
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Gastroenterology 2021;160:2599–2601
NS
The rs738409 G Allele in PNPLA3 Is Associated With a Reduced
Risk of COVID-19 Mortality and Hospitalization
BR
IE
F
CO

M
M
UN

IC
AT

IO
Hamish Innes,1,2,3,* Stephan Buch,4,* Eleanor Barnes,5,6 Jochen Hampe,4 Thomas Marjot,7

and Felix Stickel8

1School of Health and Life Sciences, Glasgow Caledonian University, Glasgow, United Kingdom; 2Division of Epidemiology and
Public Health, School of Medicine, University of Nottingham, Nottingham, United Kingdom; 3Public Health Scotland, Glasgow,
United Kingdom; 4Medical Department 1, University Hospital Dresden, Technical University of Dresden, Dresden, Germany;
5Peter Medawar Building for Pathogen Research, Nuffield Department of Medicine, Oxford University, Oxford, United Kingdom;
6Oxford NIHR Biomedical Research Centre, Oxford University, Oxford, United Kingdom; 7Oxford Liver Unit, Translational
Gastroenterology Unit, Oxford University Hospitals National Health Service Foundation Trust, University of Oxford, Oxford,
United Kingdom; and 8Department of Gastroenterology and Hepatology, University Hospital of Zurich, Zurich, Switzerland
Keywords: SARS-CoV-2; Patatin-Like Phospholipase Domain
Containing 3; Pleiotropic Effects; Retinoids; Fatty Acids; Lipid
Metabolism.

he natural history of SARS-CoV-2 infection is highly
Tvariable, ranging from asymptomatic infection on
one hand to pneumonia, septic shock, multiple organ failure,
and death on the other.1 The physiologic pathways that in-
fluence prognosis after infection are still incompletely un-
derstood; this represents a key barrier to optimal
management.

The rs738409 G variant in PNPLA3 (patatin-like phos-
pholipase domain containing 3) is a prominent genetic risk
factor for steatosis, cirrhosis, and hepatocellular carcinoma.2

For 2 reasons, we hypothesized that rs738409 G may also
affect COVID-19 severity. First, rs738409 G is associated
with retinoid storage levels in liver mesenchymal cells,3

which may have a bearing on the ability to mount an
effective immune response after viral infection.4 Second,
previous data suggest that rs738409 G increases the cellular
abundance of omega-3 polyunsaturated fatty acids, such as
alpha linolenic acid,5 which may modulate inflammatory
process levels during infections.

Our goal was to test a possible association of rs738409 G
in PNPLA3 with outcomes of COVID-19 using data from the
United Kingdom Biobank (UKB) study.
*Authors share co-first authorship.

Abbreviations used in this paper: aOR, adjusted odds ratio; CI, confidence
interval; UKB, United Kingdom Biobank Study.
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Methods
Our hypothesis was tested in the UKB, a population-based

cohort of approximately 500,000 middle-aged individuals in
the United Kingdom. Latterly, data on participants testing
positive for SARS-CoV-2 in England after March 16, 2020, have
been released.

All UKB unrelated participants with (1) a positive PCR test
result for SARs-CoV-2 between March 16, 2020, and August 15,
2020, and (2) data available for the PNPLA3:rs738409 geno-
type were analyzed.

The primary endpoints in this study were (1) hospital
admission for COVID-19 and (2) death from COVID-19.

Logistic regression was used to assess the association be-
tween the rs738409 G allele and each endpoint under additive
and recessive genetic models. All models were adjusted for
potential confounding factors.

We performed sensitivity analyses to check assumptions.
First, we tested whether the association between rs738409 G
and each outcome changed when individuals with liver disease
were excluded. We also assessed if the association varied ac-
cording to ethnicity, coronary artery disease, obesity, age, and
liver disease. Third, we determined the rs738409 G association
with 2 specific types of COVID-19 hospitalization, namely, (1)
hospital admission for COVID-19 with pneumonia recorded and
(2) hospital admission for COVID-19 entailing advanced respi-
ratory support. Fourth, we calculated the association between
rs738409 G and prevalent liver disease to ensure concordance
with previous research.2

Further information, including detailed covariate and
outcome definitions, is provided in the Supplementary
Methods.

Validation Analysis
We meta-analyzed the association between rs738409 G

and COVID-19 morbidity from 3 studies/sources comparing
patients with COVID-19 morbidity to SARS-CoV-2–positive
patients with no/minimal morbidity. These data sources
were (1) the FinnGen biobank, (2) Geisinger Health Study,
and (3) data on COVID-19 patients hospitalized in Palermo,
Italy.6

Results
The primary analysis included 1585 UKB participants.

The mean age was 67.9 years (standard deviation, 9.1),
52.7% were male, and three quarters were White British
(78.1%). The rs738409 G allele frequency was 20.9%
(Supplementary Table 1). The numbers of patients with a
COVID-19 hospital admission, a COVID-19 admission with
pneumonia, and a COVID-19 admission requiring advanced

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://crossmark.crossref.org/dialog/?doi=10.1053/j.gastro.2021.02.059&domain=pdf
https://doi.org/10.1053/j.gastro.2021.02.059


-1

-.5

0

.5

1

Any admission With 
Pneumonia

Adv resp
support

COVID-19 hospital admission

COVID-19
death

Prevalent 
Liver 
disease

FinnGen Geisinger Grimaudo
et al

Meta-
analysis

COVID-19 morbidity Vs. no or minimal morbidity

Lo
g 

od
ds

 ra
tio

UNITED KINGDOM BIOBANK VALIDATION

R
s7

38
40

9:
G

is
 p

ro
te

ct
iv

e
R

s7
38

40
9:

G
is

 h
ar

m
fu

l

Figure 1. Association of the rs738409 G allele with COVID-19 severity and prevalent liver disease. Adv resp, advanced
respiratory.
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respiratory support were 759 (47.9%), 450 (28.4%), and
76(4.8%), respectively. Approximately one sixth of the
sample died of COVID-19 (16.9%; n ¼ 267).

The rs738409 G allele was independently associated
with a reduced risk of COVID-19 hospitalization and
mortality (Figure 1 and Supplementary Table 2). On
average, each additional G allele carried was associated
with a 21% lower odds of COVID-19 hospitalization
(adjusted odds ratio [aOR]: 0.79; 95% confidence interval
[CI], 0.64–0.97; P ¼ .027) and a 25% lower odds of COVID-
19 death (aOR, 0.75; 95% CI, 0.57–0.98; P ¼ .037). The
aORs for the recessive model were 0.47 (95% CI, 0.25–
0.88; P ¼ .018) for COVID-19 hospitalization and 0.19
(95% CI, 0.06–0.64; P ¼ .007) for COVID-19 mortality.

In sensitivity analyses, the association between the
rs738409 G allele and COVID-19 mortality/hospitalization
did not attenuate after exclusion of individuals with liver
disease (eg, adjusted additive OR for hospitalization, 0.78;
95% CI, 0.63–0.97; P ¼ .027). There was a suggestion that
the rs738409 G effect size was greater for younger in-
dividuals. For example, the additive OR for COVID-19 hos-
pitalization was 0.59 (95% CI, 0.41–0.84) for those aged
<65 years vs 0.92 (95% CI, 0.71–1.19) for individuals aged
�65 years (Pinteraction ¼ .040). Finally, as expected, the
rs738409 G allele was associated with an increased risk of
liver disease (aOR, 1.44; 95% CI, 1.01–2.05; P ¼ .045) (see
Figure 1).

Validation Analysis
In a meta-analysis of 3 independent data sources,

rs738409 G showed a trend for association with a reduced
risk of COVID-19 hospitalization/severe disease vs mild
disease; but the result did not reach statistical significance
(additive OR: 0.83; 95% CI, 0.66–1.05; P ¼ .12;
Pheterogeneity ¼ .68) (see Figure 1).
Discussion
These data show a lower risk of COVID-19 hospitalization

anddeath in carriersof the rs738409Gallele inPNPLA3,which is
athwart to its risk-increasing effect on liver disease (Figure 1).
However, although this association was robust in the UKB study
against a broad set of COVID-19–related endpoints and with
adjustment for a comprehensive set of covariates, it was only
moderately supported by independent validation data (ie, the
effect was directionally concordant but not statistically signifi-
cant in the validation data). Further data from larger well-
defined cohorts, including data on mortality, are therefore
required to verify the association of rs738409 G with COVID-19
sequelae. Functionally, this association could reflect the influ-
ence of lipid metabolism on the immune response to COVID-19;
for example, retinoids are stored as retinyl esters in hepatic
mesenchymal cells and also in adipose tissue where PNPLA3 is
expressed. When required, retinoids are mobilized to extrahe-
patic tissues where they can stimulate interferon type 1 pro-
duction as a potent cytokine response to viral infections.4

PNPLA3 has retinyl-palmitate lipase activity, which stimulates
the release of retinol into the systemic circulation.7 Accordingly,
individuals with the I148M loss-of-function variant (encoded by
rs738409 G) exhibit lower circulating retinoid levels7 and
increased retinoid storage levels in the liver.3 In contrast, some
risk factors for severe COVID-19 (eg, obesity and liver disease8)
are associated with diminished retinoid levels and/or impaired
retinoid signaling, which may limit retinoid availability during
infection. This finding may also reflect a lower ratio of omega-6
to omega-3 polyunsaturated fatty acids in individuals with the
rs738409 G allele,5 which may temper inflammation and safe-
guard against cytokine storm syndrome.

In summary, we report a putative association between
PNPLA3:rs738409 and COVID-19 severity. In doing so, we
provide an example of how pleiotropic effects of certain
genetic risk loci affect disease endpoints differently.
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Supplementary Methods

Inclusion Criteria
The present analysis included all UKB participants with

a positive test result for SARs-CoV-2 in the 3-month period
between March 16, 2020, and 15 August 15, 2020. National
Health System (NHS) England Hospital Episode Statistics
(HES) and mortality data were complete until September
30, 2020, at the time of analysis. Thus, the August 15 cutoff
date ensured there was a minimum of 6 weeks of follow-up
data between the first positive test for SARs-CoV-2 and any
subsequent COVID-19 hospitalization or death.

Participants who were first- or second-degree relatives
with another participant in the sample were excluded. We
identified first- or second-degree relations via a kinship
coefficient of �0.10, as recommended by the UKB. We
excluded participants with unreliable genetic data, using
the UKB field identifier (ID) 22010.

Definition of Outcome Events
A COVID-19 death was defined through the presence of 1

or more of the following 3 International Classification of
Diseases–10th Revision (ICD-10) codes in any cause of death
position: U071 (COVID-19 virus identified) and/or U072
(COVID-19 virus not identified) and/or B342 (coronavirus
infection, unspecified site). Of note, the U072 ICD-10 code is
used to denote clinical or epidemiologic cases of COVID-19
where laboratory data are inconclusive or not available.

COVID-19 hospital admissions were identified using NHS
England HES data. The same 3 ICD-10 codes (U071 and/or
U072 and/or B342) in any diagnostic position were used to
identify a COVID-19–related admission. Instances of COVID-
19–related pneumonia were identified using the J12.8 ICD-10
code (other viral pneumonia, not classified elsewhere) in
combination with U071 and/or U072 and/or B342.

Information on advanced respiratory support is
collected on the HES critical care data set. It has been
defined as: “i) Invasive medical ventilatory support applied
via a trans-laryngeal tracheal tube or applied via a trache-
ostomy; ii) Bi-level positive airway pressure applied via a
trans-laryngeal tracheal tube or applied via a tracheostomy;
iii) Continuous positive airway pressure via a trans-
laryngeal tracheal tube; iv) Extracorporeal respiratory
support.”1 We used the NHS England HES critical care data
set available for UKB participants to identify individuals
receiving this intervention.

Prevalent liver disease was defined through 1 or more
liver-related hospital admissions before the first SARs-CoV-2–
positive test. Liver-related hospital admissions were identified
using the ICD-10 K70–K77 “diseases of the liver” chapter or
the equivalent ICD–Ninth Revision (ICD-9) codes (571–573).

Adjustment for Confounding Factors
All regression models were adjusted for a broad range

of potential confounding factors. These were age, month of
positive SARS-CoV-2 test result, body mass index, sex,

coronary artery disease, chronic liver disease/liver
cirrhosis, current smoker, type 2 diabetes, rs657152,
rs11385942, ethnic group, and the top 5 principal compo-
nents of genetic ancestry. Individuals with missing data for
1 or more of these variables were excluded from the final
sample.

Ethnic group was defined through a combination of genetic
and self-reported information (field IDs 22006 and 21000).
Type 2 diabetes was defined using field ID 2443: “Has a doctor
ever told you that you have diabetes?” From here, we excluded
participants with a history of gestational diabetes only (field ID
4041) and individuals with evidence of type 1 diabetes from
hospital admission records (ICD-10 E10) or from detailed in-
formation collected on diagnosed medical conditions at UKB
enrollment during the nurse interview (field ID 20002). The
presence of coronary artery disease was inferred through hos-
pital admissions occurring before the first positive test result for
SARs-CoV-2 using ICD-10 120–125, and/or ICD-9 4120–4129,
4130–4139, 4140, 4141, or 4149. As a covariate, liver disease
was divided into 2 categories: those with a hospital admission
for cirrhosis and those with a noncirrhosis liver-related admis-
sion. As before, a liver-related admission was defined using the
ICD-10 K70–K77 liver disease chapter (or equivalent ICD-9
codes). Cirrhosis was defined using ICD codes outlined previ-
ously by Ratib et al.2 Age was based on age at the time of the
first positive test result for SARs-CoV-2. Current smoking was
inferred only through information provided at UKB enrollment
(field ID 20116). Body mass index was determined from each
participant’s height and weight at the time of the initial UKB
assessment visit. Standing height was measured via the Seca
202 height measure, and body weight was measured with the
Tanita BC-418 MA body composition analyzer.

Assessing Variability in rs738409 Effect Size
We assessed if the rs738409 effect size varied according

to 3 covariates: ethnic group, coronary artery disease,
obesity, age <65 years, and history of prior liver disease.
This was done by adding interactions terms into the model
(ie, between rs738409 and the covariate of interest) and
performing a likelihood ratio test to gauge whether the
interaction model significantly improved model fit.

Validation Analysis
We retrieved the association between rs738409 G and

COVID-19 morbidity (vs SAS-CoV-2 infection but no/mini-
mal morbidity) from 3 independent studies. These were

� the FinnGen population–based biobank study,
comprising 83 patients with a COVID-19 hospital
admission vs 274 SARS-CoV-2–positive patients
without a hospital admission (Supplementary Table 2);

� individuals in the Geisinger Health Study data set of
European descent, comprising 165 individuals COVID-19
hospitalization vs 689 SARS-CoV-2–positive patients
without a hospital admission (Supplementary Table 2);

� data from a study by Grimaudo et al,3 comprising 52
patients admitted to the hospital for COVID-19 who
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either died or required intensive care therapy vs 314
patients admitted to the hospital for COVID-19 but
without any complications.

The rs738409:G association from each study was then
aggregated through fixed-effects meta-analysis, weighted
according to the study sample size.
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