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ABSTRACT

Objectives: To assess risk factors for SARS-CoV-2 infection by first comparing positive
cases with negative controls as determined by polymerase chain reaction (PCR) testing and
then comparing these two groups with an additional population control group.

Design and setting: Test-negative design (TND), multicentre case-control study with
additional population controlsin South Eastern Norway.

Participants: Adults who underwent SARS-CoV -2 PCR testing between February and
December 2020. PCR-positive cases, PCR-negative controls, and additional age-matched
population controls.

Primary outcome measures: The associations between various risk factors based on self-
reported questionnaire and SARS-CoV-2 infection comparing PCR positive cases and PCR-
negative controls. Using subgroup analysis, the risk factors were then compared with a
population control group. Univariate and multivariate regression analyses were performed.

Results: In total, 400 SARS-CoV-2 PCR-positive cases, 719 PCR-negative controls, and
14,509 population controls were included. Male sex was associated with the risk of SARS-
CoV-2 infection when PCR-positive cases were compared with PCR-negative controls (OR
1.9, 95% CI 1.4t0 2.6). Age, education level, comorbidities (asthma, diabetes, hypertension),
an exercise were not associated with the risk of SARS-CoV -2 infection when PCR-positive
cases were compared with PCR-negative controls. In the subgroup analysis comparing PCR-
positive cases with age-matched population controls, asthma was associated with the risk of
SARS-CoV-2 infection (OR 1.6, 95% CI 1.1 to 2.1). Daily or occasional smoking was
negatively associated with the risk of SARS-CoV-2 infection in both analyses (OR 0.5, 95%
Cl 0.3t00.8 and OR 0.55, 95% CI 0.35, to 0.82, respectively).

Conclusions: Male sex was a possible risk factor, whereas smoking was negatively associated
with the risk of SARS-CoV -2 infection, when comparing PCR-positive cases and PCR-
negative controls. Asthma was associated with the risk of SARS-CoV -2 infection when PCR-
positive cases were compared with population controls.

Keywords: test-negative design, case-control studies, risk factors, COVID-19, SARS-CoV-2
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ARTICLE SUMMARY

Strengthsand limitations of this study

e Thetest-negative design (TND) was an important strength of this study. The
design can reduce confounding from healthcare-seeking bias because PCR-
controls are likely to have similar healthcare-seeking attitudes as PCR+ cases.

e Thisstudy mostly included non-hospitalised patients, which can improve the
generalisability of the findings to the general public.

e Theuse of an additional control group from the general public for comparison with
the findings from the test-negative controls provides further information on the
similarities and differencesin risk factors for COVID-19 and other respiratory tract
infections.

¢ Inthe subgroup analyses, PCR+ cases and PCR- controls were compared with the
population controls to assess the risk factors for those aged 18-55 years. Hence,
the results may not be generalisable to patients older than 55 years.

e PCR test results, rather than symptoms, were used to categorise the participants
into cases or controls, and therefore risk factors for SARS-CoV -2 infection and not
COVID-19 disease were assessed.
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INTRODUCTION

Understanding the risk factors for severe acute respiratory syndrome coronavirus 2 (SARS
COV-2) infection is essential for prevention of new waves of Coronavirus Disease-19
(COVID-19), developing new vaccination strategies and in preparation for future pandemics.
Various studies have explored the risk of SARS-CoV -2 infection as well as COVID-19
severity and mortality. Although several risk factors for SARS-CoV -2 infection and COVID-
19 have been identified, findings have been conflicting (1-4), particularly with regard to the
association between smoking status, obstructive lung diseases, including chronic obstructive
pulmonary disease and asthma, and the risk of SARS-CoV -2 infection and development of
COVID-19 (3, 5-12).

Diabetes mellitus is an important risk factor for disease severity and hospital mortality (1, 3,
13). In ameta-analysis of adults hospitalised in 11 countries, overweight and diabetic patients
were more likely to require respiratory support (13). Another meta-analysis showed that
obesity was associated with the COVID-19 susceptibility and severity (14). Hypertension has
also been linked with COVID-19 severity (2). In addition, advancing age > 60 years and male
sex were associated with increased mortality (2). Air pollution can be arisk factor for upper
and lower respiratory tract diseases. There are few previous studies that report association of
concentrations of particulate pollutantsin cities and COVID-19 incidence (15). To our
knowledge no studies have investigated environmental factor, such as air pollution from
wood-fired heating, as potential risk factor for SARS-CoV-2 infection (15).

COVID-19 varies from asymptomatic infection to mild pneumonia and may lead to serious
respiratory illness and death. Most SARS-CoV -2 infected individuals have mild symptoms
and are not hospitalised, but few studies assess these patients (16). To date, most studies have
been retrospective, designed as traditional case-control studies and cohort studies involving
hospitalised patients, and have demonstrated substantial heterogeneity among findings (1, 6,
17, 18). In contrast, our test-negative design (TND) multicentre case-control study, using two
different control groups differs from the classical case-control study in that the controls are
defined by a negative test result (19-21). This study design can reduce potential bias resulting
from differencesin health care-seeking attitude between cases and controls (19). Further, we
utilize a population control group from the pre-existing Telemark general population study
dataset, which included arandom sample of 14,509 participants included in 2018 (22). The
additional control group makes it possible to assess similarities and differences between the
PCR-negative and general population control group.

Polymerase chain reaction (PCR) tests are the gold standard for detection of SARS-CoV-2
(23) . Therefore, the aim of this study was to assess the risk factors for SARS-CoV-2 infection
by comparing individuals with PCR positive (PCR+) and PCR negative (PCR-) tests as part of
a TND case-control study with additional population controls (19-21).

METHODS

Study design and setting

We designed a TND case-control study with additional population controls. Participants were
defined as ‘cases’ or ‘controls’ based on their PCR+ and PCR- test results, respectively. We
used the first PCR test results of each participant during the inclusion period in our analysis.
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First, we compared SARS-CoV -2 PCR-positive individuals (cases) with SARS-CoV-2 PCR-
negative individuals (controls) in a classic TND study. The participants were recruited from
the counties of Agder and Telemark in South-Eastern Norway from February to December
2020 during the first and second waves of the COVID-19 pandemic, and when the SARS-
CoV-2 Alpha variant was dominant. The participants were recruited by telephone from all
hospitals in the region, municipal laboratories, and COVID-19 test centres. The participants
were chronologically selected from the PCR test lists during the study period. The inclusion
criteriawere (i) adults aged > 18, (ii) SARS-CoV-2 RT-PCR test result, and (iii) resident of
South-Eastern Norway, specifically Agder and Telemark counties, during the inclusion
period. Participants who were unable to answer the questionnaire, which was conducted in
Norwegian, were excluded.

The official Norwegian testing criteriafor SARS-CoV -2 changed over time but were the same
for the PCR+ and PCR- participants in the study period. In the first wave of the pandemic,
PCR testing was restricted to symptomatic patients. In the second wave, PCR testing was
additionally applied to close contacts and asymptomatic individuals during the outbreaks.
Participants were included regardless of their symptoms. Only 58 participants (5%) in the
PCR+ cases and PCR- controls were asymptomatic. Most PCR+ cases had mild symptoms,
with only 22 (6%) participants hospitalised during the study period (24). We aimed to include
400 PCR+ cases, and two PCR- controls matched for test time of administration and
geographical location per PCR+ case to increase the power of the study.

Next, we compared PCR+ cases and PCR- controls (aged 18-55 years) with an age-matched
population control group (aged 21-55 years) as part of a subgroup analysis. The population
control group data were obtained from the pre-existing Telemark study dataset which
included arandom sample of 14,509 participants, aged 21 to 55, residing in Telemark,
Norway in 2018 (22). Given that this dataset was collected more than 1 year before the
pandemic, it was assumed to be PCR-negative for SARS-CoV-2. By adding population
controls and using the TND, we compared PCR+ cases with two different control groups.

We used STROBE case-control reporting guidelines for our study (25).

Questionnairedesign

We used questions from the Norwegian Health Institute COVID-19 questionnaire and the
Telemark study questionnaire (22, 26, 27), in addition a few questions were provided by the
study group. The questionnaire consisted of questions related to (1) education status, (2)
smoking habits, (3) respiratory symptoms and/or diseases, such as asthma or chronic
obstructive pulmonary disease (COPD), (4) comorbidities, (5) exercise, and (6) environmental
exposure to pollution from traffic or wood-fired heating. Questions are shown in the
Supplementary table S1.Self-reported questionnaire data from the Telemark study dataset
were used as population controlsin the extended TND (22).

Statistical analysis

The mean, standard deviation (SD), and median were reported for continuous variables, as
appropriate. Categorical data were reported as frequencies and percentages. Logistic
regression models were used to assess the possible risk factors. Univariate analysis was
performed for each factor after adjusting for age and sex. Multivariate analysis was performed


https://doi.org/10.1101/2023.03.15.23287300
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2023.03.15.23287300; this version posted March 19, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

using all of the predictors. To determine the association between risk factors and PCR test
positivity, odds ratios (OR) were reported with 95% confidence intervals (CI). Statistical
analyses were performed using R (version 4.2; R Core Team, Vienna, Austria).

Our questionnaire had alow rate of missing data, ranging from 0% to 6.2% for each question,
with the exception of those related to smoking habits, which had 11.2% and 15.3% missing
data for PCR+ and PCR- participants, respectively. Due to the subsequent follow-up
questions, the questionnaire used in the population control group had no missing data for
questions related to smoking habits, asthma, COPD, diabetes, hypertension, and wood
heating. For the same reason, there were no missing for the question about wood heating in
our study. The remaining questions among the population controls had a low rate of missing
data, ranging from 1.8% to 6.2%, with the exception of exercise which was 13.5% missing.
We did not perform data imputation. We assumed that the data had values missing at random.

Patient and public involvement

According to the Norwegian National Guidelinesfor User Involvement in Health Research in
May 2018, two user representatives of SARS-CoV-2 PCR-positive patients were involved.
They played an activerolein all project phases, including the development and testing of
questionnaires. The user representatives helped us understand the patient perspective, gave
feedback on protocols, study methods, information and consent forms, and questionnaires,
and participated actively in the dissemination of results achieved until now. All study results
are also communicated via www.sthf.no/hel sefaglig/forskning-og-

innovas on/forskningsprosj ekter/covita and www.sshf.no/hel sefagli g/forskning-og-
innovasjon/covita-studien.

RESULTS

Of 656 eligible PCR+ participants and 923 eligible PCR- participants, 400 PCR + cases and
719 PCR- controls were included. The study flow chart isshownin Figure 1. The
characteristics and comorbidities of the PCR+, PCR-, and population controls are shown in
Table 1.

Table 1 Characteristics of the PCR+ cases and PCR- controls 3-5 months after
PCR test and the population control group data from the pre-existing Telemark

study dataset.

Characterigtics PCR+ cases PCR- controls Population controls
N = 400 (%) N =719 (%) N = 14509 (%)

Demographics

Agein years, mean (SD), 47.6 (15.1),47.0 47.3(14.3),47.0 42.6 (9.7), 450

median

Age categories

16-30 59 (14.8) 92 (12.8) 2392 (16.5)

31-40 78 (19.5) 175 (24.3) 2904 (20.0)

41-50 94 (23.5) 159 (22.1) 5360 (36.9)
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51-60 85(21.2) 146 (20.3) 3853 (26.6)

> 60 84 (21.0) 147 (20.4) *

Sex, maes 197 (49.3) 241 (335) 6142 (42.3)
females 203 (50.7) 478 (66.5) 8367 (57.7)

BMI in kg/m? mean (SD), 26.4 (4.5),25.6 26.7 (5.7), 25.6 26.3(4.9), 255

median

BM I in category, kg/m?

185-24.9 162 (40.5) 276 (38.4) 6140 (42.3)

<185 5(1.3) 13(1.8) 161 (1.1)

25-29.9 149 (37.3) 262 (36.4) 5255 (36.2)

30-39.9 67 (16.8) 148 (20.6) 2623 (18.1)

Missing data 17 (4.2) 20 (2.8) 330 (2.3)

Education

Primary + secondary school 39 (9.8) 77 (10.7) 1246 (8.6)

High school + certificate 151 (37.8) 221 (30.7) 5146 (35.5)

University 199 (49.8) 413 (57.4) 7851 (54.1)

Missing data 11 (2.8) 8(1.1) 266 (1.8)

Smoking

Never smoker 218 (54.5) 321 (44.6) 8359 (57.6)

Past smoker 106 (26.5) 204 (28.4) 3667 (25.3)

Occasional and daily smoker 31 (7.8) 84 (11.7) 2483 (17.1)

Missing data 45 (11.2) 110 (15.3) 0(0)

Comorbidities

Asthma

Yes 64 (16.0) 135 (18.8) 1760 (12.1)

No 313(78.3) 552 (76.8) 12749 (87.9)

Missing data 23(5.7) 32(44) 0(0)

COPD

Yes 6 (1.5) 27 (38) 155 (1.1)

No 369 (92.3) 657 (91.4) 14354 (98.9)

Missing data 25 (6.2) 35(4.8) 0(0)

Diabetes

Yes 20 (5.0 27 (3.8) 370 (2.6)

No 369 (92.3) 689 (95.8) 14139 (97.4)

Missing data 11 (2.7) 3(04) 0(0)

Hypertension

Yes 38 (9.5) 73(10.2) 1369 (9.4)

No 351 (87.7) 643 (89.4) 13140 (90.6)

Missing data 11 (2.8) 3(04) 0(0)

Exerciset

< once aweek 60 (15.0) 126 (17.5) 2699 (18.6)

Once aweek 87 (21.7) 128 (17.8) 2416 (16.7)

2-3 times aweek 139 (34.8) 287 (40.0) 4993 (34.4)

4-7 times aweek 93 (23.2) 152 (21.1) 2443 (16.8)

Missing data 21 (5.3) 26 (3.6) 1958 (13.5)
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Bedr oom windowi

No 253 (63.2) 433 (60.2) 8226 (56.7)
Yes, little trafficked road 105 (26.3) 224 (31.2) 4443 (30.6)
Y es, moderate/ busy road 27 (6.7) 52 (7.2) 1121 (7.7)
Missing data 15 (3.8) 10 (1.4) 719 (5.0)
Wood heating§

No use 154 (38.5) 236 (32.8) 7551 (52.0)
Seldom 101 (25.2) 181 (25.2) 1524 (10.5)
2-3 times aweek 70 (17.5) 137 (19.1) 2943 (20.3)
Daily 75 (18.8) 165 (22.9) 2491 (17.2)
Missing data 0(0) 0(0) 0(0)

SD, standard deviation; BMI, body mass index; COPD, chronic obstructive pulmonary disease.
*Lacking this age group in the dataset.

tHow often do you exercise?

¥ls your bedroom window closer than 20 m from abusy road?

§How often do you use wood heating in your house during winter?

The PCR+ cases and PCR- controls had a mean age of 48+15 years and 47+14 years,
respectively. Male participants represented 49% PCR+, 34% PCR-, and 42% of the
population controls. Asthmawas present in 64 (16.0%) of the PCR+ group, 135 (18.8%) of
the PCR- group, and 1,760 (12.1%) of the population controls.

Characteristics and comorbidities for the subgroup analysis of the PCR+ cases and PCR-
controls and population control group are shown in Supplementary Table S2.

The univariate and multivariate regression analyses for possible SARS-CoV-2 infection risk
factors for the PCR+ cases and PCR- controls are presented in Table 2.

Table 2 Univariate and multivariate regression analysesfor possible SARS-CoV-2
infection risk factors for PCR+ cases vs PCR- controls adjusted for age and sex.

Demographics PCR+ cases(N = 400) vsPCR-  PCR+ cases (N = 400) vs PCR-
controls (N = 719), univariate controls (N = 719), multivariate

analysis adjusted for age and analysisadjusted for ageand sex
X

OR 25% 975% p-vdue OR 25% 975% p-vaue
Ageinyears, category

16—30 (reference)

3140 065 042 09 0.05 0.78 0.48 125 0.29
41-50 084 05 128 042 0.18 0.74 191 0.49
51-60 082 053 126 0.36 124 0.75 203 0.40

> 60 080 052 123 0.30 116 0.68 1.98 0.59
Sex

Female (reference)

Mde 195 151 251 <0.001 192 143 257 < 0.001

BMI inkg/m?in category

18.5—24.9 (reference)
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<185 067 021 1.86 047 051 0.14 155 0.27
25-29.9 087 065 116 0.34 0.92 0.66 127 0.61
>30 069 048 098 0.04 0.67 0.44 101 0.06
Education

Primary + secondary school
(reference)

High school + certificate 126 081 199 0.30 1.70 0.99 298 0.06
University 094 061 146 0.78 1.06 0.63 183 0.82
Smoking

Never smoker (reference)

Past smoker 078 058 105 0.10 0.74 053 102 0.07
Daily + occasional smoker 054 034 084 0.008 0.50 031 0.81 0.005
Comor bidities

Asthma
No (reference)

Yes 081 0578 113 0.22 0.83 0.57 1.20 0.33
Diabetes

No (reference)

Yes 133 072 24 0.36 1.05 0.48 2.26 0.90
COPD

No (reference)

Yes 036 013 0.84 0.03 041 0.13 111 0.10
Hypertension

No (reference)

Yes 087 055 135 0.54 0.75 043 1.28 0.30

Exer cise*

< once aweek (reference)

Once a week 144 095 220 009 146 092 233 011
2-3 times a week 101 070 147 09 0.97 0.64 147 088
47 times a week 125 083 189 0.28 116 073 185 052
Bedroom windowt
No (reference)
Yes, littletraffic 080 060 106 012 090 065 124 052
Y es, moderate/ busy road 093 056 152 0.77 106 060 185 083
Wood heatingt
No (reference)
Seldom 086 062 118 034 083 057 121 034
OR, odds
2-3 times a week 080 056 114 o021 0.79 0.53 118 026 ratio; BMI,
Daily 072 051 102 006 060 040 089 001 ibr%‘g mass

COPD, chronic obstructive pulmonary disease.

*How often do you exercise?

tls your bedroom window closer than 20 m from abusy road?
FHow often do you use wood heating in your house during winter?

Male sex was significantly associated with the risk for SARS-CoV -2 infection when
comparing PCR+ cases and PCR- controls (OR 1.92, 95% CI 1.43 to 2.57; p < 0.001). Age,
education level, and comorbidities were not associated with SARS-CoV-2 infection. Daily or
occasional smoking was negatively associated with SARS-CoV -2 infection (OR 0.50, 95% ClI
0.31t00.81; p = 0.005).
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The subgroup analysis of participants aged 18-55 years comparing PCR+ cases with two
different control groups, PCR- controls and population controls are shown in Table 3.

Table 3 Multivariate regression analysis for SARS-CoV -2 infection risk factors for a subgroup of
PCR+ cases and PCR- controls and the same subgroup of PCR+ cases and population controls

adjusted for age and sex.
PCR+ cases (N = 286) vs PCR- PCR+ cases (N = 286) vspopulation
controls (N = 502), multivariate controls (N = 14509), multivariate
analysis adjusted for age and sex analysis adjusted for age and sex
Demographics (Aged 18-55) (Aged 18-55)*
Agein yearsand category OR 25%  97.5% p-vaue OR 2.5% 97.5% p-vaue
18-30 (reference)
31-40 078 048 126 031 1.03 0.71 150 0.89
41-50 122 076 198 042 0.67 0.46 097 0.03
51-55 129 078 214 0.32 0.92 0.63 135 0.67
Sex
Female (reference)
Male 177 128 214 0.32 120 0.93 154 0.16
BMI in kg/m?in category
18.5-24.9 (reference)
<185 069 018 223 056 165 0.50 4.10 0.34
25-29.9 096 067 137 0.80 1.06 0.80 141 0.66
>30 068 043 106 0.09 112 0.77 159 0.55
Education
Primary + secondary school
(reference)
High school + certificate 193 103 375 0.05 114 0.69 120 0.62
University 112 061 215 0.72 1.00 0.60 170 0.93
Smoking
Never smoker (reference)
Past smoker 064 044 0.93 0.02 0.88 0.65 117 0.39
Daily + occasional smoker 0.48 0.28 0.79 0.004 055 0.35 0.82 0.005
Comorbidities
Asthma (noisreference)
Yes 083 056 125 0.38 156 112 214 0.007
Diabetes (noisreference)
Yes 100 036 261 0.99 128 0.57 249 051
COPD (noisreference)
Yes 045 006 204 034 0.77 0.13 249 0.72
Hypertension (no isreference)
Yes 071 032 151 0.39 0.37 0.19 0.65 0.001
Exercise(<onceaweek is
reference) t
Once a week 168 101 281 0.05 202 135 3.05 < 0.001
2-3 times a week 128 080 205 031 147 101 219 0.05

47 times a week 133 080 225 0.28 185 123 283 0.004
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Bedroom window (nois

reference) ¥

Yes littletraffic 102 073 144 0.89 0.H4 0.72 123 0.67

Y es, moder ate/busy road 114 060 213 0.68 0.77 0.46 122 0.30
Wood heating (no isreference)§

Seldom 077 050 117 0.22 425 307 5.86 <0.001
2-3 times a week 079 051 123 0.30 165 117 2.30 0.003
Daily 061 039 044 0.03 213 150 299 <0.001

OD, oddsratio; BMI, body mass index; COPD, chronic obstructive lung disease.
* The population control group was aged 21-55 years.

THow often do you exercise?

FIs your bedroom window nearer than 20 m from the trafficked road?

8How often do you use wood heating in your house during winter?

Comparison of PCR+ cases with population controls in the subgroup analysis revealed that
exercising once aweek (OR 2.02, 95% CI 1.35 to 3.05), 2-3 times aweek (OR 1.47, 95% ClI
1.01to0 2.19), and 4—7 days a week (OR 1.85, 95% CI 1.23 to 2.83), having asthma (OR 1.56,
95% Cl 1.12 to 2.14) and using wood heating seldom (OR 4.25, 95% CI 3.07 to 5.86), 2113
times aweek (OR 1.65, 95% CI 1.17 to 2.30) and daily during the winter (OR 2.13, 95% CI
1.50 to 2.99) were associated with SARS-CoV -2 infection. Comparison of PCR+ cases with
PCR- controls or with the population controls revealed that daily or occasional smoking (OR
0.48, 95% CI 0.28t0 0.79) and (OR 0.55, 95% CI 0.35 to 0.82), respectively, was negatively
associated with SARS-CoV -2 infection. Hypertension was negatively associated with SARS-
CoV-2 infection when PCR+ cases were compared with population controls (OR 0.37, 0.19 to
0.65,). Age, body massindex (BMI), education level, and comorbidities were not associated
with SARS-CoV-2 infection when comparing PCR+ and PCR- controls.

The regression analysis comparing the PCR- and population control groupsis shownin
Supplementary Table S3.

DISCUSSION

In this TND study, we identified the male sex as arisk factor for SARS-CoV-2 infectionin
patients. In addition, smoking was negatively associated with SARS-CoV-2 infection in both
the TND and population control analyses. Asthma demonstrated a non-statistically significant
negative association with SARS-CoV-2 infection in the TND and a positive association when
comparing PCR+ cases with the population controls. COPD showed a negative association
with SARS-CoV-2 infection in both control group analysis. While exercising and wood
heating during the winter were highlighted as possible risk factors for SARS-CoV-2 infection
when comparing PCR+ cases with population controls, this was not the case when comparing
with PCR- participants.

Male sex was associated with SARS-CoV -2 infection, which isin line with previous studies
(28). In a systematic review and meta-analysis, a higher ratio of COVID-19 in males than
females (100:82.5) was reported (16, 28). A meta-analysis also showed a higher risk for
SARS-CoV -2 infection in men than that in women, with arelative risk of 1.08 (16).
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In our study, current smoking status was negatively associated with SARS-CoV -2 infection.
This paradoxical finding is reflected in the literature, with many studies reporting discordant
results (5, 12, 29, 30). The lack of severe COVID-19 symptoms among our partici pants can
have contributed to this result, with only 6% of our participants hospitalised. Moreover, the
PCR- controls in our study had other common respiratory infections, which may be associated
with smoking (12). Previous studies have shown that current smokers have worse outcomes
associated with COVID-19 (8, 29, 30). Given that we did not obtain data related to the pack-
years or duration of smoking, our results should be interpreted with caution.

Asthma and COPD were not associated with SARS-CoV-2 infection in the TND, which s
comparable to studies from the early phase of the pandemic (5, 9). This may be due to the
willingness of individuals with asthma to be tested whenever they develop respiratory
symptoms that could indicate COVID-19. In aTND, the PCR- controls will have signs and
symptoms of respiratory tract infections other than COVID-19. Thus, asthma may still be
associated with COVID-19, as well as with other respiratory tract infections. A large cohort
study from the United Kingdom reported that those with well-controlled mild asthma did not
have a significantly increased risk of hospitalisation or COVID-19 related mortality than
healthy individuals (11). Interestingly, in our study, asthma was associated with SARS-CoV -2
infection in the subgroup analysis comparing PCR+ cases with population controls. The
reason for this finding is not clear; however, we observed arelatively high prevalence of
asthma (16%) among the PCR+ casesin our study, but not COPD (1.5%). In many COVID-
19 studies, alow prevalence of asthma (1%) and varying prevalence of COPD (2-14%) for
SARS-CoV -2 infected patients have been reported (5-7, 9). It is possible that patients with
chronic diseases may have isolated more than others during lockdowns in some countries or
regions. The potential protective immunity provided by therapies used to treat chronic
respiratory diseases may also explain the low prevalence of COVID-19 among adults with
asthmaor COPD in some studies (5, 7, 9). On the contrary, more severe asthma and
prescription of medium- or high-dose inhaled corticosteroids have been considered as risk
factors for COVID-19 (11).

In astudy by Lacedonia et al., the prevalence of COPD and current smokers was low, but
when infected with SARS-CoV -2, these groups had the highest all-cause mortality (5). A
nationwide Korean study showed that COPD was associated with an increased risk of
COVID-19 susceptibility; however, the prevalence of COPD among severe COVID-19
patients or COVID-19 mortality did not increase, but smoking influenced COPD outcomes
(20). The heterogeneity of these findings may be attributed to study design, such as the
selection of controls, sample size, and geographical location.

Our study demonstrated no association between age, BMI, education level, diabetes, having a
bedroom window closer atrafficked road and SARS-CoV -2 infection. Hypertension was
inversely associated with SARS-CoV -2 infection, which contradicts other studies (7). Obesity
has been associated with COVID-19 susceptibility and severity (17, 31), and is thought to be
an important prognostic factor (4, 14, 17, 31, 32). Diabetes has also been proposed as a risk
factor for developing severe COVID-19 and mortality (1, 3, 13). Given that our study mostly
included patients with mild COVID-19 symptoms and few hospitalised participants, this may
have contributed to the finding of no associations between these factors and SARS-CoV-2
infection.
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In the subgroup analysis comparing PCR+ cases and population controls, asthma, exercise
and wood heating were possible risk factors for SARS-CoV-2 infection. However, given the
possibility of selection bias due to differences in socioeconomic status or health care-seeking
attitudes, these findings should be interpreted with caution. Analysing PCR+ cases with PCR-
participants as controls in TND may have reduced this bias.

We obtained different results for asthma, exercise, and wood heating in the TND analysis than
in the subgroup analyses using population controls, although findings for sex, age, smoking,
and COPD showed similar directions of association. However, the interpretation of how
smoking habits affect the risk of SARS-CoV -2 infection requires further assessment owing to
the limited study size.

This study had some limitations. First, the questionnaire was conducted in South-Eastern
Norway during a period when the SARS-CoV -2 Alpha variant was dominant; therefore, these
results may not be entirely representative of other countries or virus strains. However,
Telemark and Agder have both rural and urban areas and are considered to well-represent
Nordic populations. Second, we compared PCR+ cases and PCR- controls with population
controls to assess the risk factors for individuals aged 18-55 years; hence, the results of our
subgroup analyses may not be generalisable among those > 55 years.

Third, there is apossibility of recall bias due to the use of a self-reported questionnaire;
however, questions included were comparable to other studies (22, 33), including studies
assessing COVID-19 (26, 27). Fourth, confounding unknown factors are possible in all
epidemiological studies. Theoretically, misclassification of controlsin TND may be more
likely than in classical case-control studies (21). Misclassification of cases was considered
less likely due to the high sensitivity of PCR tests (34, 35). We confirmed also a high
specificity of the PCR tests with only few PCR- controls with positive antibodies in our
previous study (24).

With the TND, which is often used for vaccine studies, it is possible to identify risk factors
that are specific for COVID-19 by adding population controls (21, 36, 37). Furthermore, in
the traditional TND design, participants are included before the test results. In our study, all
individuals that matched our inclusion criteriawere recruited and defined as cases or controls
regardless of symptoms and depending only on their PCR test results (38, 39). However, we
did not consider this as a limitation because the mgority of the participantsin our study had
symptoms.

Healthcare-seeking attitude as a possible source of selection bias may be reduced with TND,
as both groups have the same reason for testing (40, 41). In contrast to traditional case-control
studies, controls are tested for the disease under study and are those with negative test results
without exception. Although the criteriafor PCR testing changed, the differencesin the
groups due to variation of testing strategies during the two pandemic phases were reduced
because the PCR tests were matched for time and place. To assess if the PCR- control group
accurately represented the source population, an additional general population control group
was utilised. As demonstrated in our study, the choice of test-negative or population controls
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can effect outcomes regarding risk factors for SARS-CoV -2 infection.

Overall, selecting appropriate study designs and combining all relevant information from
studies assessing risk factors for SARS-CoV-2 infection and COVID-19 are vital for the
prevention of new waves of COVID-19 and other pandemics in the future. In particular,
findings from TND studies assessing risk factors may also contribute to the devel opment of
new vaccination strategies. However, further research is needed to address the evolution of
virus variants, uptake of vaccination, and differences in humoral and cellular protective
immunity among risk groups.

CONCLUSION

In this study, there were differences in the risk factors for SARS-CoV -2 infection between the
test-negative design and when using population controls. Male sex was associated with the
risk of SARS-CoV -2 infection when comparing PCR+ cases and PCR- controls, while
smoking was negatively associated with SARS-CoV -2 infection in both the test-negative
design and when using population controls. This discordance may partly be explained by the
differences in healthcare-seeking attitudes among the PCR+ group compared to the
population control group.
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Figurelegends

Figure 1. Flow chart for inclusion of participantsin this study.
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