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from mild flulike illness to severe respiratory failure.

The biologic underpinnings for this heterogeneity
are unclear, although genetic factors for risk of severe
COVID 19 have been identified. To date, the COVID
19 Host Genetics Initiative has identified 10 genome-
wide significant loci associated with severe COVID
19 infection.! As greater comorbidities have been ob-
served in patients with severe COVID 19 infection,? we
aimed to identify comorbidities associated with these
genetic loci using a phenome-wide association study
(PheWAS), to better understand potential conjoint ge-
netic risk of severe COVID 19 and comorbidities medi-
ated by these variants. One such PheWAS study has
been conducted for the 3p21.31 locus®; however, ad-
ditional phenotypic associations and broader implica-
tions of risk for COVID 19 genetic loci have not been
described.

This study included 247 488 unrelated White par-
ticipants from UK Biobank, a prospective population-
based cohort in the United Kingdom with genetic
and phenotypic data collected on individuals aged
40 to 69 years.* Directly genotyped or imputed data
for the genetic loci of interest were obtained from ei-
ther the UK Biobank or the UK BIiLEVE Axiom array.
The 10 severe COVID 19 associated loci studied here
are rs11385942 (3p21.31, risk allele GA),® rs1886814
(FOXP4, C), rs72711165 (TMEM65, C), rs657152 (ABO,
A), rs10735079 (OAST, A), rs1819040 (KANSL1, A),
rs7 7534576 (TAC4,T), rs74956615 (TYK2, A), rs2109069
(DPP9, A), and rs2236757 (IFNAR2, G). Phenotype
data were derived from International Classification of
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Diseases, Ninth Revision (ICD-9) and Tenth Revision
(ICD-10) codes from primary care, hospitalizations,
and death-related data. Data were accessed through
approved UK Biobank applications (IDs 48785, 65043).
The validation cohort consisted of 2247 White individu-
als from CATHGEN (Catheterization Genetics), a study
of sequential individuals who underwent cardiac cath-
erization at Duke University Medical Center (Durham,
NC) between 2001 and 2010. Genotypes were ob-
tained using the lllumina Human Omni1-Quad Infinium
Bead Chip and imputed with Minimac4 using 1000G
phase 3 reference panels. Phenotype data were de-
rived from electronic health record data from 2001
to 2020. Both studies were approved by the Duke
Institutional Review Board and all participants provided
informed consent. All data are available upon request.

In UK Biobank, 1402 phenotypic outcomes (min-
imum >20 occurrences) were included, and 866 in
CATHGEN were included. The R PheWAS package
(v0.99.0.5-5) was used to perform logistic regression
for each outcome adjusted for age, genotyping array,
sex, and 5 principal components (R v4.0.2). Significant
phenotypes were considered at a false discovery rate-
adjusted g-value <0.05 in UK Biobank and nominally
(P<0.1) in CATHGEN for validation.

Four of the 10 tested genetic loci showed signifi-
cant phenotype associations in UK Biobank after false
discovery rate adjustment. Vascular dementia was as-
sociated with rs72711165 (TMEMG65) (odds ratio [OR],
5.66; 95% Cl, 2.21-11.85; g=0.049), but did not validate
in CATHGEN (Figure — Panel A). There were 40 asso-
ciations with the rs657152 risk allele (ABO), including
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novel associations with greater odds of heart failure
(OR, 1.09; 95% Cl, 1.03-1.14; g=0.046), diabetes (OR,
1.05; 95% ClI, 1.02-1.07; g=0.004) and hypercholes-
terolemia (OR, 1.04; 95% Cl, 1.02-1.06; g=0.004); and

J Am Heart Assoc. 2022;11:e024004. DOI: 10.1161/JAHA.121.024004

lower odds of gastrointestinal disorders including duo-
denal ulcer (OR, 0.88; 95% Cl, 0.84-0.92; q=6.3x1072,
Figure — Panel B) with nongroup O blood types. Of
these, 34 out of 40 were available in CATHGEN, but
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Figure 1. Significant phenotypic associations with COVID 19 risk alleles in UK Biobank.

Shown are the results of the significant findings of the phenome-wide association study for severe COVID 19 single nucleotide
polymorphisms. The x-axes correspond to the different groups of phenotypes analyzed and the y-axes correspond to the negative
logarithm P values for these analyses. The red line corresponds to statistical significance level at a false discovery rate <0.05,
phenotypes meeting statistical significance are annotated. A, Results for rs72711165 8924.13 TMEMG65. B, Results for rs657152 9q34.2
ABO. C, Results for rs1819040 17921.31 KANSL1. D, Results for rs74956615 19p13.2 TYK2. NOS indicates not otherwise specified.

none of these findings validated. Eight phenotypes
associated with rs1819040 (KANSLT), including atrial
fibrillation and flutter (OR, 1.07; 95% CI, 1.04-1.10;
g=0.0084) and pulmonary fibrosis (OR, 0.80; 95% ClI,
0.71-0.89; g=0.035) (Figure — Panel C); only glaucoma
validated in CATHGEN (P<0.1). These results suggest
that genetic predisposition for these cardiovascular
and endocrine phenotypes may amplify the risk of ad-
verse COVID 19 outcomes but may also have broader
long-term health implications.

Ten phenotypes associated with rs74956615
(TYK2), all with lower odds associated with the COVID
19 risk allele (Figure — Panel D), including psoriatic ar-
thropathy (OR, 0.31; 95% ClI, 0.20-0.47; g=4.5x1079),
rheumatoid arthritis (OR, 0.83; 95% ClI, 0.64-0.83;
g=0.0003) and thyrotoxicosis (OR, 0.77; 95% ClI, 0.68-
0.87; g=0.01). Seven of these phenotypes nominally
validated in CATHGEN: psoriasis, rheumatoid arthritis,
and hypothyroidism (all P<0.1). COVID 19-related ge-
netic variants suggest the importance of host antivi-
ral defense mechanisms and inflammatory signaling.
TYKZ2 is implicated in psoriasis via Th17 responses and
interferon-a signaling. At the TYKZ2 locus, we clarified
prior discordant associations for autoimmune disease,
showing for the first time decreased odds of psoria-
sis associated with rs74956615, which may implicate
a distinct impact of this allele on TYK2 gene function
from what has been identified in prior genome-wide
association study analysis of psoriasis.

Using an unbiased PheWAS approach to clini-
cal diagnoses in a large data set, we identified novel
phenotypic associations between risk alleles for se-
vere COVID 19 infection with relevant comorbidities.
These associations suggest that individuals carrying
these genetic markers, known for their role in blood
traits, host antiviral response and inflammation, may
have modified risk of cardiovascular disease, as well
as autoimmune and inflammatory disorders, which in
turn increases risk of severe COVID 19. Alternatively,

J Am Heart Assoc. 2022;11:e024004. DOI: 10.1161/JAHA.121.024004

these genetic risk loci may have pleiotropic effects
on these diseases and COVID 19 related complica-
tions. Limitations to this study include the underpow-
ered validation sample and restriction to individuals of
European ancestry.
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