulative prevalence of COVID-19 in 
each country during the study period (appendix p 7). A 
higher proportion of individuals with COVID-19 were 
female than male and they were on average younger than 
those not diagnosed with COVID-19 (table). Individuals 
diagnosed with COVID-19 had a higher educational level, 
were more likely to be in a relationship, to have lower 
body-mass index, have a history of smoking, and have 
chronic medical conditions, compared with individuals 
without a COVID-19 diagnosis (appendix pp 4–6). The 
overall prevalence of history of psychiatric disorders 
varied considerably between individuals with and 
without a COVID-19 diagnosis (table). EstBB-C19 and 
Omtanke2020 had the highest proportion of individuals 
with COVID-19 as well as the highest overall proportion 
of individuals with a previous diagnosis of psychiatric 
disorders (appendix pp 4–6). The absolute differences in 
history of psychiatric disorders between individuals with 
and without COVID-19 never exceeded 4% in any of 
the cohorts (appendix pp 4–6). Individuals who were 
bedridden for 7 days or longer represented 1613 (22·3%) 
of the 7226 patients with COVID-19 who had data on 
time spent bedridden (appendix pp 4–6).

Figure 1 (and appendix pp 8–21) shows PRs of adverse 
mental health symptoms among patients with COVID-19 
0–16 months after diagnosis compared with individuals 
without such diagnosis, for each cohort and combined. 
The meta-analysis showed that compared with no 
previous COVID-19 diagnosis, previous COVID-19 
diagnosis was associated with higher prevalence of 
symptoms of depression (multivariable adjusted PR 1·18 

COVID-19 diagnosis 
(n=9979)

No COVID-19 diagnosis 
(n=237 270)

DBDS (Denmark) 1111 (11·1%) 29 806 (12·6%)

EstBB-C19 (Estonia) 2121 (21·3%) 7868 (3·3%)

C19-Resilience (Iceland) 1144 (11·5%) 20 471 (8·6%)

MAP-19 (Norway) 110 (1·1%) 9951 (4·2%)

MoBa (Norway) 1995 (20·0%) 130 456 (55·0%)

Omtanke2020 (Sweden) 3175 (31·8%) 20 523 (8·6%)

CovidLife (UK) 323 (3·2%) 18 195 (7·7%)

Gender

Male 3202 (32·1%) 90 678 (38·2%)

Female 6772 (67·9%) 146 401 (61·7%)

Other 3 (<0·1%) 62 (<0·1%)

Data missing 2 (<0·1%) 129 (0·1%)

Age, years

Mean age 46·6 (12·9) 48·9 (11·9)

18–29 1137 (11·4%) 13 084 (5·5%)

30–39 1701 (17·0%) 26 266 (11·1%)

40–49 3072 (30·8%) 100 097 (42·2%)

50–59 2512 (25·2%) 58 002 (24·4%)

60–69 656 (6·6%) 21 861 (9·2%)

≥70 435 (4·4%) 17 754 (7·5%)

Data missing 4 (<0·1%) 206 (0·1%)

Education

Compulsory or less 286 (2·9%) 10 469 (4·4%)

Upper secondary, vocational, or other 2029 (20·3%) 60 679 (25·6%)

Bachelor’s or diploma university degree 2507 (25·1%) 83 343 (35·1%)

Master’s or PhD 1744 (17·5%) 47 786 (20·1%)

Data missing or not measured* 3413 (34·2%) 34 993 (14·7%)

Relationship status

In a relationship 4356 (43·7%) 69 026 (29·1%)

Single 1501 (15·0%) 29 153 (12·3%)

Data missing or not measured† 4122 (41·3%) 138 691 (58·5%)

Body-mass index, kg/m²

<25 4437 (44·5%) 77 587 (32·7%)

25–30 3246 (32·5%) 65 664 (27·7%)

>30 1764 (17·7%) 34 435 (14·5%)

Data missing or not measured 532 (5·3%) 59 584 (25·1%)

Current smoking

Never 6018 (60·3%) 150 299 (63·3%)

Former smoker 2494 (25·0%) 27 537 (11·6%)

Current smoker 1198 (12·0%) 23 353 (9·8%)

Data missing 269 (2·7%) 36 081 (15·2%)

History of psychiatric disorders

Yes 3110 (31·2%) 51 559 (21·7%)

No 6772 (67·9%) 180 200 (75·9%)

Data missing 97 (1·0%) 5511 (2·3%)

(Table continues on next page)
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[95% CI 1·03–1·36], I² 80·4%; p<0·0001) and poor sleep 
quality (1·13 [1·03–1·24], I² 76·8%; p=0·0028) but 
not anxiety (0·97 [0·91–1·03], I² 0·001%; p=0·56) or 
COVID-19-related distress (1·05 [0·93–1·20], I² 73·7%; 
p=0·0034; figure 1). Estimates varied across all cohorts, 
especially for depression, for which results from 
EstBB-C19 differed substantially from other cohorts. 
When excluding EstBB-C19 from the depression analysis, 
the I² measure of heterogeneity was no longer statistically 
significant and the I² decreased by about 45% (I² 34·7%; 
p=0·23). The analysis restricted to individuals (n=957) 
who responded to at least one questionnaire before and 
one after being diagnosed with COVID-19 (median time 
between responses: C19-Resilience, 7·3 months [IQR 
6·9–7·9]; Omtanke2020, 1·1 months [1·0–1·2]; CovidLife, 
10·0 months [9·0–10·0]) yielded similar PRs for 
depressive symptoms (PR 1·19 [95% CI 0·97–1·4]) and 
poor sleep quality (1·09 [0·88–1·35]; appendix p 22) after 
diagnosis of COVID-19, although with less precision 
than in the main analysis.

Longer time bedridden was consistently associated 
with increased PRs of all indicators of mental 
morbidities in a dose–response fashion (figure 2 and 
appendix pp 8–21). Compared with individuals never 
diagnosed with COVID-19, individuals who were never 
bedridden due to their SARS-CoV-2 infection had a 
significantly lower prevalence of symptoms of 
depression (PR 0·83 [95% CI 0·75–0·91]) and anxiety 
(0·77 [0·63–0·94]). Compared with individuals not 
diagnosed with COVID-19, indi viduals who were 
bedridden for 7 days or longer had a significantly higher 
prevalence of symptoms of depression (PR 1·61 [95% CI 
1·27–2·05]), anxiety (1·43 [1·26–1·63]), and poor sleep 
quality (1·41 [1·24–1·61]), and a non-significantly 
higher prevalence of COVID-19-related distress 
(1·41 [0·96–2·06]; figure 2). Similarly, hospital admis-
sion was associated with increased PRs of all indicators 
of mental morbidities (appendix p 22).

Figure 3 (and appendix pp 8–21) shows the PRs of 
mental morbidities among individuals diagnosed with 
COVID-19 by months from diagnosis. Our analysis 
suggests some attenuation of symptoms of depression 
and a clear attenuation of COVID-19-related distress with 
time from diagnosis. The PR for depressive symptoms 
was 1·30 (95% CI 1·07–1·59) and for COVID-19-related 
distress was 1·20 (1·09–1·33) within 2 months after 
diagnosis but was not statistically significant beyond 
2 months after diagnosis. These results were corroborated 
by estimates from the pair-wise comparison (appendix 
p 23). Com pared with the first measurement after 
diagnosis, the last measurement among patients with 
COVID-19, mean 9·7 months (SD 2·8) later, yielded a 
lower prevalence of depressive symptoms (PR 0·88 
[95% CI 0·76–1·01]; n=2883) and COVID-19-related 
distress (0·87 [0·75–1·00]; n=3846). The time-dependent 
pattern for symptoms of anxiety and poor sleep quality 
was less clear (appendix p 23).

Figure 4 (and appendix pp 23–24) shows mental health 
symptom development during the first 16 months after 
COVID-19 diagnosis by time bedridden in the acute 
illness. Although we found that mental health symptoms 
overall attenuated with time from COVID-19 diagnosis, 
patients bedridden for 7 days or longer, compared with 
participants without a COVID-19 diagnosis, showed 
persistent symptoms of depression (PR 1·66 [95% CI 
1·11–2·47] at 0 to 2 months after diagnosis; 
1·53 [1·26–1·86] at more than 2 months to 6 months 
after diagnosis; and 1·60 [1·17–2·81] at more than 
6 months to 16 months after diagnosis), anxiety (PR 1·47 
[95% CI 0·80–2·72] at 0 to 2 months after diagnosis; 
1·46 [1·20–1·79] at more than 2 months to 6 months 
after diagnosis; and 1·47 [1·19–1·81] at more than 
6 months to 16 months after diagnosis), and poor sleep 
quality (PR 1·35 [95% CI 1·11–1·64] at 0 to 2 months 
after diagnosis; 1·48 [1·29–1·69] at more than 

COVID-19 diagnosis 
(n=9979)

No COVID-19 diagnosis 
(n=237 270)

(Continued from previous page)

Chronic medical conditions

No condition 6567 (65·8%) 151 609 (63·9%)

One condition 2334 (23·4%) 47 194 (19·9%)

Two conditions 653 (6·5%) 14 090 (5·9%)

More than two conditions 220 (2·2%) 6902 (2·9%)

Data missing 205 (2·1%) 17 475 (7·4%)

Response periods

March–June, 2020 1110 (11·1%) 179 891 (75·8%)

July–September, 2020 1801 (18·0%) 10 627 (4·5%)

October–December, 2020 3328 (33·4%) 39 592 (16·7%)

January–March, 2021 2184 (21·9%) 4760 (2·0%)

April–August, 2021 1556 (15·6%) 2400 (1·0%)

Illness severity: time bedridden‡

Never bedridden 3160 (31·7%) ··

Bedridden 1–6 days 2453 (24·6%) ··

Bedridden 7 days or more 1613 (16·2%) ··

Data missing or not measured§ 2753 (27·6%) ··

Illness severity: admitted to hospital

Not admitted to hospital 8000 (80·2%) ··

Admitted to hospital 297 (3·0%) ··

Data missing or not measured¶ 1682 (16·9%) ··

Time since diagnosis

0 to 2 months 3108 (31·1%) ··

>2 to 6 months 3642 (36·5%) ··

>6 to 16 months 3229 (32·4%) ··

Data are n (%) or mean (SD). C19-Resilience=The Icelandic COVID-19 National Resilience Cohort. DBDS=The Danish 
Blood Donor Study. EstBB-C19=The Estonian Biobank COVID-19 Cohort. MAP-19=The Norwegian COVID-19, Mental 
Health and Adherence Project. MoBa=The Norwegian Mother, Father and Child Cohort Study. *Educational 
information not measured for Omtanke2020 (Sweden). †Relationship status not measured for EstBB-C19 (Estonia) 
and MoBa (Norway). ‡Time with fever for EstBB-C19 (no fever; fever for 1–6 days; fever for 7 days or more). §Illness 
severity: time bedridden not measured for MAP-19 (Norway) and CovidLife (UK). ¶Illness severity: admitted to 
hospital not measured for DBDS (Denmark) and MAP-19 (Norway).  

Table: Baseline characteristics
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2 months to 6 months after diagnosis; and 
1·26 [0·90–1·77] at more than 6 months to 16 months 
after diagnosis). By contrast, we observed a clear 
attenuation of COVID-19-related distress symptoms 
among patients with COVID-19 who were bedridden for 
7 days or more (PR 1·78 [95% CI 1·29–2·46] at 
0 to 2 months after diagnosis; 1·17 [0·93–1·47] at more 
than 2 to 6 months after diagnosis; and 1·01 [0·52–1·96] 
at more than 6 to 16 months after diagnosis). Patients 
never bedridden due to COVID-19 showed the opposite 
pattern of lower PRs of depression, anxiety, and 
COVID-19-related distress symptoms compared with 
participants with no COVID-19 diagnosis.

Discussion
In this multicohort study including almost 250 000 indi -
viduals across six countries, we found that acute 
COVID-19 illness severity was associated with mental 
morbidities up to 16 months after diagnosis. Although 
individuals who were never bedridden due to COVID-19 
had lower risks of adverse mental health symptoms 
compared with those not diagnosed with COVID-19, 
individuals who were bedridden for 7 days or longer—
representing 22·3% of the participants with a COVID-19 
diagnosis—persistently showed 50–60% higher preva-
lence of depression and anxiety symptoms throughout 
the observation period.

To our knowledge, our study is the first to report disease 
severity as an important modifier of long-term mental 
health among individuals with a COVID-19 diagnosis in 
the general population across six countries. Our findings 
are in line with the limited existing literature on both 

inpatients and outpatients, indicating a link between 
COVID-19 diagnosis and mental health status.1–3,32 
However, the longest follow-up in these studies was 
6 months, except for one recent study with 1-year follow-up 
involving only patients admitted to hospital. In that study, 
331 (26%) of 1271 patients with COVID-19 had anxiety or 
depression at 12-month follow-up,32 which is similar to the 
results of our study. In previous outbreaks of other 
infectious diseases, a high prevalence of post-traumatic 
stress disorder and depressive disorders have been 
observed after diagnosis. For example, a high prevalence of 
these symptoms was observed up to 4 years after diagnosis 
of severe acute respiratory syndrome in 200333 and these 
symptoms were also reported following the 2015 outbreak 
of Middle East respiratory syndrome up to 12 months after 
diagnosis.34 However, disease severity was generally not 
addressed in these studies, which also were limited to 
patients admitted to hospital.34 Collectively, the existing 
literature suggests that the elevated relative risks of mental 
morbidities are not limited to COVID-19 but have also 
been reported after other previous pandemic infections.

Our findings suggest that almost a quarter of patients 
with a COVID-19 diagnosis had symptoms severe 
enough for them to be bedridden for 7 days or longer, 
which was associated with persistent long-term mental 
health symptoms.35 Our study participants were 
diagnosed with COVID-19 from February, 2020, to 
August, 2021; therefore, with the advent of vaccinations 
and new, reportedly weaker SARS-CoV-2 variants,35 the 
proportion of patients with COVID-19 with a severe 
course of acute illness might be lower in more recently 
infected individuals.

Figure 1: Mental health indicators among individuals with a diagnosis of COVID-19 compared with individuals without a COVID-19 diagnosis
C19-Resilience=The Icelandic COVID-19 National Resilience Cohort. DBDS=The Danish Blood Donor Study. EstBB-C19=The Estonian Biobank COVID-19 Cohort. 
MAP-19=The Norwegian COVID-19, Mental Health and Adherence Project. MoBa=The Norwegian Mother, Father and Child Cohort Study. PR=prevalence ratio.
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The persistent elevated symptom levels of depression 
and anxiety among patients with COVID-19 who were 
bedridden for 7 days or longer could be due to several 
mechanisms. This could include the worry of having 
infected others9 and the unpredictable prognosis of 
COVID-19 (eg, worrying about long-term health effects, 
or even death8). However, such psychological mech-
anisms might be expected to lead to transient mental 
health symptoms that attenuate with time (ie, with 
recovery of physical symptoms of the illness). Indeed, the 
observed increase in symptoms of COVID-19-related 
distress in this group of patients might be indicative of 

such psychological mechanisms as the symptoms 
attenuated quickly after 2 months of diagnosis. By 
contrast, the persistent symptoms of depression and 
anxiety among individuals who were bedridden for 7 days 
or longer might be due to continued physical long 
COVID symptoms where functional limitations, perhaps 
limiting social contact, might cause worry and a sense of 
helplessness.13 Alternatively, the inflammatory processes 
among patients with severe acute illness could also affect 
the risk of persistent mental health symptoms.4,11 Indeed, 
inflammation associated with chronic36 and infectious37 
diseases have previously been linked with development 

Figure 2: Mental health indicators among individuals with a diagnosis of COVID-19 compared with individuals without a COVID-19 diagnosis by illness 
severity (time bedridden)
C19-Resilience=The Icelandic COVID-19 National Resilience Cohort. DBDS=The Danish Blood Donor Study. EstBB-C19=The Estonian Biobank COVID-19 Cohort. 
MAP-19=The Norwegian COVID-19, Mental Health and Adherence Project. MoBa=The Norwegian Mother, Father and Child Cohort Study. PR=prevalence ratio. 
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of mental morbidities, particularly depression. Such 
mental morbidities have also been reported to persist 
after reduction in inflammation.38 Hospital admission 
represents another severity indicator of acute COVID-19 
illness in our study; whether the high prevalence of 
depression in this group is mediated by aforementioned 
inflammatory processes, social isolation, or both, 
remains to be further elucidated.

By contrast, we found that a mild course of acute illness 
(ie, never bedridden) was associated with a persistently 
lower risk of adverse mental health outcomes throughout 
the follow-up period. Several factors might contribute to 

this pattern. For example, individuals with a mild 
COVID-19 infection were able to return to somewhat 
more normal lives after the benign infection as compared 
with their more severely impacted counterparts who still 
could be restrained by fear of ongoing symptoms. Also, 
the extended duration of official gathering restrictions 
might have had less impact on the mental health of 
recovered asymptomatic COVID-19 patients than the 
general population, as they could, for example, visit 
relatives without the fear of infecting them. It is also 
possible that individuals with a low risk of mental 
morbidities before the pandemic had a less severe 

Figure 3: Mental health indicators among individuals with a diagnosis of COVID-19 compared with individuals without COVID-19 by time since diagnosis
C19-Resilience=The Icelandic COVID-19 National Resilience Cohort. DBDS=The Danish Blood Donor Study. EstBB-C19=The Estonian Biobank COVID-19 Cohort. 
MAP-19=The Norwegian COVID-19, Mental Health and Adherence Project. MoBa=The Norwegian Mother, Father and Child Cohort Study. PR=prevalence ratio. 

PR (95% CI) PR (95% CI)

DBDS (Denmark)

EstBB-C19 (Estonia)

C19-Resilience (Iceland)

MAP-19 (Norway)

MoBa (Norway)

Omtanke2020 (Sweden)

CovidLife (UK)

Overall

10 2 10 2

Depressive symptoms Anxiety symptoms

PRPR

DBDS (Denmark)

C19-Resilience (Iceland)

MAP-19 (Norway)

Omtanke2020 (Sweden)

Overall

DBDS (Denmark)

EstBB-C19 (Estonia)

C19-Resilience (Iceland)

MAP-19 (Norway)

MoBa (Norway)

Omtanke2020 (Sweden)

CovidLife (UK)

Overall

EstBB-C19 (Estonia)

C19-Resilience (Iceland)

MoBa (Norway)

Omtanke2020 (Sweden)

CovidLife (UK)

Overall

COVID–19-related distress symptoms Poor sleep quality

Months since diagnosis
0 to 2 >2 to 6 >6 to 16

1·64 (1·33–2·03)
1·28 (0·95–1·73)
1·05 (0·65–1·70)
0·92 (0·82–1·04)
0·89 (0·77–1·03)
0·90 (0·61–1·33)
1·21 (1·02–1·45)
1·08 (0·81–1·45)
0·84 (0·43–1·65)
1·56 (0·82–2·98)
1·20 (0·80–1·80)
0·86 (0·54–1·38)
1·99 (0·72–5·45)
1·29 (0·77–2·17)

1·47 (1·03–2·10)
1·08 (0·96–1·22)
1·27 (1·16–1·38)
1·35 (0·96–1·90)
1·36 (0·99–1·87)
1·74 (0·59–5·17)
1·30 (1·07–1·59)
1·10 (0·97–1·26)
1·08 (0·88–1·32)

1·02 (0·68–1·54)
0·82 (0·46–1·47)

0·96 (0·84–1·09)
0·96 (0·83–1·11)
1·05 (0·72–1·53)
1·13 (0·90–1·42)
0·77 (0·51–1·15)
0·21 (0·07–0·65)
1·16 (0·42–3·21)
0·65 (0·32–1·32)
0·87 (0·48–1·58)
0·59 (0·15–2·28)
1·77 (0·89–3·50)

0·98 (0·59–1·64)
0·85 (0·72–1·00)
1·03 (0·92–1·16)
1·38 (0·93–2·05)
1·07 (0·70–1·65)
2·00 (0·67–5·97)
1·04 (0·92–1·17)
0·91 (0·83–1·01)
1·02 (0·92–1·14)

0·98 (0·89–1·09)
1·07 (0·97–1·18)
1·19 (0·94–1·52)
1·08 (0·94–1·24)
1·04 (0·83–1·30)
0·74 (0·51–1·06)
1·15 (0·90–1·47)
1·36 (1·20–1·55)
1·35 (1·12–1·63)
1·23 (0·89–1·69)
1·12 (1·00–1·26)
1·13 (1·04–1·23)
1·04 (0·75–1·45)
1·23 (0·94–1·62)
1·39 (0·62–3·13)
1·05 (0·96–1·14)
1·16 (1·04–1·28)
1·14 (0·96–1·35)

1·14 (1·00–1·29)
1·19 (1·03–1·38)
1·06 (0·81–1·37)
1·23 (1·04–1·46)
0·86 (0·62–1·20)
0·36 (0·16–0·82)
0·95 (0·35–2·63)
0·94 (0·50–1·77)
0·83 (0·45–1·55)
1·45 (1·10–1·91)
0·94 (0·85–1·05)
0·96 (0·89–1·03)
1·20 (1·09–1·33)
1·01 (0·85–1·19)
0·96 (0·89–1·03)



Articles

www.thelancet.com/public-health   Vol 7   May 2022 e414

disease course after being infected with SARS-CoV-2, 
yielding the observed associations. Indeed, individuals 
with a history of psychiatric disorders have been reported 
to be at increased risk of being diagnosed with COVID-19 
as well as risk of adverse COVID-19 outcomes.12 In the 
current study, the prevalence of psychiatric disorders was 
slightly higher among individuals with COVID-19 than 
those without a diagnosis; thus we included this variable 
in all our regression models, and when considering the 
association between time bedridden during the acute 
illness and symptoms of long-term mental morbidities. 
Nevertheless, we cannot exclude the possibility of 
residual confounding—ie, that previous psychiatric 
vulnerabilities lead to more severe acute COVID-19, 
yielding the observed associations in our data. This 
potentially bidirectional association between psychiatric 
morbidity and COVID-19 requires further study through 
prospective designs.

The strengths of our study include the almost 
10 000 individuals from the general population of 
six European countries who self-reported a confirmed 
diagnosis of COVID-19 of varying disease severities 
(ranging from virtually no COVID-19 symptoms to 
intensive care unit admission) and the large comparison 
group without a COVID-19 diagnosis. Although many 
previous large studies are based on electronic health 
records, our study leveraged prospective data collections 
with validated measures of mental health indicators 
along with the extended spectra of considered covariates 
to diminish risks related to measurement bias and 
confounding. The limitations of our study include the 
self-reports of COVID-19 diagnosis and mental 
morbidities that are all to some extent inter-related and 
cannot be viewed as four independent phenotypes. 
Moreover, there were considerable differences in 
response periods of individuals with and without 
COVID-19. More than 75% of the comparison group 
responded between March and June, 2020, when there 
was still great fear and uncertainty about the implications 
of the disease, whereas responses of patients with 
COVID-19 accumulated from March, 2020, until 
August, 2021. However, the response periods were 
included in the multivariable models and should 
therefore not explain our findings completely. Individuals 
diagnosed with COVID-19 were on average younger than 
those not diagnosed with the disease, indicating that we 
might have missed some older patients with COVID-19, 
particularly those who had a severe disease course. If 
true, such selection would yield attenuated estimates of 
mental morbidity in the COVID-19 group. Another 
possible weakness pertains to the different recruitment 
strategies of the included cohorts, which could explain 
the somewhat varying cohort-specific results for some of 
the mental health outcomes. Some national cohorts 
specifically targeted individuals tested for or diagnosed 
with COVID-19 in their recruitment (ie, EstBB-C19 and 
C19-Resilience), whereas others did not. Yet, 4·0% of the 

total multinational cohort reported a confirmed diagnosis 
of COVID-19, which is in line with the prevalence in 
four of the six countries included in this study during the 
study period (appendix p 7). The prevalence ratios were 
somewhat similar across cohorts, independent of rec ruit-
ment strategies, suggesting an absence of substantial 
systematic bias. Finally, the exposed population of our 
study is limited to individuals who tested positive for 
SARS-CoV-2 infection; we have no information on 
infected individuals who were not tested for SARS-CoV-2.

In conclusion, in this study we found that severe 
COVID-19 acute illness was associated with long-term 
mental health symptomology among recovered patients. 
Although patients with mild acute COVID-19 illness are 
unlikely to have long-term mental health morbidities, 
more than a fifth of the included patients with COVID-19 
had a severe acute illness course (the large majority at 
home, although some in hospital), which was associated 
with persistent risks of depressive and anxiety 
symptoms up to 16 months after diagnosis. These 
findings motivate continued clinical vigilance and 
follow-up studies beyond the first year among 
individuals with the most severe symptomology after 
COVID-19 infections.
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Figure 4: Mental health indicators during the first 16 months after diagnosis of COVID-19 by time bedridden

0 to 2 months >2 to 6 months >6 to 16 months

0·5

1·0

1·5

2·0

2·5

Pr
ev

al
en

ce
 ra

tio

Time since diagnosis
0 to 2 months

COVID–19-related distress symptoms Poor sleep quality

>2 to 6 months >6 to 16 months

0·5

1·0

1·5

2·0

2·5

Pr
ev

al
en

ce
 ra

tio

Depressive symptoms Anxiety symptoms

Time since diagnosis

Bedridden
Never 1–6 days ≥7 days



Articles

e415 www.thelancet.com/public-health   Vol 7   May 2022

Harpa Rúnarsdóttir, Henrik Hjalgrim, Hrönn Harðardóttir, 
Juan González-Hijón, Karina Banasik, Khoa Manh Dinh, Li Lu, 
Lili Milani, Lill Trogstad, Maria Didriksen, Omid V Ebrahimi, 
Patrick F Sullivan, Per Minor Magnus, Qing Shen, Ragnar Nesvåg, 
Reedik Mägi, Runólfur Pálsson, Sisse Rye Ostrowski, Thomas Werge, 
Asle Hoffart, David J Porteous, Fang Fang, Jóhanna Jakobsdóttir, 
Kelli Lehto, Ole A Andreassen, Ole B V Pedersen, Thor Aspelund, 
Unnur Anna Valdimarsdóttir. 

Contributors
The COVIDMENT cohorts and their data collections were designed by 
IM, AL, ABU, CF-R, HA, KK, LANC, SUJ, OVE, AHo, DJP, FF, JJ, KL, 
OAA, OBVP, TA, UAV, and their respective teams. UAV, IM, and TA 
directed the combined effort of this study implementation. UAV, IM, JJ, 
and TA designed the analytical strategy in close collaboration with all 
team members and all authors helped to interpret the findings. IM, AL, 
ABU, DM, HA, KK, LANC, and SUJ conducted the literature review and 
drafted the manuscript under the supervision of UAV. All authors 
revised the manuscript for critical content and approved the final version 
of the manuscript. IM and TA had access to and verified all the data and 
all authors could access the data on request.

Declaration of interests
OAA has received a grant to their institution from Nordforsk and 
Research Council of Norway for the present manuscript. OAA has also 
received a grant to the institution for an entity other than the present 
manuscript from South East Norway Health Authority, KG Jebsen 
Stiftelsen, and National Institutes of Health, EU. OAA has received 
royalties for a textbook in psychiatry, consulting fees from HealthLytix 
and Milken Institute, payment for lectures from Sunovion and 
Lundbeck, and payment for expert testimony from the Norwegian 
Court. Outside of this work, OAA has a patent for a devise for nasal 
delivery. OAA has participated at his institution on boards for local 
principal investigator Clinical Trial Janssen, local principal investigator 
Clinical Trial MAPS, and local principal investigator Clinical Trial 
Boehringer. UAV has received grants for the current work from 
Nordforsk and Horizon2020 as well as grants outside the current work 
from the Icelandic Research Fund, Swedish Research Council, Swedish 
Cancer Society, and the European Research Council. All other authors 
declare no competing interests.

Data sharing
The individual-level data underlying this article were subject to ethical 
approval and cannot be shared publicly due to data protection laws in 
each participating country.

Acknowledgments
This work was primarily supported with grants from Nordforsk 
(CovidMent, 105668) and Horizon2020 (CoMorMent, 847776). HA was 
supported by the Research Council of Norway (RCN 324 620), the MoBa 
COVID-19 data collection was supported by RCN (312 721), and OAA was 
supported by RCN (273 291, 223 273). Generation Scotland received core 
support from the Chief Scientist Office of the Scottish Government 
Health Directorates (CZD/16/6) and the Scottish Funding Council 
(HR03006) and is currently supported by the Wellcome Trust 
(216767/Z/19/Z). Recruitment to the CovidLife study was facilitated by 
SHARE—the Scottish Health Research Register and Biobank. 
DBDS data collection was funded by the Independent Research Fund 
Denmark (0214-00127B). SHARE is supported by NHS Research 
Scotland, the Universities of Scotland and the Chief Scientist Office of 
the Scottish Government. The research in the Estonian Biobank was 
supported by the EU through the European Regional Development Fund 
(project number 2014-2020.4.01.15-0012), and the Estonian Research 
Council through grant number PSG615, the programme Mobilitas Pluss 
(MOBTP142), funding of Estonian subproject of NordForsk project 
number 105668, and National Programme for Addressing Socio-
Economic Challenges through Research and Development (RITA), 
supported by the Estonian Government and European Regional 
Development Fund (RITA1/02-112).

References
1 Sykes DL, Holdsworth L, Jawad N, Gunasekera P, Morice AH, 

Crooks MG. Post-COVID-19 symptom burden: what is long-COVID 
and how should we manage it? Lung 2021; 199: 113–19.

2 Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ. 6-month 
neurological and psychiatric outcomes in 236 379 survivors of 
COVID-19: a retrospective cohort study using electronic health 
records. Lancet Psychiatry 2021; 8: 416–27.

3 Dong F, Liu HL, Dai N, Yang M, Liu JP. A living systematic review 
of the psychological problems in people suffering from COVID-19. 
J Affect Disord 2021; 292: 172–88.

4 Mazza MG, De Lorenzo R, Conte C, et al. Anxiety and depression in 
COVID-19 survivors: role of inflammatory and clinical predictors. 
Brain Behav Immun 2020; 89: 594–600.

5 Deng J, Zhou F, Hou W, et al. The prevalence of depression, 
anxiety, and sleep disturbances in COVID-19 patients: 
a meta-analysis. Ann N Y Acad Sci 2021; 1486: 90–111.

6 Wu T, Jia X, Shi H, et al. Prevalence of mental health problems 
during the COVID-19 pandemic: a systematic review and 
meta-analysis. J Affect Disord 2021; 281: 91–98.

7 Nieto I, Navas JF, Vázquez C. The quality of research on mental 
health related to the COVID-19 pandemic: a note of caution after a 
systematic review. Brain Behav Immun Health 2020; 7: 100123.

8 Carvalho PMM, Moreira MM, de Oliveira MNA, Landim JMM, 
Neto MLR. The psychiatric impact of the novel coronavirus 
outbreak. Psychiatry Res 2020; 286: 112902.

9 Brooks SK, Webster RK, Smith LE, et al. The psychological impact 
of quarantine and how to reduce it: rapid review of the evidence. 
Lancet 2020; 395: 912–20.

10 Hossain MM, Tasnim S, Sultana A, et al. Epidemiology of mental 
health problems in COVID-19: a review. F1000 Res 2020; 9: 636.

11 Wang C, Pan R, Wan X, et al. A longitudinal study on the mental 
health of general population during the COVID-19 epidemic in 
China. Brain Behav Immun 2020; 87: 40–48.

12 Yang H, Chen W, Hu Y, et al. Pre-pandemic psychiatric disorders 
and risk of COVID-19: a UK Biobank cohort analysis. 
Lancet Healthy Longev 2020; 1: e69–79.

13 Al-Aly Z, Xie Y, Bowe B. High-dimensional characterization of 
post-acute sequelae of COVID-19. Nature 2021; 594: 259–64.

14 Brodin P. Immune determinants of COVID-19 disease presentation 
and severity. Nat Med 2021; 27: 28–33.

15 Unnarsdóttir AB, Lovik A, Fawns-Ritchie C, et al. Cohort profile: 
COVIDMENT: COVID-19 cohorts on mental health across 
six nations. Int J Epidemiol 2021; published online Nov 20. 
https://doi.org/10.1093/ije/dyab234.

16 Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief 
depression severity measure. J Gen Intern Med 2001; 16: 606–13.

17 Aluoja A, Shlik J, Vasar V, Luuk K, Leinsalu M. Development and 
psychometric properties of the Emotional State Questionnaire, 
a self-report questionnaire for depression and anxiety. 
Nord J Psychiatry 1999; 53: 443–49.

18 Ööpik P, Aluoja A, Kalda R, Maaroos H-I. Screening for depression 
in primary care. Fam Pract 2006; 23: 693–98.

19 Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for 
assessing generalized anxiety disorder: the GAD-7. Arch Intern Med 
2006; 166: 1092–97.

20 Prins A, Bovin MJ, Smolenski DJ, et al. The Primary Care PTSD 
Screen for DSM-5 (PC-PTSD-5): development and evaluation within 
a veteran primary care sample. J Gen Intern Med 2016; 31: 1206–11.

21 Weathers FW, Litz BT, Herman DS, Huska JA, Keane TM. 
The PTSD Checklist (PCL): reliability, validity, and diagnostic utility. 
Annual convention of the International Society for Traumatic Stress 
Studies; January, 1993: San Antonio, TX.

22 Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. 
The Pittsburgh Sleep Quality Index: a new instrument for 
psychiatric practice and research. Psychiatry Res 1989; 28: 193–213.

23 Popkin BM, Du S, Green WD, et al. Individuals with obesity and 
COVID-19: a global perspective on the epidemiology and biological 
relationships. Obes Rev 2020; 21: e13128.

24 Patanavanich R, Glantz SA. Smoking is associated with COVID-19 
progression: a meta-analysis. Nicotine Tob Res 2020; 22: 1653–56.

25 Wootton RE, Richmond RC, Stuijfzand BG, et al. Evidence for 
causal effects of lifetime smoking on risk for depression and 
schizophrenia: a Mendelian randomisation study. Psychol Med 2020; 
50: 2435–43.

26 Simon GE, Von Korff M, Saunders K, et al. Association between 
obesity and psychiatric disorders in the US adult population. 
Arch Gen Psychiatry 2006; 63: 824–30.



Articles

www.thelancet.com/public-health   Vol 7   May 2022 e416

27 Chen W, Qian L, Shi J, Franklin M. Comparing performance 
between log-binomial and robust Poisson regression models for 
estimating risk ratios under model misspecification. 
BMC Med Res Methodol 2018; 18: 63.

28 Zou G. A modified Poisson regression approach to prospective 
studies with binary data. Am J Epidemiol 2004; 159: 702–06.

29 Zou GY, Donner A. Extension of the modified Poisson regression 
model to prospective studies with correlated binary data. 
Stat Methods Med Res 2013; 22: 661–70.

30 Viechtbauer W. Conducting meta-analyses in R with the metafor 
package. J Stat Softw 2010; 36: 1–48.

31 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ 2003; 327: 557–60.

32 Huang L, Yao Q, Gu X, et al. 1-year outcomes in hospital survivors 
with COVID-19: a longitudinal cohort study. Lancet 2021; 
398: 747–58.

33 Lam MH-B, Wing Y-K, Yu MW-M, et al. Mental morbidities and 
chronic fatigue in severe acute respiratory syndrome survivors: 
long-term follow-up. Arch Intern Med 2009; 169: 2142–47.

34 Park HY, Park WB, Lee SH, et al. Posttraumatic stress disorder and 
depression of survivors 12 months after the outbreak of Middle East 
respiratory syndrome in South Korea. BMC Public Health 2020; 
20: 605.

35 Christensen PA, Olsen RJ, Long SW, et al. Signals of significantly 
increased vaccine breakthrough, decreased hospitalization rates, 
and less severe disease in patients with COVID-19 caused by the 
omicron variant of SARS-CoV-2 in Houston, Texas. Am J Pathol 2022; 
published online Feb 3. https://doi.org/10.1016/j.ajpath.2022.01.007.

36 Raison CL, Capuron L, Miller AH. Cytokines sing the blues: 
inflammation and the pathogenesis of depression. Trends Immunol 
2006; 27: 24–31.

37 Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW. 
From inflammation to sickness and depression: when the immune 
system subjugates the brain. Nat Rev Neurosci 2008; 9: 46–56.

38 Lwin MN, Serhal L, Holroyd C, Edwards CJ. Rheumatoid arthritis: 
the impact of mental health on disease: a narrative review. 
Rheumatol Ther 2020; 7: 457–71.


	Acute COVID-19 severity and mental health morbidity trajectories in patient populations of six nations: an observational study
	Introduction
	Methods
	Study design and participants
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


