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Abstract
Covid-19 is a systemic viral respiratory illness that can cause gastrointestinal manifestations. There is evidence that Covid-19 can
infect liver tissue and may cause transaminemia. A prognostic model is needed to aid clinicians in determining disease severity.
The Model for End-Stage Liver Disease-Sodium (MELD-Na) score is a mortality assessment tool in liver transplant patients that
has been found to be prognostic in other clinical situations. This study aimed to determine if the MELD-Na score was associated
with disease severity in patients with Covid-19, as assessed by multiple clinical outcomes including death within 30 days of
discharge and development of an acute kidney injury (AKI). This is a retrospective cohort study that analyzed patients admitted to
a community academic hospital with the diagnosis of Covid-19. The 30-day MELD-Na score was found to be significantly
higher in those who died (14.38 ± 6.92) relative to those who survived (9.68 ± 5.69; p = 0.03). Additionally, patients with a
MELD-Na score greater than 10 were found to have higher risk of developing an AKI (odds ratio (OR) 3.31 (1.08, 10.17); p =
0.03), need for hemodialysis (OR 9.69 (1.74, 53.96); p = 0.007), require vasopressors (OR 4.55 (1.22, 16.99); p = 0.02), and have
a longer hospital stay (OR 4.17 (1.05, 16.47); p = 0.03). The MELD-Na score may serve as a useful clinical scoring system for
prognosis in patients admitted to the hospital with Covid-19.
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Introduction

Covid-19 is a predominantly respiratory illness that can cause
systemic symptoms. Prognostic modeling systems are needed
to aid clinicians in risk assessment for patients admitted to the
hospital with Covid-19. Many have been proposed, however,
a recent systematic review has found that few models are
reliable [1]. The Model for End Stage Liver Disease-Sodium

or MELD-Na score is a scoring system that predicts 90-day
mortality for patients awaiting liver transplant [2, 3]. The
model has proven to be very useful given its reliance on easily
obtained and objective laboratory data. Recently, a study
found that the MELD-Na score could accurately predict mor-
tality in patients admitted to the hospital, regardless of the
clinical situation [4].

Interestingly, multiple studies have found evidence of liver
dysfunction in Covid-19 most commonly manifesting as an
elevation in the transaminases [5, 6]. Recently, pathological
and biochemical data has found that the SARS-CoV2 virus
can infect liver tissue [7] and may cause inflammation [8].
Given these findings and the usefulness of theMELD-Na score
as a prognostic tool, we set out to determine if the MELD-Na
score could prognosticate Covid-19 disease severity.

Methods

This is a retrospective, single-institution, cohort review study
conducted in patients admitted with Covid-19 to an academic
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county hospital in Houston, TX, USA. Institutional Review
Board approval was granted by the University of Texas Health
Science Center at Houston, Houston, TX, USA. Patient infor-
mation was obtained from an electronic medical record sys-
tem. Patients were included if they were admitted to the hos-
pital and discharged prior to June 15, 2020, tested positive for
Severe Acute Respiratory Syndrome (SARS)-CoV-2 by poly-
merase chain reaction (PCR)–based testing at least once dur-
ing admission or if they had a positive diagnosis as an outpa-
tient, and were ≥ 18 years old. Patients were excluded if they
were pregnant, received warfarin at any time during admis-
sion, had an active hepatology clinical diagnosis, or had miss-
ing data needed to calculate the MELD-Na score.

The primary outcome was mortality based on the Model of
End Stage Liver Disease- Sodium (MELD-Na) score.
Secondary outcomes included the association of the MELD-
Na score and clinical outcomes such as the development of an
acute kidney injury (AKI) or need for hemodialysis.
Admission laboratory values are the first obtained during the
hospital stay (within 48 h of admission). Peak or Nadir labo-
ratory data variables are the highest or lowest obtained during
the hospital stay. The deceased within 30-day time point was
assessed as follows: patients who were discharged and were
not designated as deceased in the EMR within or at 30 days
after discharge were presumed to be living. The MELD-Na
score was calculated using the online platform provided by the
Organ Procurement and Transplantation Network (https://
optn.transplant.hrsa.gov/resources/allocation-calculators/
meld-calculator/). AKI is defined as a rise in serum creatinine
by > 0.3 mg/dL within 48 h.

Data was recorded and analyzed using the computer pro-
gram Microsoft Excel (Redmond, WA, USA). The computer
program R [9] and accompanying R-studio [10] (version
1.2.5033, Orange Blossom) were used for statistical compu-
tations. For continuous and categorical data, a Welch two-
sided t test and a Fisher exact test or Pearson’s chi-squared
test were used to make comparisons, respectively. For all
analyses, a p value < 0.05 was considered statistically signif-
icant. The package epiR [11] was used in the R-studio soft-
ware to determine odds ratios. Code is available upon request.
Missing data was tabulated as NA variables and were exclud-
ed from the respective calculation. No funding was used to
perform this study.

Results

In total, 107 patients were admitted to the hospital with Covid-
19 and discharged prior to June 15, 2020. Five patients were
pregnant, two patients received warfarin during admission,
and one patient was admitted for acute cholecystitis; these
patients were excluded from further analysis. Of note, one
patient presented with active hematochezia and one with

variceal bleeding; these patients were included in the analysis.
The total sample size was 99 (Table 1). The average age was
55.81 ± 14.05 and 57% were male. The median Charlson
Comorbidity Index [12] of the population was 2 (IQR: 1–4).
Patients were obese with an average BMI of 32.61 ± 8.33 kg/
m2. A majority of the population (91%) had a minority back-
ground. Those who died had similar comorbidities relative to
those who survived. Of those who died, only 1 (6%) patient
had documented liver disease compared with 8 (10%) in pa-
tients who survived at 30 days post-discharge: 1 patient
had documented hepatosplenomegaly in the setting of
myelofibrosis, 3 patients had alcoholic cirrhosis, 3 pa-
tients had hepatic steatosis/fatty liver disease, 1 patient
had hepatocellular carcinoma, and 1 patient had cirrho-
sis secondary to hepatitis C. Nine (10%) patients had
documented hepatitis C infection and one patient had
hepatitis B infection. Those who died (16.10 ± 7.21 days)
had an average length of stay that was significantly
longer than those who survived (9.89 ± 9.73 days; p =
0.006). Mortality was 16% (N = 16 patients).

To assess whether hepatobiliary dysfunction would corre-
late with disease severity in patients admitted to the hospital
with Covid-19, we first assessed if transaminitis was more
common in those who died within 30 days of discharge.
Although there was a trend towards higher peak transaminases
and change in transaminases relative to baseline, no signifi-
cant differences were found. To evaluate liver function, we
compared total bilirubin, albumin, and INR with mortality at
discharge. Although non-significant, both the peak total bili-
rubin and change in total bilirubin relative to baseline were
also found to be higher in patients who died relative to those
who survived. The highest INR during admission was found
to be significantly higher in those who died (1.66 ± 0.70, N =
16) relative to those who survived (1.18 ± 0.30, N = 53; p =
0.01). Additionally, admission serum albumin was found to be
lower in those who died (3.19 ± 0.46, N = 16) compared with
those who survived (3.47 ± 0.53, N = 75; p = 0.04). Finally,
the lowest serum albumin was found to be lower in those
who died (2.37 ± 0.46, N = 16) relative to those who survived
(3.04 ± 0.58, N = 76; p < 0.001).

Given the findings that INR and albumin were more likely
to be abnormal in patients who died, we applied the MELD-
Na model system to determine if it could be of prognostic
significance. Data to calculate a MELD-Na score at admission
was available for 63 (64%) patients. The MELD-Na score
calculated at admission to the hospital was found to be signif-
icantly higher in patients who died within 30 days after dis-
charge (14.38 ± 6.92, N = 13) compared with those who sur-
vived (9.68 ± 5.69,N = 50; p = 0.03) (Table 2). To determine a
threshold MELD-Na score to use, we studied the association
of the MELD-Na score at multiple score thresholds with 30-
day mortality (Table 3). We found that MELD-Na scores > 10
and > 15 were associated with 30-day mortality by an odds
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ratio of 9.00 (CI: 2.29, 35.30; p = 0.001) and 5.27 (CI: 1.36,
20.35); p = 0.01), respectively.

Finally, we set out to determine if the MELD-Na score in
Covid-19 patients would be associated with clinical outcomes
of Covid-19 disease severity (Table 4). Patients with MELD-
Na scores greater than 10 had an odds ratio of developing an
acute kidney injury, need for hemodialysis, need for vasopres-
sors, and length of stay exceeding 7 days by 3.31 (CI: 1.08,
10.17; p = 0.03), 9.69 (CI: 1.74, 53.96; p = 0.007), 4.55 (CI:
1.22, 16.99; p = 0.02), and 4.17 (CI: 1.05, 16.47; p = 0.03)
respectively.

Discussion

Prognostic markers are needed to aid clinicians in managing
Covid-19 patients. The MELD-Na score is a very attractive
option, given its simplicity, objectivity, and pervasiveness in
clinical medicine. To our knowledge, this is the first time that
the MELD-Na score has been applied to Covid-19 patients
and found to have prognostic significance. MELD-Na scores
greater than 10 were found to be associated with mortality,

development of an AKI, need for hemodialysis and vasopres-
sors, and prolonged hospital stay.

The MELD-Na scoring system may capture disease sever-
ity in Covid-19 for two reasons. The first is the inclusion of
INR into its calculation. It is well known that a coagulopathy
occurs in the disease course of Covid-19 illness, which typi-
cally manifests as an abnormal elevation in INR [13, 14]. This
coagulopathy has been shown to correlate with mortality [14].
The second reason is the inclusion of creatinine in the MELD-
Na score. It is well known that AKI and need for hemodialysis
increase risk of mortality of Covid-19 illness [6, 15, 16].
Interestingly, disease severity models have already proposed
incorporate markers of kidney function, such as blood urea
nitrogen [17] and glomerular filtration rate [18]. Thus, it is
likely that renal function factors into Covid-19 disease sever-
ity, which may be captured by the MELD-Na score.

It is interesting that MELD-Na scores of > 10 and > 20
appear to have increased risk of death, but scores > 30 did
not. There were few patients in this paper that had scores
above 30 (7 patients, 10%). Thus, it is possible that this study
was not powered to detect a difference at this level. More
variables will be needed to accurately model disease severity,

Table 1 Basic demographic data for population studied

Total Deceased within 30 days Alive at 30 days

Sample size 99 16 83

Male, count (%) 56 (57) 13 (81) 43 (52)

Age, mean ± SD, years 55.81 ± 14.05 61.37 ± 13.77 54.73 ± 13.92

BMI mean ± SD, kg/m2 32.61 ± 8.33, N = 96 34.17 ± 10.74, N = 15 32.32 ± 7.86, N = 81

Length of stay, mean ± SEM, days 10.89 ± 9.62 16.10 ± 7.21 9.89 ± 9.73

Charlson Comorbidity Index, mean 2 (1–4) 4 (2–6.25) 2 (1–4)

Race, count (%)

Black/AA 29 (29) 7 (44) 22 (26)

Hispanic 61 (62) 8 (50) 53 (64)

White/Caucasian 6 (6) 1 (6) 5 (6)

Did not identify 3 (3) 0 (0) 3 (4)

Comorbidities, count (%)

Type II diabetes 48 (48) 8 (50) 40 (48)

Congestive heart failure 14 (14) 3 (19) 11 (13)

Myocardial infarction 9 (9) 2 (13) 7 (8)

Chronic kidney disease 10 2 (13) 8 (10)

Liver disease 9 (9) 1 (6) 8 (10)

COPD 7 (7) 1 (6) 6 (7)

Hepatitis C 9 (9) 2 (13) 7 (8)

Hepatitis B 1 (1) 1 (6) 0 (0)

A Welch two sided t test and a Pearson chi-squared test or fisher exact test were used to make comparisons for continuous and categorical data,
respsectively, with p < 0.05 indicating statistical significance

Sample sizes are indicated next to data point if different from main group heading

COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; SD, standard deviation

1980 SN Compr. Clin. Med.  (2020) 2:1978–1982



as several have already been proposed [17, 18]. Nevertheless,
future prospective studies that have greater sample sizes
should be done to determine if higher MELD-Na scores cor-
relate with Covid-19 disease severity.

There are a few conclusions that can be drawn from the
analysis of liver function studies analyzed in this paper. The
first is that although there were no differences found compar-
ing transaminitis, total bilirubin, and alkaline phosphatase
with mortality, the population averages were below the refer-
ence upper limit of normal on admission and were mostly
above it at their peaks during hospital stay. This may imply
that some form of liver damage is occurring during the course
of illness. Importantly, this study was not designed to examine
liver damage in Covid-19 and thus, future research should

compare Covid-19-negative and positive patients to determine
if there is truly evidence of liver damage above what is usually
seen in hospitalized patients. Additionally, this study was not
controlled for use of medications, other than warfarin, which
can impact liver function.

Limitations of this study include a smaller sample size,
focus on one community hospital, and the retrospective nature
of the study, precluding causative analysis. Strengths include
analysis of a predominantly minority population, analysis of a
population that was followed post-discharge, and reliance on
objective clinical data to determine prognosis. Taken together,
we find here that the MELD-Na score may serve as a useful
prognostic numerical assessment of disease severity for pa-
tients admitted to the hospital for Covid-19.

Table 2 The relationship between hepatobiliary laboratory data and mortality

Deceased within 30 days, mean ± SD Alive at 30 days, mean ± SD p value Reference range

AST, admission, (U/L) 38.69 ± 24.41, N = 16 42.24 ± 28.60, N = 76 0.61, ns 10–40 U/L
AST, peak, (U/L) 304.20 ± 751.78, N = 15 98.55 ± 279.11, N = 66 0.31, ns

Change in AST, (U/L) 390.40 ± 922.08, N = 10 96.89 ± 340.39, N = 44 0.34, ns

ALT, admission, (U/L) 26.25 ± 17.40, N = 16 32.49 ± 23.16, N = 76 0.23, ns 10–40 U/L
ALT, peak, (U/L) 139.93 ± 288.28, N = 15 78.60 ± 227.95, N = 67 0.45, ns

Change in ALT, (U/L) 161.30 ± 355.86, N = 10 67.16 ± 283.27, N = 44 0.44, ns

TB, admission, (mg/dL) 0.66 ± 0.42, N = 16 0.94 ± 2.66, N = 76 0.38, ns 0.3–1.0 mg/dL
TB, peak, (mg/dL) 1.37 ± 1.21, N = 15 1.13 ± 3.30, N = 66 0.63, ns

Change in TB, (mg/dL) 0.73 ± 0.82, N = 10 0.21 ± 0.38, N = 43 0.07, ns

ALP, admission, (U/L) 73.06 ± 30.80, N = 16 88.02 ± 42.65, N = 76 0.11, ns 30–120 U/L
ALP, peak, (U/L) 180.00 ± 186.16, N = 15 108.60 ± 97.820, N = 66 0.16, ns

Change in ALP, (U/L) 133.80 ± 217.00, N = 10 34.31 ± 109.06, N = 45 0.18, ns

Albumin admission, (g/dL) 3.19 ± 0.46, N = 16 3.47 ± 0.53, N = 75 0.04* 3.5–5.5 g/dL
Albumin nadir (gm/dL) 2.37 ± 0.46, N = 16 3.04 ± 0.58, N = 76 < 0.001*

INR admission 1.15 ± 0.13, N = 13 1.12 ± 0.26, N = 50 0.61, ns -
INR peak 1.66 ± 0.70, N = 16 1.18 ± 0.30, N = 53 0.01*

Lipase, admission 46.33 ± 77.03, N = 6 48.36 ± 33.80, N = 22 0.95, ns -

Data are presented as mean ± SEM. A Welch two sided t test was used to make comparisons with p < 0.05 indicating statistical significance

*Significant result

Sample sizes are indicated next to data point if different from main group heading

ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; CI, confidence interval; ICU, intensive care unit; INR,
international normalized ratio; ns, non-significant; SEM, standard error of the mean; TB, total bilirubin

Table 3 The MELD-Na score is
higher in patients with Covid-19
who died at 30 days post-
discharge relative to those who
survived

Deceased within
30 days, mean ± SD

Alive at 30 days,
mean ± SD

Significance

Sample size 13 50 -

Sodium (mEq/L), admission 134.85 ± 4.69 136.62 ± 4.11 0.22, ns

Creatinine (mg/dL), admission 2.40 ± 3.00 1.63 ± 2.65 0.40, ns

Total Bilirubin (mg/dL), admission 0.64 ± 0.41 1.08 ± 3.27 0.36, ns

INR, admission 1.15 ± 0.13 1.12 ± 0.26 0.61, ns

MELD-Na score, admission 14.38 ± 6.92 9.68 ± 5.69 0.03*

Data are presented as mean ± standard deviation

*Significance calculated using a two-sided Welch t test, with a p < 0.05 indicating significance

INR, international normalized ratio;MELD, model of end-stage liver disease; Na, sodium; SD, standard deviation
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Table 4 The relationship between the MELD-Na > 10 and clinical outcomes of Covid-19 disease severity

MELD-Na > 10, count (%) MELD-Na < 10, count (%) Odds ratio Significance

Sample Size 19 44 - -

Need for ICU Admission 10 (53) 17 (39) 1.76 (0.60, 5.23) 0.30, ns

Develop AKI1 12 (63) 15 (34) 3.31 (1.08, 10.17) 0.03*

Need Supplemental oxygen 16 (84) 39 (89) 0.68 (0.15, 3.21) 0.63, ns

Need intubation 7 (37) 8 (18) 2.63 (0.79, 8.77) 0.11, ns

Need for vasopressors 7 (37) 5 (11) 4.55 (1.22, 16.99) 0.02*

Length of stay > 7 days 15 (83) 24 (55) 4.17 (1.05, 16.47) 0.03*

Need for Hemodialysis 6 (32) 2 (5) 9.69 (1.74, 53.96) ‡0.007*

Data are presented as count (percentage of total sample size). Pearson’s chi-squared test was used to make comparisons with p < 0.05 indicating statistical
significance

*Significant result

MELD, model of end-stage liver disease; Na, sodium; ns, non-significant
1 AKI: defined as a rise in serum creatinine > 0.3 mg/dL within 48 h
‡ Fisher’s exact test was used to determine significance
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