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Abstract

Alcohol sales and consumption have increased during the coronavirus disease 2019 pandemic,
but their downstream effects on alcohol-related liver disease (ALD) are unclear. We analyzed inter-
hospital escalation-of-care referrals to our tertiary care inpatient liver unit across 18 months through
December 2020. There was a significant rise in severe ALD with recent unhealthy drinking in our

regional community during the pandemic.

INTRODUCTION

Declared by the World Health Organization on 11 March 2020
(WHO Director-General, 2020), the coronavirus disease 2019
(COVID-19) pandemic has been a generational calamity. For many
individuals, the pandemic shaped a myriad of adverse medical
and psychosocial consequences. Alcohol sales and self-reported
consumption increased by ~20 and 60%, respectively, after March
2020 (Editor, 2020; Grossman et al., 2020). In comparison, data on
their downstream effects on alcohol-related liver disease (ALD) are
less well-characterized, though anecdotal reports suggest increased
hospitalizations (Cahan, 2021). ALD has been a substantial cause
of liver-related mortality and healthcare utilization in the USA for
many years (Mellinger ez al., 2018; Tapper and Parikh, 2018), so a
timely understanding of its developments during the pandemic is of
utmost public health importance. The present study’s primary aim
was to estimate our regional trend of inter-hospital escalation-of-
care referrals for hospitalized patients with severe ALD and recent
unhealthy drinking during the first calendar year of the COVID-19
pandemic.

METHODS

Study setting and population

We are a high-volume tertiary referral liver transplant (LT) center
experienced in caring for patients with the highest disease acuity,
including severe hepatitis from harmful alcohol drinking (Weeks
et al.,2018). The full spectrum of inter-hospital referrals that we reg-
ularly receive is well-suited for examining COVID-19-related changes
in liver disease presentation in our regional community. In July 2019,
we established a prospective registry of hospitalized patients referred
for inter-hospital care escalation to our adult inpatient liver unit at
the Johns Hopkins Hospital in Baltimore, Maryland. To minimize
patient privacy incursions, the registry captured only clinical and
demographic data immediately relevant to the triage decision. We
obtained all information solely from referring healthcare providers
and neither interacted with patients nor medical records until they
arrived at our hospital. One hepatologist (AG) conducted over 90%
of the exchanges with referring providers. Our remaining hepatol-
ogists provided coverage when AG was unavailable. Consequently,
there have been no time gaps in the registry since its conception.
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The present observational analysis excluded requests from outside
of Maryland, its four neighboring states or the District of Columbia.
These distant referrals were infrequent (~5%) and unpredictable,
without notable temporal patterns. We also excluded previous LT
recipients since their inter-hospital referrals frequently involved non-
liver-related conditions (e.g. pneumonia and hip fractures). The data
underlying our article are available on reasonable request to the
corresponding author (PC).

Definitions of liver diagnosis categories

We defined ALD-with-recent-drinking (ALD-RD) as ALD with alco-
hol use within the preceding 6 months, a predictor of mortality in
acute severe ALD (Louvet et al., 2017). Advanced stage ALD can
manifest in several conceptually distinct but often clinically over-
lapping forms: acute alcohol-associated hepatitis, acute-on-chronic
liver failure and decompensated cirrhosis (Crabb ez al., 2020). ALD-
RD encompassed all these forms, provided there was recent alcohol
consumption. In contrast, Other ALD described ALD-only cases that
had no reported alcohol use during the previous 6 months. We
also specified other common liver diagnoses, including non-alcoholic
steatohepatitis (NASH), drug-induced liver injury (DILI) and hep-
atitis C virus (HCV). The other diagnostic category comprised liver
diseases that were relatively infrequent at our center; these included
hepatitis B virus, primary biliary cholangitis and Wilson’s disease.
Finally, the Undiagnosed category indicated referrals that preceded
the diagnosis of the underlying liver disease etiology.

Statistical analysis

We performed the nonparametric linear-by-linear test with 10,000
Monte Carlo permutations to assess trends across time for categorical
variables. We also used the Kruskal-Wallis H test to compare contin-
uous variables by study period. All statistical tests were two-tailed
with @ = 0.05, calculated using Stata/MP release 17.0 (StataCorp
LLC, College Station, Texas).

Ethical considerations
The Johns Hopkins Institutional Review Boards determined our

study as exempt research under the US Department of Health and
Human Services regulations (IRB00236315).

RESULTS

Our study comprised 459 inter-hospital escalation-of-care requests
from July 2019 through December 2020 (Table 1). The overall
median age of referred patients was 53 years (P25-P75, 39-62),
which was not significantly different between the study periods
(P = 0.68). Men composed 57.5% of the overall cohort. The pro-
portion of male referrals increased from 49.1 and 51.4% in the third
(Q3) and fourth (Q4) quarters of 2019, respectively, to 61.2 and
54.8% during the same quarters in 2020, though it was not statis-
tically significant (P.p,q = 0.36). As expected, most of the referrals
originated from Maryland (70.4%); the next three most common
states were Virginia (16.6%), Pennsylvania (5%) and West Virginia
(4.1%). The distribution of origin states did not vary substantially
during the study (Popq = 0.39).

The inter-hospital referrals predominantly concerned ALD-RD
(41.6% of all referrals), followed by Other ALD (15%), NASH
(12%) and DILI (7.2%). Two-thirds of DILI referrals were due to

acetaminophen toxicity; our registry did not capture information on
the nature of toxic exposure (i.e. intentional, accidental or idiosyn-
cratic) as it was not central to the triage decision. ALD-RD was the
only liver diagnosis that increased significantly during the COVID-
19 pandemic, rising from a baseline 32% of referrals in 2019—and
39.7% of referrals in the first quarter (Q1) of 2020—to 48.7% during
the latter half of 2020 (P,..,q = 0.007). By contrast, Other ALD
constituted 16.8 and 14.1% of all referrals in the second halves of
2019 and 2020, respectively (Popq = 0.47). The frequency of DILI—
7.2% in 2019 Q3-Q4 and 9.9% in 2020 Q3-Q4 (Pyepq = 0.17)—
was similarly unchanged. Other non-ALD liver diagnoses also largely
remained stable over the study period (Table 1 and Fig. 1).

Among patients with ALD-RD, the median age of 44 years
(P25-P75, 35-53) did not change over time (P = 0.88). They were
collectively younger than patients with Other ALD (median age 56
years [P25-P75, 49-61]) or non-ALD diagnoses (median age 58
years [P25-P75, 46—66]) (P < 0.001). The proportion of men with
ALD-RD changed from 38.9% (2019 Q3) and 50% (2019 Q4) to
60% (2020 Q3) and 55.8% (2020 Q4), though the trend was not

statistically significant (Pyepq = 0.46). There was also no gender

tren
trend among patients with Other ALD, which remained stable with
76.2% men in 2019 Q3-Q4 and 70.4% in 2020 Q3-Q4 (Pyend
= 0.53). Similarly, non-ALD diagnoses also did not exhibit gender

trends over time (P onq = 0.41).

DISCUSSION

For many, the COVID-19 pandemic has induced numerous psychoso-
cial stressors—including social isolation, the dissolution of structured
endeavors and unemployment—that can trigger or intensify harmful
alcohol consumption (Flaudias et al., 2021). Market and survey
studies have shown increased alcohol purchases and drinking during
the pandemic (Editor, 2020; Grossman et al., 2020; Pollard et al.,
2020). Accounting for nearly half of all liver-related deaths in the
USA since 2000, ALD was already a devastating liver disease even
before the COVID-19 era (Yoon and Chen, 2016). Our analysis
now presents an 18-month perspective on the pandemic-associated
rise in inter-hospital escalation-of-care referrals for severe ALD with
recent unhealthy drinking in Maryland and neighboring states. The
report leverages our vantage point from a high-acuity tertiary referral
hospital with a specialized clinical and research center that serves
patients with severe ALD (Weeks et al., 2018).

The three most common liver diagnoses in our study were, in
descending order, ALD, NASH and DILI. A recent analysis of the
US national trends among adult LT waitlist registrants saw similar
findings after 2016, though the study did not include DILI (Wong
and Singal, 2020). Patients with severe ALD and recent unhealthy
drinking dominated the inter-hospital transfer referrals to our
inpatient liver unit during the COVID-19 pandemic, growing 2.3-
times in number or 1.5-times by percentage between corresponding
months (July-December) in 2019 and 2020 (Table 1 and Fig. 1).
Correspondingly, an internal audit of our program also suggested
no slowing of LTs in 2020 for patients with ALD, even while many
transplant centers in the country curtailed their practices during
the pandemic’s early months (Strauss et al., 2021). Moreover, our
program shifted toward a notably higher proportion of new LTs for
ALD-RD during 2020 Q2-Q#4 relative to our historical norm. We
presented these data in greater detail elsewhere as they were generally
outside the scope of the current report.

In our cohort, patients with severe ALD and recent unhealthy
drinking were generally younger than individuals with other liver
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Table 1. Demographic and clinical information of hospitalized patients referred for inter-hospital transfer to the Johns Hopkins Hospital
adult inpatient liver unit, stratified by time period starting in the third quarter (Q3) of 2019

Overall 2019 Q3 2019 Q4 2020 Q1 2020 Q2 2020 Q3 2020 Q4 P value
(n = 459) (n = 55) (1 = 70) (n = 78) (n = 65) (n = 98) (n = 93)
Age, median 53 54 54 54 51 51.5 50 0.68
(P25-P75),y (39-62) (44-61) (37-59) (40-635) (38-60) (39-62) (40-64)
Men, no. (%) 264 (57.5) 27 (49.1) 36 (51.4) 49 (62.8) 41 (63.1) 60 (61.2) 51 (54.8) 0.36
State, no. (%) 0.39
Maryland 323(70.4) 39 (70.9) 50 (71.4) 53 (68.0) 47 (72.3) 70 (71.4) 64 (68.8)
Virginia 76 (16.6) 9(16.4) 9(12.9) 14 (18.0) 12 (18.5) 13 (13.3) 19 (20.4)
Pennsylvania 23 (5.0) 0(0) 8 (11.4) 7 (9.0) 4(6.2) 1(1.0) 3(3.2)
West Virginia 19 (4.1) 4(7.3) 2(2.9) 2(2.6) 0(0) 7(7.1) 4(4.3)
Delaware 10 (2.2) 1(1.8) 0(0) 1(1.3) 1(1.5) 4 (4.1) 3(3.2)
District of 8 (1.7) 2(3.6) 1(1.4) 1(1.3) 1(1.5) 3(3.1) 0(0)
Columbia
Liver disease*, no. (%)
ALD-RD't 191 (41.6) 18 (37.7) 22 (31.4) 31(39.7) 27 (41.5) 50 (51.0) 43 (46.2) 0.007
Other ALD** 69 (15.0) 10 (18.2) 11 (15.7) 12 (15.4) 9(13.9) 15 (15.3) 12 (12.9) 0.47
NASH 55 (12.0) 6 (10.9) 5(7.1) 8 (10.3) 7 (10.8) 14 (14.3) 15 (16.1) 0.09
DILI 33(7.2) 3(5.5) 6 (8.6) 4(5.1) 1(1.5) 7(7.1) 12 (12.9) 0.17
HCV 27 (5.9) 5(9.1) 1(1.4) 7(9.0) 3 (4.6) 6(6.1) 5(5.4) 0.82
Other 70 (15.3) 9 (16.4) 13 (18.6) 12 (15.4) 17 (26.2) 10 (10.2) 9(9.7) 0.10
Undiagnosed*** 43 (9.4) 8 (14.6) 13 (18.6) 8(10.3) 6(9.2) 4(4.1) 4(4.3) <0.001
COVID-19, no. (%) 7 (1.5) NA NA 0(0) 1(1.5) 2(2.0) 4(4.3) 0.39%

*A patient may have multiple liver diagnoses.
** ALD with no reported alcohol use during the preceding 6 months.
***Liver disease etiology not yet diagnosed at the time of referral.

TBased on 2020 Q2 through Q4 since 2020 Q1 only minimally overlapped the COVID-19 pandemic.
Tt Recent drinking (RD) is defined as alcohol use within the previous 6 months.

diagnoses. It was consistent with previous population-level surveil-
lance data (Yoon and Chen, 2016; Tapper and Parikh, 2018), but we
saw no age-related trends during our study period. We also discerned
no significant gender trends in either our overall cohort or patients
with recent unhealthy drinking. Our findings diverged from a 2020
RAND Corporation survey study during the early months of the
pandemic, in which women reported more overall and heavy alcohol
drinking days from 2019 to 2020 (Pollard et al., 2020). One possible
explanation for our divergence may be gender-dependent decisions
when external healthcare providers refer hospitalized patients.

One limitation of our study was its single-center perspective,
but the prospective data from numerous referring hospitals created
a valuable denominator that helped offset the weakness. Unlike
analyses of a single-hospital census, our approach enabled us to
identify hospitalized patients with liver disease in our regional com-
munity once local providers initiated a referral, irrespective of the
success of the actual transfers. Another study limitation was our
restricted access to patients’ clinical and demographic information
at the time of inter-hospital referral to minimize potential intrusions
in patient privacy. Our data relied on the reporting accuracy of
the referring healthcare providers; we were unable to confirm the
data ourselves via a manual review of individual medical records.
Nonetheless, we expected any potential misclassification error to
be nondifferential (i.e. random) across time and diagnosis groups.
If anything, such scenarios often—albeit not universally—result in
underestimating differences between groups (Alexander et al., 2014).
A related limitation was our deferral to the referring provider on
his/her professional practices for diagnosing unhealthy alcohol use.
Local practices often favored history taking alone for self-reported

alcohol intake, which is frequently associated with underreporting
relative to alcohol biomarkers (Griiner Nielsen et al., 2021). There-
fore, our study findings may potentially be a ‘best-case scenario’
regarding the frequency and escalation of decompensations from
ALD with active drinking.

In summary, our report represents an early effort to quantify a
heightened incidence of severe ALD with unhealthy alcohol drinking
during the first calendar year of the COVID-19 pandemic. These
timely findings support the early warnings by experts against poten-
tial downstream adverse effects from increased hazardous alcohol
drinking during the pandemic (Da et al., 2020). ALD has been a
leading driver of liver-related mortality in the USA over the past
decade, particularly among young individuals (Yoon and Chen, 2016;
Tapper and Parikh, 2018). Given population-wide rises in alcohol
use during the COVID-19 era, we may continue to see surges of
ALD-related complications for the foreseeable future, possibly even
post-pandemic. There is a potential for exacerbating the already
sizeable burden of ALD-related healthcare utilization (Mellinger
etal.,2018).

To stem the unfortunate cascade of unwelcome events following
increased drinking during the COVID-19 pandemic, health insti-
tutions may consider strengthening the synergy between substance
use treatment and medical services from primary care to organ
transplantation. There is some evidence that an integrated, co-located
clinical model that jointly delivers addiction and medical care may be
superior to standard referral practices at promoting and maintaining
alcohol abstinence (Khan et al., 2016). Unfortunately, these multidis-
ciplinary practices are currently uncommon, at least in our country.
In a survey of primarily hepatologists and gastroenterologists in
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Fig. 1. The number (A) and proportion (B) of inter-hospital escalation-of-care referrals to the Johns Hopkins Hospital liver unit from the third quarter of 2019

through the fourth quarter of 2020, stratified by liver disease diagnosis.
*Recent drinking (RD) is defined as alcohol use within the previous 6 months.
**ALD with no reported alcohol use during the preceding 6 months.

***Liver disease etiology not yet diagnosed at the time of referral.

the USA, fewer than one-third of respondents reported working
in an integrated clinic with addiction providers (Im et al., 2020).
Further investigation is thus needed to identify best practices for
implementing mitigation strategies toward potential causal effects
between pandemic-related real-world events, alcohol consumption
and ALD occurrence.
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