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Post-acute effects of SARS-CoV-2 infection in individuals not
requiring hospital admission: a Danish population-based
cohort study

Lars Christian Lund, Jesper Hallas, Henrik Nielsen, Anders Koch, Stine Hasling Mogensen, Nikolai Constantin Brun, Christian Fynbo Christiansen,
Reimar Wernich Thomsen, Anton Pottegdrd

Summary

Background Individuals admitted to hospital for COVID-19 might have persisting symptoms (so-called long COVID)
and delayed complications after discharge. However, little is known regarding the risk for those not admitted to
hospital. We therefore examined prescription drug and health-care use after SARS-CoV-2 infection not requiring
hospital admission.

Methods This was a population-based cohort study using the Danish prescription, patient, and health insurance
registries. All individuals with a positive or negative RT-PCR test for SARS-CoV-2 in Denmark between Feb 27 and
May 31, 2020, were eligible for inclusion. Outcomes of interest were delayed acute complications, chronic disease,
hospital visits due to persisting symptoms, and prescription drug use. We used data from non-hospitalised
SARS-CoV-2-positive and matched SARS-CoV-2-negative individuals from 2 weeks to 6 months after a SARS-CoV-2
test to obtain propensity score-weighted risk differences (RDs) and risk ratios (RRs) for initiation of 14 drug groups
and 27 hospital diagnoses indicative of potential post-acute effects. We also calculated prior event rate ratio-adjusted
rate ratios of overall health-care use. This study is registered in the EU Electronic Register of Post-Authorisation
Studies (EUPAS37658).

Findings 10 498 eligible individuals tested positive for SARS-CoV-2 in Denmark from Feb 27 to May 31, 2020, of whom
8983 (85-6%) were alive and not admitted to hospital 2 weeks after their positive test. The matched SARS-CoV-2-
negative reference population not admitted to hospital consisted of 80894 individuals. Compared with SARS-CoV-2-
negative individuals, SARS-CoV-2-positive individuals were not at an increased risk of initiating new drugs (RD <0-1%)
except bronchodilating agents, specifically short-acting B2-agonists (117 [1-7%] of 6935 positive individuals vs
743 [1-3%] of 57 206 negative individuals; RD +0-4% [95% CI 0-1-0-7]; RR 1-32[1-09-1- 60]) and triptans (33 [0-4%)]
of 8292 v5s 198 [0-3%] of 72828; RD +0-1% [0-0-0-3]; RR 1-55 [1-07-2-25]). There was an increased risk of receiving
hospital diagnoses of dyspnoea (103 [1-2%] of 8676 vs 499 [0-7%] of 76 728; RD +0-6% [0-4—0-8]; RR 2-00 [1-62-2-48])
and venous thromboembolism (20 [0-2%] of 8785 vs 110 [0-1%] of 78 872; RD +0-1% [0-0-0-2]; RR 1-77 [1-09-2-86])
for SARS-CoV-2-positive individuals compared with negative individuals, but no increased risk of other diagnoses.
Prior event rate ratio-adjusted rate ratios of overall general practitioner visits (1-18 [95% CI 1-15-1-22]) and outpatient
hospital visits (1-10 [1-05-1-16]), but not hospital admission, showed increases among SARS-CoV-2-positive
individuals compared with SARS-CoV-2-negative individuals.

Interpretation The absolute risk of severe post-acute complications after SARS-CoV-2 infection not requiring hospital
admission is low. However, increases in visits to general practitioners and outpatient hospital visits could indicate
COVID-19 sequelae.

Funding None.

Copyright © The Author(s). Published by Elsevier Ltd.

Introduction

COVID-19 caused by SARS-CoV-2 is an urgent threat to
global public health, with 140-3 million cases registered
worldwide and 245761 cases in Denmark as of
April 23, 2021 Of these cases, more than 80% are
expected to be mild or asymptomatic.? Although an
increasing body of evidence shows that individuals
admitted to hospital for COVID-19 might have delayed
complications such as myocarditis,” pulmonary fibrosis,*
encephalitis,’ thromboembolic events,” and psychiatric

illness,* as well as persisting symptoms® such as dyspnoea,
cough, and fatigue, little is known about how often such
post-acute complications occur in individuals with mild
or asymptomatic disease.” Survey-based estimates of
symptom persistence vary widely—eg, dyspnoea after
recovery from primary SARS-CoV-2 infection has been
reported in 10-20% of patients in one study" and up to
75% of patients in another study,” but these studies were
based on selected patient samples and did not have a
control group. Therefore, we aimed to examine the
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For source code used in the
study see https://source.
coderefinery.org/lcl/postacute-
covid19/

Research in context

Evidence before this study

To identify existing studies on post-acute effects, delayed
complications, or long-term effects of mild or asymptomatic
SARS-CoV-2 infection, we searched PubMed from inception to
Sept 25, 2020, (ie, the time of the public registration of the study
protocol). We used the following search string: (COVID-19[title]
OR SARS-CoV-2[title]) AND (((long-term([title/abstract] OR
delayed[title/abstract]) AND complications[title/abstract]) OR
sequelae[title/abstract] OR ((persistent(title/abstract] OR
persistence[title/abstract]) AND symptoms]title/abstract])).

After the registration of the study protocol, up to Jan 22, 2021,
additional literature was identified in relevant medical journals
and preprint servers—eg, medRxiv. We mainly considered
observational studies and reviews concerning post-acute or
long-term effects of SARS-CoV-2 infection, but also considered
case reports if they reported potential serious complications.
Observational studies regarding post-acute complications of
moderate to severe COVID-19—ie, in individuals admitted to
hospital, reported a modest to high prevalence of severe late
complications such as ischaemic stroke (1-6-2-5%), venous
thromboembolism (1-5-21%), and reduced lung function
(11-22%). We did not identify any studies investigating severe
post-acute complications of mild or asymptomatic SARS-CoV-2
infection. We identified three published studies and one large,
as of yet unpublished, patient-initiated survey investigating
symptom persistence after SARS-CoV-2 infection in individuals
not requiring hospital admission. Overall, the three published
studies reported a high prevalence of symptoms such as
persisting dyspnoea (10-30%) and fatigue (30-40%) up to

6 months after SARS-CoV-2 infection. In the patient-initiated
survey, which recruited individuals from “long COVID" support
groups on social media, more than 95% had fatigue and more
than 75% had dyspnoea. The main limitation for all studies was
the absence of a control group of people without COVID-19.

occurrence of post-acute effects 2 weeks to 6 months
after SARS-CoV-2 infection not requiring hospital
admission, by assessing initiation of specific drugs,
hospital diagnoses, and overall frequency of health-care
encounters in a population-based cohort of SARS-CoV-2-
positive individuals who were not admitted to hospital
compared with SARS-CoV-2-negative individuals.

Methods

Study design

This Danish population-based cohort study used the
Danish national health registries and the Danish
COVID-19 cohort.” We examined incident drug use,
hospital diagnoses, and overall health-care use extending
from 2 weeks to 6 months after a positive SARS-CoV-2 test
in individuals who did not require hospital admission. For
initiation of drugs and first hospital diagnoses representing
potential late complications of SARS-CoV-2 infection, we
obtained risks, risk differences, and risk ratios compared

Added value of this study

Our population-based cohort study includes all Danish residents
who, during the first wave of the COVID-19 pandemic, tested
positive for SARS-CoV-2 yet were not admitted to hospital for
COVID-19 (8983 individuals). As a reference, we identified a
reference cohort, matched by age, sex, and calendar time, of
80894 individuals who tested negative for SARS-CoV-2 and
were not admitted to hospital. We observed no increased risk
(absolute risk difference <0-1%) of initiating 11 selected drug
therapies or receiving one of 25 selected new hospital diagnoses
considered potential post-acute effects of SARS-CoV-2
infection, in the 2 weeks to 6 months after a SARS-CoV-2 test,
for individuals who tested positive for SARS-CoV-2 compared
with those who tested negative. Slightly increased risks were
identified for initiating bronchodilating agents (risk difference
[RD] +0-3%), specifically short-acting -2 agonists (RD +0-4%),
and triptans (+0-1%), and for new hospital diagnoses of
dyspnoea (+0-6%) and venous thromboembolism (+0-1%).

We found a low risk (<0-4%) of hospital contacts for previously
reported persisting symptoms (anosmia, fatigue, and non-
specific pain). This finding might indicate that these symptoms
are primarily managed by general practitioners, whom positive
individuals visited 1-18 times more often from 2 weeks after
the SARS-CoV-2 test than negative individuals.

Implications of all the available evidence

The absolute risk of delayed acute complications after
SARS-CoV-2 infection not requiring hospital admission is low,
although late venous thromboembolism might occur.
SARS-CoV-2-positive individuals are at an increased risk of
initiating bronchodilator therapy and being seen at hospital
with dyspnoea 2 weeks to 6 months after primary infection.
The increased rate of general practitioner and outpatient
hospital visits could indicate persistent symptoms.

with individuals who tested negative for SARS-CoV-2. For
the total burden of general practitioner visits, outpatient
clinic visits, emergency department visits, and hospital
admissions, we calculated rates and prior event rate ratio
(PERR)-adjusted rate ratios from 2 weeks to 6 months after
a SARS-CoV-2 test for positive versus negative individuals
(figure 1). This study was reported according to the
Reporting of Studies Conducted Using Observational
Routinely Collected Health Data statement. All source code
used in this study is available online.

The institutional data protection board at the University
of Southern Denmark and the Danish Health Data
Authority approved the research project. According to
Danish law, studies based entirely on registry data do not
require approval from an ethics review board."

Study population
All individuals with a positive or negative RT-PCR test
for SARS-CoV-2 in Denmark between Feb 27 and
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Exclusion window: no hospital admission (day -14 to day 13) |:|

Exclusion window: no prescription drug use and medical history (any time to day 13)*

Washout window: no prescriptions redeemed (day -351 to day 13)t

SARS-CoV-2 test (day 0) ]

Baseline window for health-care use
(day-180 to day -15)

Follow-up window: discharge diagnoses,
prescription drug use, and health-care use
(day 14 to day 179)

T
-351 -180

-14 0 14 180
Time (days)

v

Figure 1: Study design for non-hospitalised individuals

*Analyses regarding new use of prescription drugs and first-ever diagnoses. tAnalyses regarding reinitiation of prescription drugs.

May 31, 2020, were eligible for inclusion. Individuals
who had less than 1 year of residency in Denmark, had
inconclusive test results, or died in the 2 weeks after their
test were excluded.

Setting

All tests during the study period were RT-PCR tests.
During the inclusion period, Denmark was affected by the
global shortage of reagents for SARS-CoV-2 RT-PCR tests,
which led to the following test strategy: until March 12,
only symptomatic individuals with a travel history to
mainland China or northern Italy were tested. From
March 12 to April 21, testing was available for all individuals
who had moderate to severe symptoms of respiratory tract
infection. From April 21, testing of individuals with mild
symptoms and asymptomatic contacts was gradually
introduced and on May 18, testing for SARS-CoV-2 was
made available for anyone free of charge.”

The Danish hospital system operated below maximum
capacity during the entire study period. The highest
strain placed on the hospital system was April 1, 2020,
when 34% of intensive care beds (146 patients in intensive
care of a normal capacity of 433, which could have
been escalated to 925) and 3-3% of all hospital beds
(535 patients of about 15 000 hospital beds) were occupied
by patients with COVID-19. All elective hospital out-
patient visits were canceled from March 11 to April 18,
after which normal activity resumed.

Cohorts

Three cohorts were included in the study. The main
exposed cohort comprised individuals with SARS-CoV-2
infection not requiring hospital admission, assessed at
2 weeks after their first positive SARS-CoV-2 test. The
comparison cohort comprised individuals who tested
negative for SARS-CoV-2 and were not admitted to
hospital. For every non-hospitalised SARS-CoV-2-positive
individual, we randomly sampled up to ten individuals
with negative test results, without replacement, matching
birth year, sex, and week of test.

To contextualise findings from the main analyses of
non-hospitalised, SARS-CoV-2-infected individuals, we
identified a cohort of SARS-CoV-2-infected individuals
who were admitted to hospital. These individuals were
hospitalised on the day of the positive test or during the
2 weeks after, were discharged alive, and were not
readmitted in the 2 weeks after discharge. Individuals
who were discharged after May 31 were excluded from
further analyses.

Outcomes

Outcomes of interest were delayed acute complications,
chronic disease, persisting symptoms, and prescription
drug use (appendix pp 7-9). We focused on health out-
comes that have been suggested to be related to
SARS-CoV-2 beyond the acute infection.”

We identified initiation of prescription drugs repre-
senting possible late or delayed complications or persistent
symptoms®**'® of SARS-CoV-2 infection using the Danish
Prescription Registry,” including bronchodilators, cough
preparations, analgesics, platelet inhibitors, anticoagulants,
glucose-lowering drugs, antidepressants, anxiolytics, and
antipsychotics. Information on diagnoses representing
possible delayed complications, new onset of chronic
disease, and persisting symptoms leading to hospital
contact after SARS-CoV-2 infection®***** was obtained
from inpatient and outpatient hospital diagnoses recorded
in the Danish National Patient Registry.” For the outcome
of acute kidney injury (appendix p 3), data on creatinine
measurements were obtained from the Danish National
Laboratory database.”

Regarding health-care use, we established overall event
rates of general practitioner visits, hospital outpatient
visits, emergency department visits, and hospital
admissions per 1000 individuals between 6 months
and 2 weeks before a SARS-CoV-2 test and 2 weeks
to 6 months after the test, counting multiple visits
per individual. Data on general practitioner visits was
obtained from the Danish National Health Insurance
Register."
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526406 individuals tested for SARS-CoV-2
(Feb 27 to May 31, 2020)

28255 excluded
13088 incomplete data*
483 inconclusive test results
14684 admitted to hospital 2 weeks before test

v

| 498 151 individuals eligible |

v

y

10498 tested positive for
SARS-CoV-2

487 653 tested negative for
SARS-CoV-2

A

53120 excluded because
of admission
to hospital
after test

within 2 weeks

1515 admitted to hospital

434 533 not admitted to
hospital within 2 weeks

205 excluded because
of death or
readmissiont

—» 353639 not matched

v

A 4

hospital

1310 in SARS-CoV-2-positive
cohort admitted to

8983 in SARS-CoV-2 positive
cohort not admitted to
hospital within 2 weeks

80894 reference population

Figure 2: Cohort selection

*Death within 2 weeks of a SARS-CoV-2 test (N=3663) or migration 1 year before or up to 14 days after a SARS-CoV-2
test. tDeath during admission or within 2 weeks of discharge or readmission within 2 weeks of discharge.

Statistical analysis

We assessed risks for initiation of new medications and
for hospital contacts with first-ever diagnoses of interest
from 2 weeks to 6 months after a SARS-CoV-2 test.
Individuals with a history of the prescription drug or
hospital diagnosis of interest were excluded from
respective analyses. Because the number of individuals
in our cohort who emigrated during follow-up was
considered negligible (24 [0-3%)] of 8983 test-positive and
165 [0-2%] of 80894 test-negative individuals), these
individuals were included in the calculation of risks.

For each outcome, risk differences (RDs) and risk
ratios (RRs) comparing SARS-CoV-2-positive to SARS-CoV-
2-negative non-hospitalised individuals were estimated
using generalised linear models (binomial distribution
and an identity or log link). To control for potential
confounding, propensity score-weighted” risk estimates
with robust 95% CIs were obtained. SARS-CoV-2-negative
individuals were weighted according to the propensity
score odds, whereas SARS-CoV-2 positive individuals
were assigned a weight of 1. The propensity score
model included prespecified confounders that might be
associated with the likelihood of having a positive versus

negative SARS-CoV-2 test and with the risk of subsequent
late health outcomes (appendix p 10). Covariate balance
was assessed using standardised mean differences.
Differences less than 0-1 were considered negligible.”

For overall health-care use outcomes, we obtained rate
ratios for each observation period (pre-baseline [6 months
to 2 weeks before a SARS-CoV-2 test] and follow-up [2 weeks
to 6 months after a SARS-CoV-2 test]) using Poisson
regression, comparing non-hospitalised SARS-CoV-2-
positive individuals to SARS-CoV-2-negative individuals.
To adjust for differences in baseline health-care use, we
calculated PERR-adjusted rate ratios” by dividing the rate
ratio during follow-up by the pre-baseline rate ratio. We
used bootstrapping techniques with 200 replications per
estimate to obtain normal approximation 95% Cls.

To assess whether SARS-CoV-2 could aggravate
pre-existing disease, risks of reinitiation of medication
and readmission for a given diagnosis 2 weeks to
6 months after a SARS-CoV-2 test were estimated among
former users of a drug (defined as not having filled a
prescription for the drug during the last 12 months) or
individuals with a history of the diagnosis of interest.

To identify potential late complications of SARS-CoV-2
infection outside drugs and diagnoses specified a
priori, we did a hypothesis-free screening analysis. We
calculated risks of initiating any individual drug
(specified at the single substance level) corresponding to
the fifth level of the Anatomical Therapeutical Chemical
classification for drug substances, or receiving any new
(first ever) hospital diagnosis (specified at the second
level of the International Statistical Classification of
Diseases and Related Health Problems tenth revision).

As a post-hoc sensitivity analysis, we ran analyses
excluding individuals hospitalised for COVID-19
3—4 weeks after the infection—ie, early in our a priori-
defined post-acute infection period.

To identify risks that might only be increased shortly
after recovery from SARS-CoV-2 infection, we obtained
risk estimates for outcomes in a shorter period
2-14 weeks after a test.

Statistical analyses were done using Stata MP,
version 16.1. This study is registered in the EU Electronic
Register of Post-Authorisation Studies (EUPAS37658).

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

Of 10498 eligible individuals who tested positive for
SARS-CoV-2 in Denmark from Feb 27 to May 31, 2020,
8983 (85-6%) were alive and not admitted to hospital
2 weeks after their positive test. They were matched
to 80894 eligible SARS-CoV-2-negative individuals
(figure 2). Of the 10498 with a positive test result,
1310 individuals were admitted to hospital within
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SARS-CoV-2 positive ~ SARS-CoV-2 negative Standardised mean ~ SARS-CoV 2-negative, Standardised mean
(n=8983) (n=80894) difference weighted (n=8977)* difference, weighted

Demographics

Age, median (IQR) 43 (30-56) 43(29-56) 0-02 44 (30-56) 0-00

Age <18 years 584 (6-5%) 5662 (7-0%) 0-02 567 (6:3%) 0-01

Sex

Female 5471 (60-9%) 51631 (63-8%) 0-06 5479 (61-0%) 0-00
Male 3512 (39-1%) 29263 (362%) 0-06 3498 (39-0%) 0-00

Tested before April 11, 2020 4342 (483%) 34946 (432%) 0-10 4440 (49-5%) 0-02

Prescription drug uset

Bronchodilating agents 757 (8-4%) 10984 (13-6%) 0-17 1039 (11-6%) 0-10

Inhaled corticosteroids 531 (5-9%) 7160 (8:9%) 0-11 667 (7-4%) 0-06

Paracetamol 2257 (25:1%) 22769 (281%) 0-07 2279 (25-4%) 0-01

NSAIDs 1485 (16-5%) 15532 (19-2%) 0-07 1598 (17-8%) 0-03

Opioids and opioid-like drugs 591 (6-6%) 7340 (9-1%) 0-09 612 (6-8%) 0-01

Antidepressants 634 (7-1%) 8896 (11-0%) 0-14 798 (8-9%) 0-07

Benzodiazapines and Z-drugs 362 (4-0%) 4738 (5:9%) 0-08 419 (4-7%) 0-03

Antipsychotics 168 (1-9%) 2453 (3:0%) 0-08 163 (1-8%) 0-00

Platelet inhibitors 396 (4-4%) 4592 (5:7%) 0-06 425 (47%) 0-02

Anticoagulants 214 (2-4%) 2245 (2-8%) 0-02 209 (2:3%) 0-00

Loop diuretics 171 (1:9%) 2386 (2:9%) 0-07 180 (2:0%) 0-01

Lipid-lowering drugs 794 (8-8%) 7846 (9:7%) 0-03 790 (8-8%) 0-00

Lifestyle-related diagnoses

Hospital diagnosis of obesity 682 (7-6%) 7745 (9-6%) 0-07 682 (7-6%) 0-00

Markers of smoking 246 (2:7%) 4548 (5-6%) 014 246 (2:7%) 0-00

Alcohol-related disorders 184 (2-0%) 3151 (3:9%) 011 184 (2-1%) 0-00

Mental health

Depression 99 (11%) 1278 (1-6%) 0-04 78 (0-9%) 0-02

Anxiety disorders 197 (22%) 3240 (4-0%) 0-10 211 (2:3%) 0-01

Psychosis 39 (0-4%) 650 (0-8%) 0-05 35 (0-4%) 0-01

Frailty-related diagnoses

Cancer 398 (4-4%) 4139 (5-1%) 003 399 (4-4%) 0-00

Dementia 69 (0-8%) 426 (0-5%) 0-03 71(0-8%) 0-00

Chronic conditions

Diabetes (type 1 or 2)+ 526 (5-9%) 4910 (6-1%) 0-01 529 (5-9%) 0-00

Hypertensiont 2127 (237%) 21808 (27-0%) 0-08 2132 (23.7%) 0-00

Cardiovascular disease 837 (93%) 9120 (11-3%) 0-06 839 (9-3%) 0-00

Peripheral vascular disease 44 (0-5%) 662 (0-8%) 0-04 56 (0-6%) 0-02

Pulmonary disease 788 (8-8%) 10173 (12:6%) 0-12 788 (8-8%) 0-00

Kidney disease§ 49 (0-5%) 555 (0-7%) 0-02 49 (0-5%) 0-00
Data are n (%) unless otherwise stated. Data on race are not available from our data sources. NSAIDs=non-steroidal anti-inflammatory drugs. *Counts in the weighted cohort
are rounded to whole numbers for presentation; proportions were calculated using the exact decimal numbers. tDefined as having redeemed a prescription for the drug of
interest during the year before the start of follow-up. $Defined as having redeemed a prescription for a drug used to treat this condition. SDefined as having received a kidney
disease-related hospital diagnosis.
Table: Baseline characteristics of SARS-CoV-2-positive and SARS-CoV-2-negative individuals not requiring admission to hospital

2 weeks of their test and were included as the cohort of
hospitalised SARS-CoV-2-positive individuals.

The non-hospitalised cohorts had a median age of
43 years (IQR 29-56), 57102 (63 - 5%) of 89 877 were female,
and 32775 (36-5%) were male (table). SARS-CoV-2-positive
individuals were similar to SARS-CoV-2-negative indi-
viduals, albeit with a lower burden of comorbidity and
lower use of drugs for the treatment of chronic conditions.
These differences between cohorts were eliminated

after propensity score weighting, with propensity score
distributions exhibiting satisfying overlap (appendix p 4)
between positive and negative individuals. Crude mortality
during follow-up was 0-6% (58 of 8983) among non-
hospitalised individuals with SARS-CoV-2 infection
and 0-6% (449 of 80894) in those who were SARS-CoV-2
negative. After propensity score weighting, the risk of
death among negative individuals decreased slightly (0- 5%
[42 of 8977], 95% CI1 0-4-0-5).
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SARS-CoV-2-positive SARS-CoV-2-negative Propensity score-weighted

cohort (n/N) cohort (n/N) risk ratio (95% Cl)
Bronchodilating agents 121/6782 (1:78) 814/55482 (1-47) —o— 123 (1-01t0 1-48)
Short-acting B2-agonists 117/6935 (1-69) 743/57 206 (1:30) —e—i 132 (109 to 1.60)
Inhaled corticosteroids 57/7696 (0-74) 733/64 870 (1-13) —— 0-65 (0-50 to 0-86)
Cough preparations 28/7456 (0-38) 262/64 857 (0-40) . 1.01(0-68 to 1-49)
Paracetamol 153/4781 (3-20) 1422/39 052 (3-64) — @ 0-90 (0-76 to 1-06)
NSAIDs 83/3234 (2:57) 745/24 688 (3.02) — et 0-85 (0-68 t0 1.07)
Opioids and opioid-like drugs 72/6316 (1-14) 721/51042 (1-41) —— 0-81(0-64t01.04)
Triptans 33/8292 (0-40) 198/72 828 (0-27) — e 1.55 (1.07 to 2:25)
Glucose-lowering drugs 23/8457 (0-27) 254/75984 (0-33) — e 0-95 (0-62 to 1-46)
Antidepressants 47/7324 (0-64) 478/58 620 (0-82) ——— 0-84 (0-62t01:13)
Benzodiazapines and Z-drugs 42/7364 (0-57) 368/61354 (0-60) —— 1.03 (0-75to 1-41)
Antipsychotics 24/8527 (0-28) 271/74255 (0-36) ———i 0-93(0-61t01-42)
Platelet inhibitors 28/8229 (0-34) 284/72700 (0-39) — e 0-88 (0-60 t0 1-30)
Anticoagulants 23/8659 (0-27) 209/77 469 (0-27) — 103 (0-67 to 1-59)
Antihypertensives 58/6856 (0-85) 525/59 086 (0-89) —a— 097 (0-74 t0 1-27)

0-25 O<I50 1.0 ZTO 4I~0

Figure 3: Risks and risk ratios for the initiation of new medication 2 weeks to 6 months after a SARS-CoV-2 test in individuals not admitted to hospital

NSAIDs=non-steroidal anti-inflammatory drugs.

Among the 8983 SARS-CoV-2-positive individuals,
2757 (30-7%) initiated new drug treatments
during follow-up compared with 28525 (35-3%)
of 80894 SARS-CoV-2-negative individuals. Individuals
who tested positive for SARS-CoV-2 were at an increased
risk of initiating bronchodilating agents (121 [1-8%)]
initiators of 6782 non-users) compared with SARS-CoV-2-
negative individuals (814 [1-5%] of 55482; adjusted
RD +0-3% [95% CI 0-0-0-7]; adjusted RR 1-23 [95% CI
1-01-1-48]), specifically short-acting 32-agonists (117 [1-7%)]
of 6935 positive individuals vs 743 [1- 3%)] of 57 206 negative
individuals; adjusted RD +0-4% [0-1-0-7]; adjusted
RR 1-32 [1-09-1-60]) and triptans (33 [0-4%] of 8292 vs
198 [0-3%] of 72828; adjusted RD +0-1% [0-0-0-3];
adjusted RR 1-55 [1-07-2-25]). We found no increased risk
of initiation of any of the remaining 11 drug groups when
comparing non-hospitalised individuals with and without
SARS-CoV-2 infection (figure 3; appendix p 11).

The risks of receiving any new hospital diagnosis during
follow-up were 26-3% (2362 of 8983) among SARS-CoV-2-
positive individuals and 28-8% (23314 of 80894) among
SARS-CoV-2-negative individuals. SARS-CoV-2-positive
individuals were at an increased risk of receiving a first
diagnosis of dyspnoea (103 [1-2%)] of 8676) compared with
negative individuals (499 [0-7%] of 76728; adjusted
RD +0-6% [95% CI 0-4-0-8]; adjusted RR 2-00
[1-62-2-48]) and venous thromboembolism (20 [0-2%] of
8785 positive individuals vs 110 [0-1%] of 78 872 negative
individuals; adjusted RD +0-1% [0-0-0-2]; adjusted
RR 1-77 [1-09-2-86]). We identified no increased risk
of suggested serious complications of SARS-CoV-2
infection—eg, ischaemic stroke, encephalitis, psychoses,
or diagnoses related to paediatric inflammatory multi-
systemic syndrome (figure 4; appendix p 12). Furthermore,
we did not identify an increased risk of receiving a first

hospital diagnosis of persisting symptoms except for
dyspnoea, including anosmia.

By the end of follow-up, 6557 (73-0%) of 8983 non-
hospitalised individuals with SARS-CoV-2 infection and
62391 (77-1%) of 80894 SARS-CoV-2-negative individuals
had visited their general practitioner, were seen at a hospital
outpatient clinic, or were admitted to hospital (appendix
p 5). Comparing overall health-care use between SARS-
CoV-2-positive and SARS-CoV-2-negative individuals, we
observed increased PERR-adjusted rate ratios for general
practitioner visits (1-18 [95% CI 1-15-1-22]) and outpatient
clinic visits (1-10 [1-05-1-16]) among SARS-CoV-2-positive
individuals. We found no material difference between
cohorts for emergency department visits (1-07 [0-88-1-30])
or inpatient hospitalisations (1-00 [0-87-1-14]; appendix
pp 14-15). Among health-care users, most individuals had a
single visit to the general practitioner or hospital outpatient
clinic, and few individuals had five or more visits
(appendix p 6).

We identified no increased risk of reinitiating any
drug of interest or being readmitted for any of the
examined diagnoses after SARS-CoV-2 infection among
SARS-CoV-2-positive individuals (appendix pp 16-18).

In our hypothesis-free screening, we found an increased
risk of initiating short-acting P2-agonists (salbutamol
RR 1-25 [95% CI 1-03-1-53]; terbutaline RR 1-49
[1.05-2-11]) and sumatriptan (RR 1-37 [0-94-1-99])
(appendix pp 19-20) among SARS-CoV-2-positive
individuals. When investigating the risk of receiving any
single hospital diagnosis, we identified increased risks of
receiving diagnoses related to potentially persisting
symptoms of COVID-19 (ICD-10 RO6—abnormalities of
breathing RR1-69[1-36-2-09]; ICD-10 R43—disturbances
of smell and taste RR 6-43 [2-04-20-3]) but also an
increased risk of receiving a first hospital diagnosis of
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SARS-CoV-2-positive  SARS-CoV-2-negative Propensity score-weighted
cohort (n/N) cohort (n/N) risk ratio (95% Cl)

Delayed acute complications
Myocarditis 0/NR (0) n<5
Heart failure 5/8908 (0-06) 86/79893 (0-1) e 0-58 (0-23 t0 1-43)
Venous thromboembolism 20/8785 (0-2) 110/78872 (0-1) ——i 1.77 (1-09 to 2-86)
Peripheral vascular disease n<5 22/80232 (0-03) NR
Ischaemic stroke or transient ischaemic attack 12/8748 (01) 117/78411(0-2) e 1.00 (0-55 t0 1-82)
Cerebral haemorrhage 0/8947 (0) 22/80462 (0-03)
Guillian-Barré syndrome 0/8976 (0) n<5
Encephalitis 0/8975 (0) n<5
Psychosis n<5 43/80244 (0-05) NR
Kawasakis disease 0/NR (0) 0/80882 (0)
PIMS 0/8976 (0) n<5 .
Acute kidney injury 58/8983 (0-7) 492/80894 (0-6) —o— 113 (0-86 t0 1-48)
Chronic disease
Pulmonary disease 22/8195(0-3) 441/70721(0-6) —e—i 0-45 (0-29 to 0-69)
Interstitial pulmonary fibrosis 0/8977 (0) 11/80800 (0-01) _
Cardiovascular disease 32/8146 (0-4) 328/71774 (0-5) —ei— 0-91(0-63t01-31)
Diabetes mellitus 9/8691(0-1) 81/77928 (0-1) —— 1-06 (0-53 to 213)
Neurological disease 33/8028 (0-4) 343/69664 (0-5) —er—i 0-90 (0-63 t0 1-29)
Neuropathies 11/8537 (0-1) 188/75365 (0-3) —e— 055 (0-30 to 1.01)
Psychiatric illness 27/8586 (0-3) 429/74641(0-6) —e—1 0-62 (0-42 t0 0-91)
Depression 9/8884 (0-1) 107/79616 (0-1) ————t 0-91 (0-46 t0 1-80)
Anxiety disorders 15/8786 (0-2) 293/77654 (0-4) ——i 0-54 (032 t0 0-90)
Persisting symptoms
Dyspnoea 103/8676 (1-2) 499/76728 (07) e 2.00 (1:62 t0 2:48)
Cough 17/8677 (0-2) 300/77596 (0-4) e 0-50 (0-31t0 0-82)
Anosmia n<5 0/80865 (0) .
Headache 33/8400 (0-4) 299/73799 (0-4) ——i 1.10 (0-77 t0 1.58)
Fatigue-related disorders 18/8809 (0-2) 175/78543 (0-2) e 0-97 (0-60 to 1-59)
Non-specific pain 24/8438 (0-3) 301/74235 (0-4) —ei 0-82 (0-54 to 1:24)

T T 1

0-10 050 1.0 2.0 10-0

Figure 4: Risks and risk ratios for receiving first hospital diagnoses 2 weeks to 6 months after a SARS-CoV-2 test in individuals not admitted to hospital
Counts less than five cannot be reported because of Danish legislation. PIMS=diagnoses related to paediatric inflammatory multisystemic syndrome. NR=not

reported because of Danish data protection laws.

other venous embolism and thrombosis (ICD-10 182;
RR 3-15 [1-33-7-45]; appendix pp 21-23). Other signals
identified were an increased risk of receiving a hospital
diagnosis of unspecified viral disease, chest and throat
pain, and fall-related injuries.

Individuals admitted to hospital after their SARS-CoV-2
infection (N=1310) were more burdened by comorbidities
and more often used drugs for chronic conditions than
those not requiring admission to hospital (appendix p 24).
When comparing hospitalised and non-hospitalised
SARS-CoV-2-positive individuals, we identified generally
increased risks beyond 2 weeks of initiating new drug
treatments (appendix p 25) and receiving new hospital
diagnoses (appendix pp 26-27) among the individuals
admitted to hospital.

Exclusion of primarily non-hospitalised individuals
who were admitted to hospital early in the post-acute
period, 3—4 weeks after the SARS-CoV-2 test, resulted in
attenuated risk estimates for venous thromboembolism
(adjusted RD 0-0 [95% CI -0-1to 0-1]; adjusted RR 1-33
[0-77 to 2-29]) whereas risk estimates for a diagnosis of

dyspnoea (adjusted RD 0-6 [0-3 to 0-8]; adjusted RR 1-93
[1-56 to 2-40]) remained unchanged.

We identified no increased risks of initiating new drug
therapies during the shorter period 2-14 weeks after a
SARS-CoV-2 test (appendix p 28), whereas risks of
receiving a first hospital diagnosis of dyspnoea (RR 1-66
[95% CI 1-24-2-22]) or venous thromboembolism
(RR 1-82 [1-02-3-25]) were also increased when only
considering these first 3 months of follow-up (appendix
pp 29-30). PERR-adjusted rate ratios during the first
3 months were similar to risk estimates for the full
duration of follow-up (appendix p 31).

Discussion

We did a nationwide cohort study investigating the
occurrence of post-acute effects of SARS-CoV-2 infection
in individuals who were not admitted to hospital for the
primary infection. Comparing SARS-CoV-2-positive with
SARS-CoV-2-negative individuals, we generally identified
no increased risk of delayed severe acute complications
and new onset of chronic disease, except for a slightly
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increased absolute risk of venous thromboembolism. We
did identify an increased risk of health-care encounters
caused by dyspnoea, but no increased risk of hospital
contacts for other symptoms previously reported to persist
after SARS-CoV-2 infection. In accordance with these
findings, SARS-CoV-2-positive individuals were more
likely than SARS-CoV-2-negative individuals to initiate
treatment with short-acting (-2 agonists 2 weeks to
6 months after the SARS-CoV-2 test. Furthermore, we
identified an increased risk of initiating treatment with
triptans after SARS-CoV-2 infection than in those not
infected. We also observed that SARS-CoV-2-positive
individuals overall visit their general practitioner more
often after the infection than SARS-CoV-2-negative
individuals, which could indicate that persisting symptoms
of SARS-CoV-2 infection are managed in general practice.

Most of the literature regarding post-acute compli-
cations of SARS-CoV-2 infection is based on follow-up of
individuals admitted to hospital for COVID-19,*%¢*% and
is therefore not generalisable to all individuals infected
with SARS-CoV-2. Because most SARS-CoV-2-infected
individuals are managed in the community,? it is of major
public health importance to better understand the risk of
delayed effects in non-hospitalised individuals.

The strengths of our study are related to the nationwide
coverage of the Danish health registries and the universal
tax-funded health insurance: using data from the
population-based Danish COVID-19 cohort® allowed us to
follow all individuals tested for SARS-CoV-2 in Denmark,
regardless of test location, severity of symptoms, or access
to health-care services, minimising selection biases and
increasing the generalisability of our results. SARS-CoV-2
infection status has been established by highly sensitive
and specific RT-PCR tests® for every individual,
eliminating any potential risk of major misclassification
of infection status. Still, no tests and sampling techniques
are 100% sensitive or specific, so false-negative or
false-positive results might have occurred.

In our study, follow-up was limited to 6 months after a
test for SARS-CoV-2, which might not yet account for all
long-term complications and persisting symptoms after
COVID-19. Some individuals with complications might
have been referred to hospital specialists, but might not
be seen in clinics before the end of follow-up, because
of low capacity during the COVID-19 pandemic. Also,
because of the registry-based nature of our study,
information on the indication for testing was not
available. This missing information might have resulted
in an imbalanced prevalence of symptomatic individuals
between cohorts.

Compared with previous studies, we found lower
absolute risks for most severe post-acute effects of
SARS-CoV-2 infection. Previous studies on serious compli-
cations of SARS-CoV-2 infection such as myocarditis,’
reduced lung function,® venous thromboembolism,*
encephalitis,” stroke,* and paediatric inflammatory multi-
systemic syndrome” were usually done in individuals

admitted to hospital with severe COVID-19 without control
groups, or by screening individuals with these conditions
for SARS-CoV-2 infection or vice versa, conferring a high
risk of selection and surveillance bias. Furthermore, we
did not identify any events of myocarditis, cerebral haemo-
rrhage, encephalitis, or diagnoses related to paediatric
inflammatory multisystemic syndrome in individuals with
SARS-CoV-2 infection not requiring hospital admission,
indicating that these complications might be exceedingly
rare in these SARS-CoV-2 cases. We did find an increased
risk of post-acute venous thromboembolism (adjusted
RR 1-77), and the fact that the risk estimates were
attenuated (adjusted RR 1-33) when excluding individuals
admitted to hospital for COVID-19 during week 3 and 4
after the SARS-CoV-2 test suggests that venous
thromboembolism events might occur with a delay in
some patients with COVID-19. In support of this
hypothesis, we also found an increased risk of receiving
a hospital diagnosis of other venous embolism and
thrombosis (appendix pp 21-23) when comparing
individuals with SARS-COV-2 infection not requiring
hospital admission with SARS-CoV-2-negative individuals.

Persistence of symptoms such as fatigue, cough,
dyspnoea, anosmia, headache, and joint pain have been
well described after primary SARS-CoV-2 infection, both in
hospitalised’” and non-hospitalised®* individuals. In our
study, we identified an increased risk beyond 2 weeks of
receiving a hospital diagnosis of dyspnoea (adjusted
RR 2-00), but no increased risk of hospital visits for other
symptom-related diagnoses, compared with SARS-CoV-2-
negative individuals. The increased risk of initiating short-
acting 3-2 agonists might be related to dyspnoea, as might
be the increased number of general practitioner and
outpatient hospital clinic visits (appendix pp 14-15) after
SARS-CoV-2 infection not requiring hospital admission.
Information on the reason for these visits was not available.
We could assume that excess general practitioner and
outpatient visits were due to persisting symptoms from
SARS-CoV-2 infection not leading to initiation of specific
drugs or acute treatment. A large, international patient-
initiated survey done in individuals who had persisting
symptoms after SARS-CoV-2 infection reported a high
prevalence of fatigue, dyspnoea, and cognitive issues at
any point from the primary SARS-CoV-2 infection and up
to 7 months after.” Our analysis only captures specific
symptoms leading to hospital contacts, and can therefore
not be used as a measure of the overall prevalence of these
symptoms. It is expected that absolute risks of persisting
symptoms such as dyspnoea or fatigue would be vastly
underestimated, because only a fraction of individuals
with these symptoms will be seen at a hospital. Still, the
discrepancy between patient-reported symptoms™” and
quantification of health-care encounters is important
knowledge, because it might indicate that a presumably
large share of patients with persisting symptoms after
SARS-CoV-2 infection might have unmet health-care
needs.
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Our study provides new evidence that the absolute risk
of delayed acute complications such as venous thrombo-
embolism, ischaemic stroke, and psychoses after
SARS-CoV-2 infection not requiring hospital admission
is low. Furthermore, the measured burden placed on the
secondary health-care sector by post-acute effects of
primarily non-hospitalised individuals with SARS-CoV-2
infection might be lower than expected, possibly because
of persisting symptoms being managed in general
practice or not all persisting symptoms leading to
health-care encounters.

Future large, population-based, controlled studies
making use of patient-reported symptoms and planned
study visits need to be done to fully assess the duration
and spectrum of any persisting symptoms after
SARS-CoV-2 infection.

In conclusion, the absolute risk of delayed acute
complications, new onset of chronic disease, and hospital
encounters for persisting symptoms 2 weeks to 6 months
after SARS-CoV-2 infection not requiring hospital
admission is low. However, among those not admitted to
hospital, SARS-CoV-2-positive individuals are at a slightly
increased risk of venous thromboembolism, receiving a
hospital diagnosis of dyspnoea, initiating bronchodilator
therapy, and initiating triptans compared with indi-
viduals who tested negative for SARS-CoV-2. Moreover,
SARS-CoV-2-positive individuals visited their general
practitioner and outpatient hospital clinics more often
after the primary infection than those who tested negative,
which could indicate persistent symptoms that do not lead
to specific drug treatment or hospital admission.
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