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Summary The Lancet Regional
Background Although the persistence of physical symptoms after SARS-CoV-2 infection is a major public health gg;?:s i‘:)rg;’;
concern, evidence from large observational studies beyond one year post diagnosis remain scarce. We aimed to o
assess the prevalence of physical symptoms in relation to acute illness severity up to more than 2-years after Published Online 27

. . October 2023
diagnosis of COVID-19. https://doi.org/10.

1016/j.lanepe.2023.
Methods This multinational study included 64,880 adult participants from Iceland, Sweden, Denmark, and Norway with 100756

self-reported data on COVID-19 and physical symptoms from April 2020 to August 2022. We compared the prevalence of
15 physical symptoms, measured by the Patient Health Questionnaire (PHQ-15), among individuals with or without a
confirmed COVID-19 diagnosis, by acute illness severity, and by time since diagnosis. We additionally assessed the
change in symptoms in a subset of Swedish adults with repeated measures, before and after COVID-19 diagnosis.
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Findings During up to 27 months of follow-up, 34.5% participants (22,382/64,880) were diagnosed with COVID-19.
Individuals who were diagnosed with COVID-19, compared to those not diagnosed, had an overall 37% higher
prevalence of severe physical symptom burden (PHQ-15 score >15, adjusted prevalence ratio [PR] 1.37 [95%
confidence interval [CI] 1.23-1.52]). The prevalence was associated with acute COVID-19 severity: individuals
bedridden for seven days or longer presented with the highest prevalence (PR 2.25 [1.85-2.74]), while individuals
never bedridden presented with similar prevalence as individuals not diagnosed with COVID-19 (PR 0.92
[0.68-1.24]). The prevalence was statistically significantly elevated among individuals diagnosed with COVID-19
for eight of the fifteen measured symptoms: shortness of breath, chest pain, dizziness, heart racing, headaches,
low energy/fatigue, trouble sleeping, and back pain. The analysis of repeated measurements rendered similar
results as the main analysis.

Interpretation These data suggest an elevated prevalence of some, but not all, physical symptoms during up to more
than 2 years after diagnosis of COVID-19, particularly among individuals suffering a severe acute illness, highlighting

the importance of continued monitoring and alleviation of these targeted core symptoms.

Funding This work was mainly supported by grants from NordForsk (COVIDMENT, grant number 105668 and
138929) and Horizon 2020 (CoMorMent, 847776). See Acknowledgements for further details on funding.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

As the majority of the global population has contracted
COVID-19, persistence of physical symptoms after SARS-CoV-
2 infection (Long COVID or post COVID-19 condition) has
become a major public health concern. We searched PubMed
for studies assessing physical symptoms after COVID-19,
published by August 23, 2023. The search term was (physical
symptoms after covid) AND LitCLONGCOVID [Pubmed filter].
We reviewed 99 studies, after excluding those not on humans
or not published in English. High prevalence of multiple
physical symptoms, mainly fatigue, shortness of breath,
headache, muscle and chest pain, has been reported, mostly
based on selected populations, samples of hospitalized
patients confined to three months to one year after diagnosis.
A comprehensive assessment of long-term prevalence of
physical symptoms beyond one year after diagnosis and
among non-hospitalized patients is lacking.

Added value of this study

We included 64,880 participants from the general population
of four Nordic countries, of whom 22,382 had been
diagnosed with COVID-19 up to 2 years earlier (<1%
hospitalized due to COVID-19). Individuals diagnosed with

Introduction

The COVID-19 pandemic continues to have substantial
public health consequences three years after its outbreak
in 2020. As of August 2023, more than 694 million in-
dividuals worldwide have been infected by the SARS-
CoV-2 virus' and an estimated 10-20% of these

COVID-19 reported a 37% higher prevalence of overall severe
physical symptom burden compared to individuals not
diagnosed with COVID-19. We found that shortness of breath,
chest pain, dizziness, headaches, and low energy/fatigue were
particularly increased among individuals with COVID-19
diagnosis. Individuals bedridden for seven days or more
during the acute illness phase (9.6% of the patients) showed
the greatest and most persistent elevation in prevalence of
severe physical symptoms while individuals not bedridden
during the acute COVID-19 illness showed no increase in
prevalence of physical symptoms compared to those not
diagnosed.

Implications of all the available evidence

Our findings provide timely and valuable evidence to
demonstrate the constitution of Long COVID and the long-
term health consequences after recovery from COVID-19 in
the general population. The long-term risk of severe physical
symptom burden is distinctly associated with acute illness
severity, highlighting the importance of sustained monitoring
of physical symptoms among the group of patients who
suffered severe acute illness course.

individuals will continue to experience a variety of
symptoms after recovery.’ The presence of long-term
symptoms persisting beyond two months after
infection has been recognized as Long COVID or post-
COVID-19 condition.** In addition to flulike symp-
toms, studies suggest that other physical symptoms can
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extend beyond the disease course,*” including fa-
tigue,**” shortness of breath,"” headache,** and myalgias
and chest pain.“*> Many observational studies are based
on small patient samples or selected populations,'"
with less than one year of follow-up post-diagnosis
and, notably, focused on hospitalized patients.” General
population data on the prevalence of physical symptoms
after COVID-19 diagnosis over a longer period of time is
lacking, especially by measures of acute illness
severity.** Importantly, the absence of comparison to
populations without a confirmed COVID-19 diagnosis
has largely limited the interpretation of these find-
ings.**"" Also, the use of validated instruments to
quantify physical symptom severity is needed because
assessment of individual physical symptoms has varied
greatly in the literature,””* making it difficult for direct
comparisons.

With this background, we leveraged data from four
Nordic cohorts of the COVIDMENT Consortium™ to
investigate the prevalence of physical symptom burden
up to 27 months following a COVID-19 diagnosis with a
focus on analysing the severity of acute COVID-19
illness and time since diagnosis. We further utilized
repeated measures of the physical symptoms to assess
the change in the prevalence of physical symptoms
before and after COVID-19 diagnosis in a subset of
adult study participants in Sweden.

Methods

Study population and design

We included four cohorts from the COVIDMENT
Consortium with data collection on physical symptoms:
1) The Icelandic COVID-19 National Resilience Cohort
(C-19 Resilience), which was established in April 2020
with two waves of data collection through August 2021.
All adult Icelandic and English-speaking individuals
who had an Icelandic electronic ID were eligible for
participation. The C-19 Resilience cohort is over-
represented by women, with a higher age and educa-
tion than the general population; 2) The Swedish
Omtanke2020 Study was established in June 2020, and
collected monthly data on physical symptoms from July
2021 to February 2022, with yearly follow-ups thereafter.
Eligible participation was all adult residents of Sweden
with the electronic identification BankID. Omtanke2020
is over-representative of women, ages 40-69 years, and
individuals living in an urban area; 3) The Norwegian
COVID-19, Mental Health and Adherence Project
(MAP-19) is a 9-wave longitudinal study initiated from
March 2020, with additional information on physical
symptoms collected in March 2022. It recruited adult
residents across all age groups, and was found to be
representative of the Norwegian adult population'’; and
4) The Danish Blood Donor Study (DBDS) is an ongoing
nationwide cohort study including blood doners at the
time of blood donation.””? Additional questionnaires
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were sent out to participants regarding long-term health
changes related to COVID-19 from June to August 2022.
The DBDS is slightly over-sampled by men, individuals
of higher age and education. All study participants from
the four cohorts provided electronic informed consent.
Ethical approvals were obtained for each participating
cohort from national or regional bioethics committees
(Supplementary Table S1). After exclusion of study
participants with incomplete information on COVID-19
diagnosis and incomplete assessment of physical
symptoms, 64,880 individuals were included for further
analysis: N = 14,358 from C-19 Resilience, N = 18,190
from the Omtanke2020, N = 3310 from MAP-19, and
N = 29,958 from the DBDS (Supplementary Figure S1
flowchart).

Data collection and assessment

COVID-19 diagnosis was assessed by self-reported
SARS-CoV-2 infection from a positive RT-PCR test.
Participants who reported a confirmed diagnosis of
COVID-19 during the study period were referred to as
the COVID group whereas the remaining participants
were referred to as the non-COVID group. Time since
diagnosis was defined as the time interval between the
reported date of diagnosis and physical symptom data
collection, and was coded as 0-2 months, 3-5 months,
6-9 months, and 10-27 months (up to 16 months in C-
19 Resilience, up to 22 months in Omtanke2020, up to
24 months in MAP-19, and up to 27 months in DBDS).
The illness severity during the acute phase of COVID-19
was determined by self-reported number of days
confined to bed (administered options in questionnaire:
not bedridden, bedridden 1-6 days, or bedridden 7 days
or longer), and hospitalization due to COVID-19 infec-
tion (yes or no), in line with our previous work."

All four cohorts used the 15-item Patient Health
Questionnaire (PHQ-15) to measure the severity of
physical symptoms most commonly recognized in
outpatient settings. The questionnaire was harmonized
and administrated in the language of the respective
country of each cohort. The PHQ-15 is a widely used
instrument and has been validated in different pop-
ulations.” Each symptom is scored as 0 (“not bothered
at all”), 1 (“bothered a little”), or 2 (“bothered a lot”)."
Consistent with previous studies, a cut-off of PHQ-15
score >15 was defined as experiencing severe physical
symptom burden (termed as severe symptoms) in our
study, as this score indicates severe symptomology.'®'”
We used multiple imputation to estimate the individ-
ual physical symptom responses for participants who
had missing values in the 15 items (missingness up to
25%, or 4 responses, per individual). Multiple imputa-
tion was performed using the R package MICE in C-19
Resilience and DBDS, using predictive mean matching
method.” In Omtanke2020, multiple imputation was
performed in SAS using proc mi using the fully con-
ditional specification (FCS) regression method."” Those
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with more than 25% missingness in the PHQ-15 were
excluded from the analysis. Because data on physical
symptoms was collected prospectively, we used assess-
ments since enrolment for the non-COVID group, and
since diagnosis for the COVID group.

Several covariates were included in the analysis, when
available (Supplementary Table S1). The included cova-
riates were age (discrete numeric in years), gender (male,
female, or other), average monthly income (low, low-
medium, medium, medium-high, or high income; not
available in Omtanke2020), residency (capital or else-
where), relationship status (single or in a relationship; not
available in DBDS), body mass index (BMI, categorized as
<25 kg/m? [normal or underweight], 25-30 kg/m? [over-
weight], or >30 kg/m” [obese]), current smoking (no or
yes), habitual drinking (no or yes), history of psychiatric
disorder (no or yes), pre-existing somatic comorbidity (no,
one or more comorbidities), and response period (June
2020 or earlier, July—September 2020, October-December
2020, January—March 2021, April-June 2021, July-
September 2021, October-December 2021, or January
2022 or after). We also included variables of current
mental health status measured at the same survey (no or
yes) for potential depression (Patient Health Question-
naire (PHQ-9)), anxiety (General Anxiety Disorder (GAD-
7)) and COVID-19-related distress symptoms (Primary
Care PTSD Screen for DSM-5 (PC-PTSD-5) and the PTSD
checklist for DSM-5; not available in DBDS), as described
in our previous study.' Covariates with missing values
were grouped as a separate level.

Statistical analysis

We first described the distribution of the above covariates
between the COVID group and non-COVID group, as
well as by acute illness severity and time since diagnosis
for the COVID-19 group. We conducted a cross-sectional
analysis comparing the prevalence of severe symptoms
(PHQ-15 >15) in the COVID group, overall and by illness
severity (bedridden and hospitalization) and time since
diagnosis, to that of the non-COVID group. We applied a
robust (modified) Poisson regression model to estimate
prevalence ratios (PRs) with 95% confidence intervals
(CIs), with a quasi-likelihood model used to fit a binary
outcome.” A sandwich estimator with exchangeable
working correlation structure was applied in the model to
control for intra-individual correlation when repeated
measures were available.”” The PRs were calculated in
crude models and then in adjusted models controlling for
age, gender, average monthly income, residency, rela-
tionship status, BMI, current smoking, habitual drinking,
previous diagnosis of psychiatric disorder, pre-existing
somatic comorbidity, and response period. Covariates
not measured in an individual cohort were not adjusted
for in the analysis of that cohort. All analyses were per-
formed among individuals with complete information on
variables. We also stratified by gender, age, mental health
indicators, and pre-existing somatic comorbidity to

investigate if these factors would modify the association
between COVID-19 and severe symptoms. To evaluate the
influence of vaccination on physical symptoms, we
further calculated the PR in C-19 Resilience and
Omtanke2020 cohorts by restricting the analysis to those
ever reported being partly or fully vaccinated. To investi-
gate of the associations for individual symptoms, we
estimated PRs for the 15 measured symptoms individu-
ally, analysing separately reporting being “bothered a lit-
tle” or being “bothered a lot”. The Bonferroni correction
method was used to correct the P values for multiple
testing. The analysis of PRs for reporting “bothered a lot”
was further performed by illness severity and by time
since diagnosis.

In the Swedish Omtanke2020 Study, a subset of in-
dividuals with a COVID-19 diagnosis had repeated mea-
sures of physical symptoms: one prior to and one
following their COVID-19 diagnosis (N = 398). We con-
ducted a pairwise analysis assessing the prevalence of
individual symptoms comparing postCOVID (first
response after diagnosis) to pre-COVID (last response
before diagnosis) measures, ie., pre-/post-COVID com-
parison. The pre-COVID measure was collected before
infection, and was used as the reference. The extension of
the modified Poisson regression models mentioned above
was performed to assess the difference in prevalence of
individual symptoms between the two time-points.

We performed the above analyses using a standard-
ized analysis protocol in all four cohorts, and finally, to
combine aggregated data from the cohorts, we meta-
analysed the output from each cohort with a random-
effects model using the metafor package in R to
estimate an overall result for all analyses.”” Heteroge-
neity of the findings was examined using the I* statis-
tic” Data management was done in SAS (v9.4) in
Omtanke2020. Statistical analyses were conducted in R
(version 4.0.5). This study is reported according to the
Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) checklist.

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. QS and UAV had full access to the Ice-
landic data, EEJ and FF had full access to the Swedish
data, OVE and SU]J had full access to the Norwegian
data, MD and OBVP had full access to the Danish data,
and take responsibility for the integrity and the accuracy
of the data in the respective cohort. The corresponding
authors had final responsibility for the decision to sub-
mit for publication, upon the approval from all authors.

Results

Baseline characteristics

Of the 64,880 participants, 22,382 (34.5%) reported
having been diagnosed with COVID-19. Persons with
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COVID-19 were younger, had a lower BMI, and had a
lower proportion of pre-existing psychiatric disorder and
somatic comorbidity, compared with the non-COVID
group (Table 1). The demographics varied across the
cohorts, with participants of MAP-19 being younger in
age and more likely to be single than participants of
other cohorts (Supplementary Table S2). Among per-
sons with COVID-19, 28.0% were bedridden during
acute infection (18.4% for 1-6 days; and 9.6% for 7 days
or more) and 1.0% were hospitalized (Table 1).

Physical symptom burden

The distribution of PHQ-15 scores for COVID and non-
COVID group were presented in Supplementary
Figure S2. After dichotomizing the score, the preva-
lence of severe symptoms was higher among the
COVID-19 group than the non-COVID group in all co-
horts (Supplementary Table S3): 16.0% vs. 9.7% in C-19
Resilience, 8.0% vs. 5.5% in Omtanke2020, 8.5% vs.
7.6% in MAP-19, and 1.6% vs. 1.2% in DBDS, with
MAP-19 and DBDS having larger proportion of partici-
pants infected with probable omicron variant
(Supplementary Figure S3). Compared with the non-
COVID group, individuals diagnosed with COVID-19
had an overall higher prevalence of severe symptoms
during the entire study period, in each cohort as well as
combined (overall adjusted PR 1.37 [95% CI 1.23-1.52],
I 43.2%; P < 0.001) (Fig. 1). The prevalence increase
was noted regardless of gender, age groups, existence
of depressive, anxiety or COVID-19 related distress
symptoms, or pre-existing somatic comorbidity
(Supplementary Figure S4). As the majority of the par-
ticipants reported being partly or fully vaccinated, we
found similar increase in prevalence when restricting
the analytic sample to vaccinated individuals
(Supplementary Tables S4 and S5). Higher prevalence
increase was observed for among individuals without
depressive or anxiety symptoms (Supplementary
Figure S4).

Longer time bedridden during acute infection was
associated with a higher prevalence of severe symptoms
in a dose-response manner, and the highest prevalence
was consistently observed up to 27 months after diag-
nosis among participants bedridden for 7 days or more
(combined results in Fig. 2 and Dby cohort in
Supplementary Figure S5A). A higher prevalence was
also observed among individuals hospitalized for
COVID-19 from 2 months to 22 months following
diagnosis (Supplementary Figure S5B).

When investigating individual symptoms, we found
the most prevalent symptoms to be headaches, low en-
ergy/fatigue, joint pain, trouble sleeping, and back pain
(Supplementary Table S6). Compared with the non-
COVID group, we found that a COVID-19 diagnosis
was associated with a higher prevalence of several
symptoms (Fig. 3A), including being bothered a lot due
to shortness of breath (PR 2.15 [1.37-3.38]), dizziness
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(PR 1.58 [1.41-1.76]), heart racing (PR 1.55 [1.27-1.89]),
headaches (PR 1.38 [1.23-1.54]), and back pain (PR 1.10
[1.05-1.17]) as well as being bothered a little due to chest
pain (PR 1.34 [1.15-1.56]), low energy/fatigue (PR 1.08
[1.04-1.13]), and trouble sleeping (PR 1.04 [1.02-1.06]).
Elevations in the prevalence of similar symptoms were
noted in individual cohorts except for DBDS, where less
symptoms were identified (Supplementary Figure S6).
We observed a consistently higher prevalence, particu-
larly for individuals bedridden 7 days or longer or hos-
pitalized for COVID-19, among 8 of the 15 measured
symptoms (Fig. 4, Supplementary Table S7 and
Supplementary Figure S7). There was no clear decline
in the prevalence increase over time for most symp-
toms, except for dizziness where the prevalence increase
declined over time.

Longitudinal analysis

The pairwise analysis of the subset of Omtanke2020
adult participants with pre- and post-COVID-19 mea-
sures of physical symptoms (n = 398, mean time in-
terval = 3.2 months) largely confirmed the results of our
cross-sectional analysis. As compared to before diag-
nosis, we observed an elevation of being bothered a lot
due to headaches (PR 2.03 [1.64-2.54]) and low energy/
fatigue (PR 1.36 [1.22-1.53]) after diagnosis of COVID-
19 as well as being bothered a little due to shortness
of breath (PR 1.45 [1.15-1.82]), chest pain (PR 1.76
[1.36-2.27]) and dizziness (PR 1.46 [1.22-1.74]) after
diagnosis of COVID-19 (Fig. 3B).

Discussion
In this multinational observational study, we found an
association between COVID-19 and persistence of se-
vere physical symptoms during the follow-up from
diagnosis to up to 27 months thereafter. Overall, per-
sons diagnosed with COVID-19 had a 37% higher
prevalence of severe symptoms compared with those not
diagnosed. The association was strongly modified by
acute COVID-19 illness severity, as the prevalence in-
crease was particularly great among individuals who
were bedridden 7 days or more. The higher prevalence
was observed for multiple symptoms, in particular
shortness of breath, chest pain, dizziness, headaches,
and low energy/fatigue. This finding was similarly
identified in a longitudinal analysis comparing severe
symptoms before and afier diagnosis in Sweden. The
persistently increased prevalence of multiple symptoms
more than two years following severe COVID-19 dem-
onstrates the importance of a sustained monitoring of
targeted physical symptoms in this patient group.
Long-term sequela following COVID-19 have been
discussed continuously since the beginning of the
pandemic. However, inconsistent definitions of post-
COVID condition and a lack of comparison to in-
dividuals without COVID-19 diagnosis have made it
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Individuals NOT diagnosed with COVID-19
N (%)

Individuals diagnosed with COVID-19
N (%)

Total
C-19 Resilience (IS)
Omtanke2020 (SE)
MAP-19 (NO)
DBDS (DK)
Gender
Male
Female
Other
Missing
Age
Mean, years (SD)
18-29 years
30-39 years
40-49 years
50-59 years
60-69 years
70 years or older
Missing
Average monthly income
Low income
Low-medium income
Medium income
Medium-high income
High income
Missing
Not measured®
Residence”
Capital area
Elsewhere
Missing or abroad
Relationship status
Single
In a relationship
Missing
Not measured”
BMI (kg/m?)
<25 normal or low weight
25-30 overweight
>30 obese
Missing
Current smoking status
No
Yes
Missing
Habitual drinking
No
Yes
History of psychiatric disorder
No
Yes

Missing

42,498

13,284 (31.0%)
14,841 (34.7%)
1701 (4.0%)
12,672 (29.6%)

13,290 (31.3%)
29,114 (68.5%)
80 (0.2%)
14 (<0.1%)

54 (14.7)

3334 (7.8%)
5117 (12.0%)
6776 (15.9%)
9979 (23.5%)
10,309 (24.3%)
6968 (16.4%)
14 (<0.1%)

5499 (12.9%)
6261 (14.7%)
6362 (15.0%)
4731 (11.1%)
3606 (8.5%)
1198 (2.8%)
14,841 (34.9%)

21,544 (50.7%)
20,735 (48.8%)
219 (0.5%)

7925 (18.6%)
21,660 (51.0%)
241 (0.6%)
12,672 (29.8%)

17,591 (41.4%)
14,904 (35.1%)
8708 (20.5%)
1295 (3.0%)

36,848 (86.7%)
5236 (12.3%)
414 (1.0%)

35,455 (83.4%)
7043 (16.6%)

31,186 (73.4%)
10,705 (25.2%)
607 (1.4%)

22,382

1074 (4.7%)
3349 (14.5%)
1609 (7.0%)
16,350 (71.0%)

8507 (38.0%)
13,856 (61.9%)
13 (0.1%)

6 (<0.1%)

49 (11.7)
2617 (11.7%)
3771 (16.8%)
4696 (21.0%)
5510 (24.6%)
4005 (17.9%)
1776 (7.9%)
7 (<0.1%)

2786 (12.4%)
3815 (17.0%)
4463 (19.9%)
3605 (16.1%)
3848 (17.2%)
516 (2.3%)

3349 (15.0%)

9752 (43.6%)
12,589 (56.2%)
41 (0.2%)

1593 (7.1%)
4380 (19.6%)
59 (0.3%)
16,350 (73.0%)

10,090 (45.1%)
8035 (35.9%)
3858 (17.2%)
399 (1.8%)

20,279 (90.6%)
2013 (9.0%)
90 (0.4%)

18,584 (83.0%)
3798 (17.0%)

18,472 (82.5%)
3790 (16.9%)
120 (0.5%)

(Table 1 continues on next page)
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Individuals NOT diagnosed with COVID-19
N (%)

Individuals diagnosed with COVID-19
N (%)

(Continued from previous page)
Pre-existing comorbidity
No
Yes
Missing
Current depressive symptoms*
No
Yes
Missing
Current anxiety symptoms"®
No
Yes
Missing

No
Yes
Missing
Not measured”
Response period
June 2020 or earlier
July-September 2020
October-December 2020
January-March 2021
April-June 2021
July-September 2021
October-December 2021
January 2022 or after
lliness severity—time bedridden
Not bedridden
Bedridden 1-6 days
Bedridden 7 days or more
Missing
lliness severity—hospitalization
Not hospitalized
Hospitalized
Missing or not measured
Time since COVID-19 diagnosis
0-2 months
3-5 months
6-9 months
>10 months
Missing
Vaccination status’
None
Partly or fully vaccinated
Missing

Current COVID-19 related distress symptoms®

30,027 (70.7%)
12,156 (28.6%)
315 (0.7%)

36,174 (85.1%)
5446 (12.8%)
878 (2.1%)

38,805 (91.3%)
3360 (7.9%)
333 (0.8%)

21,531 (50.7%)
7961 (18.7%)
334 (0.8%)
12,672 (29.8%)

12,744 (30.0%)
136 (0.3%)
363 (0.9%)

37 (0.1%)

4 (0.0%)
10,072 (23.7%)
1970 (4.6%)
17,172 (40.4%)

1358 (3.2%)
35,820 (84.3%)
5320 (12.5%)

18,299 (81.8%)
3964 (17.7%)
119 (0.5%)

19,397 (86.7%)
2644 (11.8%)
341 (1.5%)

21,146 (94.5%)
1209 (5.4%)
27 (0.1%)

4840 (21.6%)
1163 (5.2%)
29 (0.1%)
16,350 (73.0%)

235 (1.0%)

6 (0.0%)

178 (0.8%)
618 (2.8%)

37 (0.2%)
1434 (6.4%)
423 (1.9%)
19,451 (86.9%)

15,027 (67.1%)
4127 (18.4%)
2148 (9.6%)
1080 (4.8%)

20,670 (92.4%)
230 (1.0%)
1482 (6.6%)

3150 (14.1%)
10,879 (48.6%)
4822 (21.5%)
3242 (14.5%)
289 (1.3%)

1074 (4.8%)
20,329 (90.8%)
979 (4.4%)

“Average monthly income was not measured in Omtanke2020 (SE). Relationship status and current COVID-19-related distress symptoms were not measured in DBDS (DK).
PMissing or abroad refers to either missing in four cohorts or reported as living abroad in C-19 Resilience (IS). “Current depressive symptoms were measured using Patient
Health Questionnaire (PHQ-), with recommended cut-off of >10 indicating Yes to potentially having this condition in all cohorts. Current anxiety symptoms were
measured using General Anxiety Disorder (GAD-7) in C-19 Resilience (IS), Omtanke2020 (SE) and MAP-19 (NO), while measured by Angst-Symptom-Spergeskemaet (ASS)
in DBDS (DK), with a recommended cut-off of >10 indicating Yes to having this condition. *Current COVID-19-related distress symptoms were measured using the modified
Primary Care PTSD Screen for DSM-5 (PC-PTSD-5) with a recommended cut-off of >4, and the PTSD checklist for DSM-5 (PCL-5), indicating Yes to having this condition.
fEvaluated at the time of physical symptom response.

Table 1: Background characteristics of 64,880 study participants NOT diagnosed or diagnosed with COVID-19.
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Prevalence ratio
C-19 Resilience (IS) 1.60(1.35 to 1.89)
Omtanke2020 (SE) 1.29(1.14 to 1.45)
MAP-19 (NO) 1.37(1.14 to 1.66)
DBDS (DK)

1.26(1.04 to 1.53)

Overall 1.37(1.23 to 1.52)

0 1 2 3
Prevalence ratio

C-19 Resilience (1S) Omtanke2020 (SE) MAP-19 (NO) DBDS (DK) Overall

Fig. 1: Prevalence ratio (95% confidence interval) of severe
physical symptom burden (PHQ-15 >15) among individuals with
COVID-19 compared with individuals NOT diagnosed with
COVID-19 in the four cohorts, and a meta-analysis (I 43.2%)"
“Prevalence ratios were adjusted for age, gender, residency, average
monthly income, current smoking, BMI, pre-existing comorbidity,
relationship status, habitual drinking, previous diagnosis of psychi-
atric disorder, and response period. Income was not available in
Omtanke2020 (SE), and relationship status was not available in
DBDS (DK).

difficult to comprehensively assess the long-term health
impact of this infection. To our knowledge, this is one of
the few largest cohort studies to quantify risks of com-
mon physical symptoms among individuals diagnosed
with COVID-19 in the general population using

Prevalence ratio
%)
H—o—
I e
B

,,,,,,,, §§

L a

e

3-5 months 6-9 months 10-27 months

Time since diagnosis

0-2 months

® Not bedridden Bedridden for 1-6 days @ Bedridden for 7+ days

Fig. 2: Prevalence ratio (95% confidence interval) of severe
physical symptom burden (PHQ-15 >15) among people with
COVID-19 compared with people NOT diagnosed with COVID-19,
by illness severity (bedridden) according to time from diagnosis,
a meta-analysis combining four cohorts®. *Number of study sub-
jects per group is located in Supplementary Table S3. Individuals with
missing information on time since diagnosis or illness severity were
excluded from this analysis (as shown in Table 1). Prevalence ratios
were adjusted for age, gender, residency, average monthly income,
current smoking, BMI, pre-existing comorbidity, relationship status,
habitual drinking, previous diagnosis of psychiatric disorder, and
response period. Income was not available in Omtanke2020 (SE), and
relationship status was not available in DBDS (DK).

validated assessment tool. Our finding of increased risk
of long-term severe symptoms is consistent with previ-
ous studies mostly based on hospitalized patients* with
a relatively short follow-up time of below”* or around*
one year, and without a comparison to the population
free of COVID-19.%**** Consistent with our previous
study,”* we utilized self-reported number of days
bedridden in addition to hospitalization as a proxy for
illness severity. As a result, we assessed severity of the
acute phase of COVID-19 among non-hospitalized pa-
tients (92.4% of the COVID), which is usually not tar-
geted in existing studies.”” Individuals with severe
acute COVID-19, particularly those who were bedridden
7 days or longer (9.6% of the COVID group) or hospi-
talized (1.0% of the COVID group), had a greater in-
crease in prevalence of severe symptoms, while those
with a milder infection (not bedridden at all) showed
none or only a marginal (bedridden 1-6 days) increase
in such prevalence. The finding on no risk increase
among persons with milder infection was not in line
with previous reports from early in the Pandemic® or
where only hospitalization has been used as proxy of
illness severity.” Inconsistent with previous findings
showing higher risk in women,” we noted comparable
prevalence increase in physical symptom burden among
males and females. These differences in finding may be,
at least partly, be due to reliance on electronic health
records in many previous reports indicating increased
health care seeking behaviour among women after
COVID-19°! while the direct symptom assessments in
our study suggests comparable rise in physical symptom
prevalence across genders. We found an even higher
prevalence increase for individuals without depression
or anxiety symptoms indicating that the association be-
tween severe acute COVID-19 illness and risks of long-
term physical symptoms may be independent of such
mental health symptomology. The long-term health
impact of severe COVID-19 is consistent with a recent
hospital-based study from Italy, showing highly elevated
prevalence in symptoms one year after acute illness.”®
The ultimate duration of the risk increase remains un-
clear, and studies including long-term follow-ups are
needed. Research from previous coronavirus outbreaks
indeed indicates similar persistence of physical symp-
toms among survivors of SARS-CoV-1 (SARS), Middle
East respiratory syndrome coronavirus (MERS), and
acute respiratory distress syndrome (ARDS), including
musculoskeletal pain, chronic fatigue, and exercise
intolerance up to 5 years after infection.***

Similar to previous studies,*”**% our findings
indicate that shortness of breath, headaches, chest pain,
dizziness, and low energy/fatigue may be core symp-
toms of Long COVID. The comparison on the magni-
tude of the increase in specific symptoms is difficult
across studies that lack a proper comparison to in-
dividuals without COVID-19,** as well as use different
methods to quantify the symptoms. The findings on
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A ' Provalonco ratio

Shortness of breath 151(1.22 10 1.87) "

215(1.37 10 338)*

Chest pain 134(1.15 10 1.56) "

186 (121 10 285)

Dizziness 124(112 1o 1.87) "

1.58(141 10 176)

Fainting spells 1.34(1.06 1o 1.68)

1.43(094 10 219)

Feeling your heart pound or race 118106 10 131)"

1.65(1.27 10 189)

Headaches 1.09(1.05 to 113) "

138(123 to 1.54) "

Feeling tired or having low energy 1.08(104 to 1.13)"

120(1.02 to 1.40)

Nausea, gas o indigestion B 102(089 to 1.04)

1.00(095 to 1.24)

Pain in arms, legs o joints 102(087 10 1.07)

111(1.03 10 120)
Trouble sleeping 1.04(102 10 1.08)*
1.03(092 10 1.16)
1.02(098 10 1.07)
108(1.00 to 1.18)

Stomach pain

Constipation, loose bowels or diarrhea 099 (096 to 1.03)

1.07(094 10 121)

Menstrual cramps or other period problems: ' 1.11(1.00 to 1.23)

1.08(095 o 1.24)

Back pain : 1.01(096 to 1.05)

110(105 1o 1.17)*
Pain or problems during sexual intercourse{ 1.10(102 1o 1.20)
1.12(092 0 1.36)

Menstrual cramps or other period problems

Pain or problems during sexual intercourse:

1 2 3 4
Prevalence ratio

Bothered a little Bothered a lot

B 8 Prevalence ratio

145(145 10 182)"
1.71(083 to 351)

Shortness of breath

Chest pain 176136 1o 227)"""

132 (056 10 3.09)

Dizziness 146(122 10 1.74)

221(1.19 10 408)

Fainting spells- 082(0.46 10 1.48)

'

Feeling your heart pound or race: 1.16 (097 10 140)

118 (085 10 163)

Headaches{ 136(128 10 151)

203(164 o 252) "

Feeling tired or having low energy 120(117 to 1.43) "

136(122 10 153) ™

Nausea, gas or indigestion 106083 to 1.20)

1.14(092 10 1.41)
Pain in arms, legs or joints 146 (104 10 1.30)
121(101 10 1.44)
1.13(1.00 to 1.28)
100 (093 10 1.08)

Trouble sleeping

114 (099 to 1.32)
124(0891 10 1.70)

Stomach pain

118 (1.03 10 135)
115 (084 10 1.40)

Constipation, loose bowels or diarrhea

1.18(097 to 134)
: 097 (074 10 120)
Back pain 118105 to 1.33)
0.87(0.69 to 1.09)
075 (054 10 1.05)
069(040 10 1.16)

2 3 a 5
Prevalence ratio

Bothered a little @ Bothered a lot

Fig. 3: Prevalence ratio (95% confidence interval) of individual physical symptom severity among people with COVID-19 compared with
those NOT diagnosed with COVID-19, by each physical symptom?®. A. COVID-to-non-COVID cross-sectional comparison (all cohorts). B. Post-
to-Pre COVID longitudinal comparison (Omtanke2020, N = 398). *Prevalence ratios were adjusted for age, gender, residency, average monthly
income, current smoking, BMI, pre-existing comorbidity, relationship status, habitual drinking, previous diagnosis of psychiatric disorder, and
response period. Income was not available in Omtanke2020 (SE), and relationship status was not available in DBDS (DK). Menstrual cramps were
only applied to women aged <60 years. P-values were corrected for multiple testing using Bonferroni correction method. *Indicates corrected

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

sustained increased prevalence of various symptoms
after COVID-19, particularly after a severe course of
acute illness, may be explained by several potential
mechanisms.  Although  hyperactivity of proin-
flammatory cytokine response during the acute stage of
the infection is observed,** the chronic inflammation
following the acute disease phase is more likely to be
associated with the persistent physical symptoms over 2
years. The circulating anti-nuclear autoantibodies are
reported to form for individuals with COVID-19,+
which cause inflammation and damage to multi-
organs, leading to various autoimmune diseases. For
instance, elevated levels of IL-1p, IL-6, IL-8 and TNF-a
persisting after recovery from COVID-19 infection have
been suggested to cause long-term COVID-19 symp-
toms.” The chronic inflammation following acute
infection can lead to alveolar damage in the lungs as
well as microvascular injury.*** Also, there is suggestive
evidence that some individuals do not completely clear
the virus over time, resulting in persistent viral load in
the body and chronic symptoms.” Similar mechanisms
have been found in other inflammatory diseases, such
as rheumatoid arthritis where prolonged elevated TNF-o
has been associated with development of fatigue. Taken
together, the prolonged symptoms following COVID-19
are likely to manifest multi-organ involvement,*
although these mechanisms are not fully understood.
Further research is therefore needed to understand the

www.thelancet.com Vol 35 December, 2023

long-term effects of the infection whereas sustained
clinical surveillance on long-lasting physical symptoms
is needed, by taking into account acute illness severity
and time since diagnosis. The heterogeneity of the re-
ported COVID-19 associated physical symptoms from
existing literatures challenges the understanding of
underlying pathophysiology. Thus, our findings shed
further lights on narrowing the range of these symp-
toms and, thereby, basis for more for targeted surveil-
lance and interventions, as well as resource allocation
from the policy point of view.

Strengths and limitations

The strengths of our study include the large sample size
with more than 22,000 persons diagnosed with COVID-
19 with varying acute illness severity, as well as a large
comparison group without COVID-19, across four
Nordic countries. We were able to use detailed infor-
mation on illness severity and time since diagnosis to
investigate the association according to illness severity
over time, with adjustment for a list of selected cova-
riates. The validated questionnaire used to quantify the
severity of physical symptoms enabled us to compre-
hensively assess the severe physical symptom burden,
overall and individually. The more than 2-year follow-up
provided, so far, the longest assessment on risk of
persistent severe symptoms after infection with SARS-
CoV-2. We were able to directly compare severe
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-@- not bedridden

0-2 months  3-5 months 6-9 months 10-27 months

0-2months 3-5 months 6-9 months 10-27 months
time since diagnosis
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time since diagnosis
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Fig. 4: Prevalence ratio (95% confidence interval) of reporting bothered a lot to each symptom among people with COVID-19 compared
with those NOT diagnosed with COVID-19 in C-19 Resilience, Omtanke2020 and DBDS, by illness severity (bedridden) according to time
from diagnosis®. *Prevalence ratios were adjusted for age, gender, residency, average monthly income, current smoking, BMI, pre-existing
comorbidity, relationship status, habitual drinking, previous diagnosis of psychiatric disorder, and response period. Income was not available
in Omtanke2020 (SE), and relationship status was not available in DBDS (DK).

symptoms before and after COVID-19 diagnosis in a
subset of Omtanke2020 participants, demonstrating a
longitudinal impact of acute illness on participant’s
physical health.

There are also some limitations to be noted. First,
our study relies on self-reported information on COVID-
19 diagnosis and physical symptoms, and therefore may
suffer from recall bias, meaning that participants may
not remember all the details of their illness. This will
likely have diluted the results toward null. Second, in-
dividuals with COVID-19 may be more prone to report
symptoms than the non-COVID group. Yet, the null
association observed in the group who were diagnosed
with COVID-19 but were not bedridden alleviates this
concern to some extent. Third, the varying time periods
of data collection in the four cohorts coinciding with the
different pandemic waves and respectively different vi-
rus variants may result in substantial differences across
cohorts in comparisons of physical symptoms between
COVID and non-COVID groups. We adjusted for the
response period in the multivariable models to control
for this discrepancy and the similar positive associations
noted across the four cohorts argue against our findings
being explained entirely by these factors. The smaller

prevalence increase in DBDS and MAP-19 may be due
to the larger proportion of participants likely infected
with the omicron variant, than other cohorts, this co-
incides with a higher likelihood of being partly or fully
vaccinated in  these data  collection  waves
(Supplementary Figure S3). Fourth, despite consistent
positive overall associations noted in each cohort, we
found the prevalence increase of severe symptoms to be
smaller in DBDS than C-19 Resilience (26% vs. 60%
increase in prevalence). The DBDS cohort is comprised
of active or former blood donors, presumably healthier
than the general population. This healthy donor effect
may partly explain the smaller prevalence increase
observed in DBDS, compared to the other cohorts, and
may result in an underestimated overall association
when combining results of all cohorts. Apart from the
abovementioned differences in the cohorts, the potential
protective effect of the COVID-19 vaccine might also
have played a role in participants with a late response
period in Omtanke2020, MAP-19, and DBDS. Evidence
has indeed shown reduced physical symptoms among
fully vaccinated individuals.”®* The majority of the
participants in each of these cohorts reported being
partly or fully vaccinated, and sensitivity analysis in C-19
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Resilience and Omtanke2020 showed largely similar
results when restricting to vaccinated individuals only
(Supplementary Tables S4 and S5). Lastly, our findings
should be generalized with caution to other populations
or countries with different societal, background, or
healthcare systems than Nordic countries.

Conclusion

This multinational study of persons with COVID-19
in four Nordic countries indicates that severe acute
illness of SARS-CoV-2 infection is an important pre-
dictor of persistent physical symptoms, e.g., shortness
of breath, chest pain, dizziness, headaches, and low
energy/fatigue, up to 27 months after diagnosis.
These findings highlight the importance of continued
monitoring and alleviation of the identified core
physical symptoms, at least during the first 2 years
after diagnosis, among individuals suffering severe
forms of COVID-19.
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