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Abstract

Rationale: Both genetic variants and chronic obstructive pulmonary
disease (COPD) contribute to the risk of incident severe coronavirus
disease (COVID-19). Whether genetic risk of incident severe
COVID-19 is the same regardless of preexisting COPD is unknown.

Objectives: In this study, we aimed to investigate the potential
interaction between genetic risk and COPD in relation to severe
COVID-19.

Methods: We constructed a polygenic risk score for severe
COVID-19 by using 112 single-nucleotide polymorphisms in
430,582 participants from the UK Biobank study. We examined
the associations of genetic risk and COPD with severe COVID-19
by using logistic regression models.

Results: Of 430,582 participants, 712 developed severe COVID-19
as of February 22, 2021, of whom 19.8% had preexisting COPD.

Compared with participants at low genetic risk, those at
intermediate genetic risk (odds ratio [OR], 1.34; 95% confidence
interval [CI], 1.09-1.66) and high genetic risk (OR, 1.50; 95% CI,
1.18-1.92) had higher risk of severe COVID-19 (P for

trend =0.001), and the association was independent of COPD (P for
interaction = 0.76). COPD was associated with a higher risk of
incident severe COVID-19 (OR, 1.37; 95% CI, 1.12-1.67; P=0.002).
Participants at high genetic risk and with COPD had a higher risk
of severe COVID-19 (OR, 2.05; 95% CI, 1.35-3.04; P < 0.001) than
those at low genetic risk and without COPD.

Conclusions: The polygenic risk score, which combines
multiple risk alleles, can be effectively used in screening for high-
risk populations of severe COVID-19. High genetic risk correlates
with a higher risk of severe COVID-19, regardless of preexisting
COPD.
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The ongoing pandemic due to severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) has affected more than 149 million
people worldwide as of April 29, 2021 (1),
with the median infection fatality rate of
0.00-1.63% (2). The severity of coronavirus
disease (COVID-19) ranged from mild to
severe illness that might readily result in
death (3). A surge of severe cases requiring
intensive care unit (ICU) admission has been
observed (4). There has been a compelling
need to identify the risk factors of severe
COVID-19, which would enable the risk
stratification, triage, and optimization of
resource allocation.

Using a case—control design, recent
genome-wide association studies (GWASs)
have identified several DNA polymorphisms
that might substantially influence the risk of
developing severe COVID-19, including
rs11385942 on LZTFLI (leucine zipper
transcription factor-like 1), rs657152 on ABO
(ABO blood group), rs429358 on APOE
(apolipoprotein E), rs142984500 on
angiotensin-converting enzyme 2, and
rs12329760 on TMPRSS2 (transmembrane
serine protease 2) (5-9). However, the effect
size of each of these GWAS variants is
generally small. For example, some people
who test negative for risk gene mutations
may be at high genetic risk because of other
unmeasured genetic factors. Although each
individual variant only explains a small
proportion of severe COVID-19 risk, the
combination of many genetic variants into a
single polygenic risk score (PRS) explains a
greater proportion of the risk. Therefore,
aggregating multiple single-nucleotide
polymorphisms (SNPs) to generate a
composite PRS might help explain the
genetic risk of polygenic diseases and provide
a quantitative measure of the genetic risk (10,
11). A previous study has revealed a
statistically significant association of PRS
based on six DNA polymorphisms and risk
of incident severe COVID-19 among athletes
(12). However, the previous study was
limited by the relatively small sample size
and the relatively few genetic polymorphisms
in the PRS assessment. PRSs based on larger
GWASs and larger sample size, and
including more variants, tend to exhibit
higher predictive performance (13).

According to the previous studies, both
angiotensin-converting enzyme 2 and
TMPRSS2 were found to be significantly
upregulated in patients with chronic

obstructive pulmonary disease (COPD)
compared with healthy subjects, and the
ABO locus influences blood biomarker
measurements in COPD (14-16).
Accumulating evidence indicated that COPD
might be a risk factor for severe COVID-19
(17-21). For instance, a meta-analysis
focusing on comorbidities in 1,558 patients
documented a high odds ratio (OR) for
severe COVID-19 in patients with
preexisting COPD (OR, 5.97), as compared
with the relatively lower OR of other
common comorbidities such as hypertension
(OR, 2.29), diabetes (OR, 2.47), and
cardiovascular diseases (OR, 3.89) (18).
However, the relevance of composite PRS
and COPD in individual patients with severe
COVID-19 remains uncertain, and the
interplay between genetic risk and COPD in
the context of severe COVID-19 is largely
unknown.

Therefore, based on the UK Biobank
study, we investigated the association
between genetic risk and incident severe
COVID-19 in different subgroups with or
without preexisting COPD. We also sought
to investigate the potential interactions
between genetic risk and COPD.

Methods

Study Population

The study population and design of the UK
Biobank study have been described
previously (22-24). Briefly, the UK Biobank
study is a prospective, population-based
cohort study with more than 500,000
participants aged 40-69 years who attended
one of the 22 participating sites across the
UK (England, Scotland, and Wales) between
2006 and 2010. The study collects extensive
data from questionnaires, interviews, health
records, physical measures, biological
samples, and radiology. Blood samples are
also obtained for genotyping. For all
participants, retrospective and prospective
linkage to electronic health data are available,
including Hospital Episode Statistics (HES).
The HES provides detailed information for
participants admitted to the hospital and
includes coded data on the diagnoses. Data
on mortality are updated from National
Health Service Digital for participants in
England and Wales and from the National
Health Service Central Register for
participants in Scotland. The UK Biobank
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study received approval from the North
West Multicenter Research Ethics
Committee (11/N'W/0382), and all
participants provided informed consent.
Participants were excluded if they
withdrew from the study (n = 1,298), their
genotype data did not meet the quality
control conditions, they were highly related
individuals (second degree or greater:
kinship coefficient = 0.0884), or they were
non-European ancestry (n =44,072). In
addition, participants who died before
January 31, 2020, that is, the start of the
COVID-19 outbreak in the UK, were also
excluded (n=26,572). In total, our analysis
included 430,582 participants (Figure 1).

Genotyping and PRS

The GWAS data were derived from
participants of predominantly European
ancestry included in 14 cohort studies, which
collectively consisted of 4,933 cases and
1,398,672 controls, released on October 20,
2020 (Table E1 in the online supplement).
Details regarding the cohort-specific
genotyping platform and risk scores are
available at www.covid19hg.org (6). The PRS
was calculated by using an additive model for
the common genetic variants associated with
severe COVID-19. Briefly, the number of
risk alleles (0, 1, or 2) for individual
participants was summed by multiplication
with the effect size (25-27). The SNPs and
effect sizes were obtained and pruned by P
value < 1 X 10~°, linkage disequilibrium

R* < 0.1, and minor allele frequency > 1%
from the previously reported GWAS studies
(6, 25-28). A total of 112 SNPs was taken
into account (Table E2). The PRS was then
z-standardized based on the values for all
individual participants and categorized into
three risk categories: low (the lowest
quintile), intermediate (quintiles 2-4), and
high (the highest quintile) risk, as described
previously (29, 30).

Ascertainment of COPD

In the present study, the spirometry, self-
reported diagnoses, and diagnostic codes,
covering the period 2006-2010 (i.e., during
study enrollment) to January 2020, were used
to identify individuals with diagnosed
COPD. Details of the spirometry protocol in
the UK Biobank have been previously
reported (22, 31). Trained medical
technicians and nurses at the UK Biobank
Assessment Centre performed spirometric
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502,524 UK Biobank participants

1,298 Excluded

1,298 Withdrew from the study

501,226 Followed up

44,072 Excluded

14,174 Genetic data unavailable

371 Mismatched sex

967 Outliers for heterozygosity or missing rate
649 Sex chromosome aneuploidy

1,164 Highly related individuals

28,789 Non-European Ethnicity

457,154 Unrelated participants of European
descendent with genotypes under quality control

26,572 Excluded

26,572 Died before January 31, 2020

430,582 Included in the analysis

Figure 1. Flow of participants through the study.

measurements on participants using the
Vitalograph Pneumotrac 6800 in accordance
with American Thoracic Society and
European Respiratory Society guidelines.
Each participant was given three attempts to
obtain two reproducible maneuvers (32). The
reproducibility of the first two blows was
compared using the spirometer software, and
if the differences between both forced vital
capacity (FVC) and forced expiratory
volume in 1 second (FEV;) of the first two
blows were more than 5%, a third blow was
required. No post-bronchodilator measures
were performed. Acceptability of spirometry
data was assessed by quality appraisal of a
sample of maneuvers, as previously described
(33). COPD outcomes were defined by the
Global Lung Function Initiative 2012
reference values for the lower limit of normal
(34), which were computed using the Global
Lung Function Initiative R macro (35).
Individuals with an FEV,/FVC ratio below
the lower limit of normal were classified as
having COPD (36). In addition, to avoid
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misdiagnosis of COPD, COPD was
supplementally defined based on the codes
from fields 20002 (self-reported diagnoses)
and the International Classification of
Diseases, Ninth and Tenth Revision codes
(ICD-9 and ICD-10). Detailed information
on the diagnosis codes is provided in Table
E3. Of 7,901 participants who were excluded
from consideration of COPD diagnosis with
spirometry because of smoking tobacco or
using inhalers 1 hour before testing, 793
participants had a diagnosis of COPD based
on self-reported diagnoses, ICD-9, and ICD-
10.

Ascertainment of Severe COVID-19
In the present study, severe COVID-19
was defined as an admission to an ICU
according to data from the HES, death
captured from 1 day before to up to 14
days after the SARS-CoV-2 test date, or
death with COVID-19 (ICD-10 codes
U0.71) as the underlying cause according

to data from the death registers (last
updated on February 22, 2021).

Ascertainment of Covariates

The covariates of the present study are as
follows: age; sex; education;
socioeconomic status (household income
and Townsend deprivation index [TDI]);
physical activity; smoking status; passive
smoking; alcohol consumption; body
mass index (BMI); diet; comorbidities,
including cardiovascular disease (CVD),
hypertension, diabetes, chronic
respiratory infection, and asthma; the
relatedness of individuals in the sample;
and first 10 principal components of
ancestry. The TDI is a composite measure
of poverty based on unemployment,
non-car ownership, non-home
ownership, and household crowding, with
negative values indicating higher
socioeconomic status (37). BMI (kg/mz)
was calculated for all participants by UK
Biobank based on their measured weight
and height. Duration of physical activity
was ascertained with the touchscreen
questionnaires based on the validated
International Physical Activity
Questionnaire (38). A healthy diet was
calculated based on the Dietary
Approaches to Stop Hypertension
recommendation, which has been shown
to be associated with multiple cancer types
(39, 40). Passive smoking exposure refers
to exposure more than 1 hour per week to
other people’s tobacco smoke at home or
outside. The information pertaining to the
comorbidities was derived from the
electronic medical records. Details of
these measurements can be found on the
website of the UK Biobank (www.
ukbiobank.ac.uk).

Statistical Analysis

The baseline characteristics of the included
participants were summarized by the severity
of COVID-19 as numbers (percentages) for
categorical variables, as means (standard
deviations) for normal continuous variables,
and medians (interquartile ranges) for
skewed variables.

Logistic regression models were used
to assess the associations of genetic risk,
COPD, and their combination with severe
COVID-19. The ORs together with the
95% confidence intervals (CIs) were
calculated. Two sets of models were used.
Model 1 was adjusted for age (years), sex
(male or female), education (lower or high
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Table 1. Characteristics of the participants

General Incident Severe
Overall Population COVID-19
Characteristics (N =430,582) (n=429,870) (n=712)
Age, yr, mean (SD) 56.5 (8.0) 56.5 (8.0) 62.1 (6.6)
Sex
Female 237,533 (55.2) 237,305 (55.2) 228 (32.0)
Male 193,049 (44.8) 192,565 (44.8) 484 (68.0)
BMI, kg/m?, mean (SD) 27.3 (4.7) 27.3 (4.7) 29.8 (5.5)
DASH score, mean (SD) 22.2 (4.0) 22.2 (4.0) 21.9 (4.2)
Physical activity, min/wk
Regular physical activity 251,946 (58.5) 251,546 (58.5) 400 (56.2)
Some physical activity 130,825 (30.4) 130,626 (30.4) 199 (27.9)
No regular physical activity 47,811 (11.1) 47,698 (11.1) 113 (15.9)
Smoking status
Never 236,689 (55.0) 236,437 (55.0) 252 (35.4)
Former 151,344 (35.1) 150,986 (35.1) 358 (50.3)
Current 42,549 (9.9 42,447 (9.9) 102 (14.3)
Passive smoking
No 341,713 (79.4) 341,185 (79.4) 528 (74.2)
Yes 88,869 (20.6) 88,685 (20.6) 184 (25.8)
Alcohol consumption, times
per wk
Never 122,261 (28.4) 122,000 (28.4) 261 (36.7)
1-2 114,078 (26.5) 113,886 (26.5) 192 (27.0)
3-4 104,045 (24.2) 103,918 (24.2) 127 (17.8)
=5 90,198 (20.9) 90,066 (21.0) 132 (18.5)
TDI, median (interquartile -23(—-3.7t00.2) -23(—-3.7100.2) —-1.2(-3.1t01.9)
range)
Household income, £
<18,000 94,566 (22.0) 94,248 (21.9) 318 (44.7)
18,000-30,999 110,169 (25.6) 109,985 (25.6) 184 (25.8)
31,000-51,999 113,996 (26.5) 113,878 (26.5) 118 (16.6)
52,000-100,000 88,515 (20.6) 88,434 (20.6) 81 (11.4)
>100,000 23,336 (5.4) 23,325 (5.4) 11 (1.5)
Education
Lower qualification 221,944 (51.5) 221,472 (51.5) 472 (66.3)
Higher qualification 208,638 (48.5) 208,398 (48.5) 240 (33.7)
Comorbidities
CVvD 22,953 (5.3) 22,818 (5.3) 135 (19.0)
Hypertension 100,818 (23.4) 100,461 (23.4) 357 (50.1)
Diabetes 28,398 (6.6) 28,231 (6.6) 167 (23.5)
Chronic respiratory infection 8,602 (2.0) 8,585 (2.0) 17 (2.4)
Asthma 56,204 (13.1) 56,078 (13.0) 126 (17.7)
COPD 45,648 (10.6) 45,507 (10.6) 141 (19.8)
Genetic risk category
Low 86,099 (20.0) 85,990 (20.0) 109 (15.3)
Intermediate 258,363 (60.0) 257,925 (60.0) 438 (61.5)
High 86,120 (20.0) 85,955 (20.0) 165 (23.2)

Definition of abbreviations: BMI

=body mass index; COPD = chronic obstructive pulmonary
disease; COVID-19 = coronavirus disease; CVD =
Approaches to Stop Hypertension; SD = standard deviation; TDI

cardiovascular disease; DASH = Dietary
=Townsend deprivation index.

Data are presented as n (%) unless otherwise indicated.

qualification), household income
(<£18,000, £18,000-£30,999,
£31,000-£51,999, £52,000-£100,000, or
>£100,000), TDI, physical activity (some
or no), smoking status (never, former, or
current), passive smoking (no or yes),
alcohol consumption (never, 1-2, 3-4, =5
times per week), BMI (kg/mz), Dietary
Approaches to Stop Hypertension score,
CVD (no or yes), hypertension (no or

yes), diabetes (no or yes), chronic
respiratory infection (no or yes), asthma
(no or yes), relatedness of individuals in
the sample, and first 10 principal
components of ancestry. In model 2,
additional variables were controlled for
preexisting COPD in the analysis of the
association between genetic risk and
severe COVID-19 and PRS in the analysis
of the association between COPD and
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severe COVID-19. In addition, we
included an interaction term in the
regression model to test for any statistical
interaction between the genetic risk
categories and COPD.

We performed subgroup analyses
stratified by age (<60 or =60 yr), sex (male
or female), and chronic respiratory infection
(yes or no). For sensitivity analysis, we
restricted analysis to participants with SARS-
CoV-2 test, restricted analysis to participants
with positive SARS-CoV-2 test result,
excluded participants based on shared
relatedness (third degree or greater: kinship
coefficient =0.0442), restricted COPD with
spirometric definition, and excluded
participants who died of other causes after
February 1, 2020, because they were not
followed-up for a sufficiently long period for
further ascertainment of the acquisition of
COVID-19. Furthermore, to verify the
predictive performance of PRS for severe
COVID-19, we estimated the area under the
curve using receiver operating characteristic
(ROC).

All statistical analyses were performed
in R software, version 3.6 (R Project for
Statistical Computing).

Results

Participant Characteristics

Table 1 shows the participants’
characteristics. Of the 430,582 participants,
237,533 (55.2%) were female, with a mean
age of 56.5 years. Overall, 45,648 (10.6%) of
the 430,582 participants had preexisting
COPD. As of February 22, 2021, 712 severe
COVID-19 events occurred. Compared with
the general population, participants with
severe COVID-19 seem to be older, be male,
be current smokers, and have higher TDI,
lower household income, and lower
educational attainment. In addition, they
were more likely to have a higher prevalence
of preexisting cardiovascular disease,
hypertension, diabetes, and COPD (19.8%)
and had higher genetic risks.

Association between Genetic Risk
and Incident Severe COVID-19

The calculated PRS was normally distributed
(Figure E1). Table 2 presents the ORs of
participants at intermediate and high genetic
risk compared with those at low genetic risk.
Higher genetic risk was associated with a
higher risk of incident severe COVID-19 (P
for trend = 0.001). Participants at high
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Table 2. Risk of severe COVID-19 according to genetic risk

No. of Model 1* Model 27
Severe
Total No. of COVID-19 P P for P P for
Genetic Risk Participants Cases (%) OR (95% ClI) Value Trend OR (95% CI) Value Trend
Low 86,099 109 (0.13) 1 (reference) 0.001 1 (reference) 0.001
Intermediate 258,363 438 (0.17) 1.34 (1.09-1.66) 0.006 1.34 (1.09-1.66) 0.006
High 86,120 165 (0.19) 1.50 (1.18-1.92)  0.001 1.50 (1.18-1.92)  0.001

Definition of abbreviations: Cl = confidence interval; COVID-19 = coronavirus disease; OR = odds ratio.

*Model 1: Logistic regression adjusted for age, sex, assessment centers, Townsend deprivation index, income, education, body mass index,
diet, physical activity, smoking, alcohol consumption, passive smoking, cardiovascular disease, hypertension, diabetes, chronic respiratory
infections, asthma, relatedness of individuals in the sample, and first 10 principal components of ancestry; P value for trend calculated treating
the polygenic risk score as a continuous variable.

TModel 2: Logistic regression adjusted for model 1 and preexisting chronic obstructive pulmonary disease; P value for trend calculated treating
the polygenic risk score as a continuous variable.

genetic risk had a significantly higher risk of
incident severe COVID-19 than those at low
genetic risk, with an adjusted odds ratio of
1.50 (95% CI, 1.18-1.92; P=0.001). Results
were broadly similar when the PRS was
divided into quintiles (Table E4). Further
adjustment for COPD (model 2) did not
materially alter this finding (Table 2). The
association between genetic risk and the risk
of incident severe COVID-19 was similar
in subgroups that were stratified by age,
sex, and chronic respiratory infection (P
for interaction > 0.05; Tables E5 and E6).
In the sensitivity analysis, these results did
not markedly change after restricting
analyses to participants with the SARS-
CoV-2 test (Table E7) and participants
with positive SARS-CoV-2 test results
(Table E8).

ROC curves were constructed and
area under the curve was calculated for the
following combinations: model 1: age, sex,
and comorbidities (CVD, hypertension,
diabetes, chronic respiratory infections,
asthma, and COPD); model 2: age, sex,
comorbidities, and PRS (Figure E2). For

the base model, model 1, area under the
curve was 0.789 (95% CI, 0.772-0.806),
whereas that for model 2 was 0.794 (95%
CI, 0.777-0.810; P=0.002). Areas under
the ROC are nearly identical, although the
difference is statistically significant
because of the large sample size.

Association between COPD and
Incident Severe COVID-19

Table 3 presents the ORs of participants with
COPD compared with those without.
Participants with COPD had a higher risk of
incident severe COVID-19 than those
without, with an adjusted OR of 1.37 (95%
CI, 1.12-1.67; P=0.002). Further adjustment
for the PRS (model 2) did not materially alter
this result (Table 3). We observed a
significant interaction effect between COPD
and sex on the risks of severe COVID-19 (P
for interaction = 0.006; Table E9). However,
the association between COPD and the risk
of severe COVID-19 was similar in
subgroups that were stratified by age and
chronic respiratory infection (P for
interaction > 0.05; Tables E9 and E10).

Table 3. Risk of severe COVID-19 according to COPD

Association of Genetic Risk and
COPD with Incident Severe COVID-19
Figure 2 shows the risk of incident severe
COVID-19 for the combined genetic risk
and COPD. An additive effect on the risk
of severe COVID-19 was found for the
genetic risk and COPD. The highest risk
of incident severe COVID-19 was
observed in participants at high genetic
risk and with preexisting COPD (OR,
2.05;95% CI, 1.35-3.04; P < 0.001). The
test for statistical interaction between the
PRS and COPD in relation to the incident
severe COVID-19 was not significant
(P=0.76). Furthermore, there is no
statistically significant association
between the PRS and COPD among the
control population (P for trend = 0.75;
Table E11). In the sensitivity analysis,
these results did not markedly change
after excluding participants based on
shared relatedness (Table E12), excluding
participants who died for other causes
after February 1, 2020 (Table E13), and
restricting COPD with spirometric
definition (Table E14).

Preexisting Total No. of

COPD Participants
No 384,934
Yes 45,648

No. of Severe COVID-19
Cases (%)

571 (0.15)
141 (0.31)

Model 1*

Model 2t

OR (95% Cl)

1.37 (1.12-1.67)

1 (reference)

P Value OR (95% Cl) P Value

1 (reference)

0.002 1.37 (1.12-1.67) 0.002

Definition of abbreviations: Cl = confidence interval; COPD = chronic obstructive pulmonary disease; COVID-19 = coronavirus disease; OR = odds

ratio.

*Model 1: Logistic regression adjusted for age, sex, assessment centers, Townsend deprivation index, income, education, body mass index,
diet, physical activity, smoking, alcohol consumption, passive smoking, cardiovascular disease, hypertension, diabetes, chronic respiratory
infections, asthma, relatedness of individuals in the sample, and first 10 principal components of ancestry.

TModel 2: Logistic regression adjusted for model 1 and polygenic risk score.
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Total No. of  Severe COVID-19 Odds Ratio

Subgroup Participants Cases (%) (95% ClI) P-value
No Pre-existing COPD

Low genetic risk 76,900 89 (0.12) 1.00 [Reference]

Intermediate genetic risk 231,108 351 (0.15) 1.31(1.05-1.67) —— 0.02

High genetic risk 76,926 131 (0.17) 1.47 (1.12—-1.93) — 0.005
Pre-existing COPD

Low genetic risk 9,199 20 (0.22) 1.25(0.74-2.00) —_— 0.38

Intermediate genetic risk 27,255 87 (0.32) 1.83(1.35-2.48) — <0.001

High genetic risk 9,194 34 (0.37) 2.05(1.35-3.04) o <0.001

Oi5 é é 3i5

Odds Ratio (95% ClI)

Figure 2. Risk of severe COVID-19 according to genetic risk and COPD. The results were obtained after adjusting for age, sex, assessment
centers, Townsend deprivation index, income, education, body mass index, diet, physical activity, smoking, alcohol consumption, passive
smoking, cardiovascular disease, hypertension, diabetes, chronic respiratory infections, asthma, relatedness of individuals in the sample, and
first 10 principal components of ancestry; P value for trend calculated treating the polygenic risk score as a continuous variable. Cl = confidence
interval; COPD = chronic obstructive pulmonary disease; COVID-19 = coronavirus disease.

Discussion

In this population-based cohort study of
more than 430,000 participants, both high
genetic risk and COPD were independently
associated with an increased risk of incident
severe COVID-19. The risk of incident
severe COVID-19 at high genetic risk
combined with preexisting COPD was 2.05-
fold higher than that at low genetic risk and
without preexisting COPD.

There are common variants that were
previously identified to be associated with
the high risk of severe COVID-19, and
their combined impact can be indicated by
the PRS (5, 8). Our results demonstrated
that the PRS was associated with the risk
of developing severe COVID-19.
Although the previous study has evaluated
the predictive performance of PRSs based
on six DNA polymorphisms in severe
COVID-19 among sports players to guide
screening (12), the limited sample size
with case-control design in previous
studies often led to discouraging results.
In the present study, we found that our
PRS was significantly associated with the
risk of severe COVID-19 in a prospective
cohort study. Our study has included a
larger sample size and a significantly more
comprehensive indicator of the genetic
risk to increase the power for risk
estimation. We have also adjusted for
multiple potential confounding factors
(economic and social background, lifestyle
factors, comorbidities, etc.). Several
genetic variants used in the present study
associated with severe COVID-19 may
affect the immune response and

transmission of SARS-CoV-2 (8, 41, 42).
Furthermore, our results demonstrated
the lack of interactions between genetic
risk and preexisting COPD, which
suggests that it provides information
regarding severe COVID-19 that is
independent of preexisting COPD. These
findings in the present study provided
additional insights into the genetic basis
of severe COVID-19, which would further
advance our understanding of severe
COVID-19 susceptibility.

From a clinical perspective,
methodologically similar to assessing other
diseases by using PRS, our PRS may help to
identify individuals at the greatest risk for
severe COVID-19 (30, 43). The risk of
incident severe COVID-19 at high genetic
risk was 1.50-fold higher than that at low
genetic risk, suggesting that our PRS
potentially was suitable to the risk
stratification among those with COVID-19.
In addition, the availability of the PRS
throughout the life course suggests that PRS
might be helpful for predicting severe
COVID-19 in scenarios in which up-to-date
clinical information is not available (e.g.,
COPD). From a disease management
perspective, the distinct incidence risk for
populations within different categories of
genetic risk as defined by the PRS provides
support to carry out PRS-informed severe
COVID-19 screening and individualized
prevention, independent of clinical risk
factors such as age, sex, and COPD exposure.
Furthermore, individuals with higher genetic
risk might be warned to be more likely to
maintain social distancing and carry out life
planning to reduce the risk of developing
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severe COVID-19. Therefore, one potential
application is using the PRS to help predict
susceptibility to severe COVID-19 in initially
healthy people, so as to focus preventive
interventions on those at the highest risk of
severe COVID-19 (10).

Several studies have consistently
reported an increased risk of developing
severe COVID-19 in participants with
preexisting COPD (17-20). However, these
findings are limited by small sample sizes and
incomplete data on comorbidities, and the
relevance of composite genetic risk and
COPD in predicting the risk of severe
COVID-19 remains unclear. Based on the
population-based cohort study, our results
demonstrated that participants with
preexisting COPD had increased risks of
developing severe COVID-19 as compared
with participants without preexisting COPD,
regardless of the individuals’ genetic risk.
Moreover, the real-life setting of our large-
scale cohort study has provided further
support that COPD is a risk factor for severe
COVID-19, even in participants genetically
not predisposed to developing severe
COVID-19. Although the underlying
mechanisms remain to be elucidated, it is
suggested that angiotensin-converting
enzyme 2 plays an important role in this
association. Studies of cellular mechanisms
suggest that angiotensin-converting enzyme 2
expression, which is the main receptor for the
cellular entry of SARS-CoV-2, is significantly
upregulated in participants with COPD (7,
44). The findings in the present study indicate
that patients with COPD should follow basic
infection-control measures to help prevent
severe COVID-19, and medical workers
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should pay more attention to patients with
COPD who are infected with COVID-19.

There are several limitations that should
be taken into account. First, we have limited
information about the exposure to SARS-
CoV-2 among participants without
COVID-19 in the UK Biobank, which might
have resulted in the selection bias, as in
previous studies (45, 46). However, this
concern is mitigated because these results did
not markedly change after restricting
analyses to participants with SARS-CoV-2
test and participants with positive SARS-
CoV-2 test results. Second, additional
variants or genetic patterns associated with
severe COVID-19 are likely to be identified
in the future, which may prove useful for
refining estimates of genetic risk. Third,
because the PRS was calculated based on the
GWAS of European ancestry, we must
cautiously generalize the inferences to other
populations. Individuals of Black, Asian, and
other minority race or ethnicity groups may
be at increased risk for SARS-CoV-2

infection and potentially worse clinical
outcomes, including ICU admission and
mortality, when compared with White
individuals (47). Race refers to
self-identifying groups based on beliefs
concerning shared culture, ancestry, and
history (48). And ancestry is determined
biographically or genetically. Although
race may be a social construct, differences
in genetic ancestry that happen to
correlate to many of today’s racial
constructs are real (49). As such, the
findings in our study highlight that future
GWASs and large-scale epidemiologic
research should consider predicting the
risk of incident severe COVID-19 among
non-European ancestry groups. Fourth,
the measures did not include information
about the epidemiology of COVID-19 and
medical care practices to treat COVID-19
infections, such as type of virus and use of
drug, possibly leading to imprecise
measurements. Finally, there are very few
severe COVID-19 cases among

participants in the UK Biobank, which
might reduce the power in these analyses.
Thus, further research involving more
patients with severe COVID-19 is needed
in the future.

Conclusions

PRSs combining multiple risk alleles are
predictive of incident severe COVID-19.
Meanwhile, high genetic risk was associated
with a higher risk of incident severe COVID-
19, regardless of preexisting COPD. These
findings could have important implications
for understanding the mechanisms
underlying severe COVID-19 and provide
future opportunities for risk stratification
and early intervention. Il
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