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A B S T R A C T

Background and aims: Although some studies have identified a possible link between the De Ritis ratio and the
mortality of patients with COVID-19), the predictive value and the optimal cut-value remain unclear. This study
aimed to explore the correlation between the De Ritis ratio and mortality in hospitalized COVID-19 .
Methods: The data for this cohort study came from a retrospective cohort study that was carried out in a medical
system in New York City. The primary outcome was the in-hospital mortality of included patients. The researchers
ran multivariate Cox regression analyses, curve fitting, and subgroup analysis to support our findings. Overall
survival in different De Ritis ratio groups was plotted as Kaplan–Meier survival curves.
Results: The study enrolled 4371 participants with COVID-19 from March 1, 2020 to April 16, 2020. The overall
mortality was 24.8% (1082/4371). The curve fitting analyses indicated that the De Ritis ratio has a positive linear
connection with mortality in patients with COVID-19. After adjusting for all covariates, participants with a De
Ritis ratio �2 exhibited 1.29 times the risk of in-hospital mortality compared with those with a De Ritis ratio <1
(hazard ratio 1.29, 95% confidence interval 1.02–1.62, p ¼ 0.031). The p for trend was <0.05 for all models.
Patients in the group with a De Ritis ratio �2 experienced the shortest survival time in the Kaplan–Meier survival
analysis.
Conclusions: A higher baseline De Ritis ratio is correlated with a corresponding higher mortality among hospi-
talized people with COVID-19.
1. Introduction

The coronavirus disease 2019 (COVID-19) has generated unprece-
dented challenges worldwide. Although its clinical presentation is often
mild or even asymptomatic, the studies have shown that up to 20%–30%
or more of patients with COVID-19 in hospitals experience critical illness
[1–3]. Numerous clinical prognostic factors, including race, age, ciga-
rette smoking, underlying comorbidities, and laboratory tests, have been
recognized as contributing to more severe disease [4–6]. An abnormal
liver test is common in patients with COVID-19 and has been reported to
be associated with a more severe outcome and overall mortality [9].
Some studies have reported a correlation between COVID-19 severity and
any abnormal liver function tests, with no differentiation between
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alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
levels [7,8]. Other studies found that patients with severe COVID-19
showed a considerably greater rate of aberrant AST at admission but
found no difference in ALT or total bilirubin at baseline between patients
with severe and non-severe COVID-19 [9]. Additionally, Chew et al.
showed that significant liver injury (AST �5 � ULN or ALT �5 � ULN)
was not associated with death [10].

The De Ritis ratio (AST to ALT ratio) was first described in 1957 as a
screening test for viral hepatitis, and it remains in use today to determine
the severity of liver impairment. Some studies have found possible cor-
relations between the De Ritis ratio and other diseases including cancer
and acute myocardial infarction [11,12]. A prior study from Turkey that
investigated 554 patients with COVID-19 reported that the De Ritis ratio
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Fig. 1. Flowchart of Patient Selection.
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was a good predictor of hospitalization in the intensive care unit but did
not predict mortality [13]. Another study from Spain found a higher De
Ritis ratio in non-survivors of COVID-19 than that in the survivors [14].
In addition, Harsh et al. found that De Ritis ratio at admission was a
significant predictor of mortality [15]. A meta-analysis found that a
higher De Ritis ratio was linked to poor outcomes from COVID-19,
although previous published studies have been limited to small sample
sizes [16]. This study therefore set out to assess the predictive value of
the baseline De Ritis ratio in a large set of hospitalized patients with
COVID-19.

2. Materials and methods

2.1. Database

The dataset from the Dryad Database was used in this retrospective
observational cohort study, shared by Altschul and David [2] (https://da
tadryad.org/stash/dataset/10.5061/dryad.7d7wm37sz).

2.2. Study population

Patients diagnosed as COVID-19-positive by RT-PCR and admitted to
four hospitals in the Montefiore Health System in New York City from
March 1, 2020, to April 16, 2020 were included. Patients with COVID-19
over the age of 18 were included; for patients who were hospitalized
multiple times, only the most recent admission was considered. Patients
were excluded from this analysis if they were either not admitted or died
before admission to the hospital or had insufficient or unavailable AST or
ALT data to calculate the De Ritis ratio. This study included a total of
4371 patients. Follow-up lasted from 0 to 56 days, terminating on May 7,
2020.

2.3. Variables

The following variables that were available at the time of entry were
included: (1) demographic information: age and race, with patients of
two or more races being classified as “others”; (2) history of myocardial
infarction, cerebrovascular disease, diabetes, congestive heart failure,
central nervous system disease, chronic obstructive pulmonary disease,
or renal dysfunction; (3) vital signs, including mean arterial blood
pressure (MAP), oxygen saturation (SpO2) and body temperature (T); (4)
2

laboratory tests, including white blood cells, C-reactive protein (CRP), D-
dimer, platelets, blood urea nitrogen (BUN), creatinine, blood sodium,
blood glucose, international normalized ratio (INR), procalcitonin (PCT),
troponins, AST, and ALT. The AST to ALT ratio was used to calculate the
De Ritis ratio.

2.4. Outcomes

The outcome of the study was in-hospital mortality. The number of
days from admission to in-hospital mortality was used as the time-to-
event data. In-hospital mortality registration and the National Death
Registry were used to gather this information.

2.5. Statistical analysis

Participants were divided into three groups (<1, 1–2, and �2) ac-
cording to the De Ritis ratio. Patient characteristics were determined
based on the De Ritis ratio. Continuous variables are represented by
means and standard deviation, whereas categorical variables are
expressed by numbers and percentages. To assess differences across the
distinct groups of De Ritis ratios, the Chi-square test (categorical vari-
ables), one-way analysis of variance test (normal distribution), or Krus-
kal–Wallis H test (skewed distribution) were used.

Hazard ratios (HRs) and 95% confidence intervals (CIs) for mor-
tality associated with the De Ritis ratio were estimated using Cox
proportional-hazards models. We built four different models: (1) the
unadjusted model; (2) the model adjusted for age and race; (3) the
model adjusted for age, race, renal disease, central nervous system
disease, oxygen saturation, temperature, and median arterial blood
pressure; (4) the model adjusted for age, race, renal disease, central
nervous system disease, oxygen saturation, temperature, median arte-
rial blood pressure, D-dimer, platelets, INR, BUN, creatinine, sodium,
ALT, AST, CRP, PCT, and troponins. The multivariate model included
clinically relevant parameters and significant covariates from the uni-
variate analysis (p < 0.05). Trend tests were used to investigate the
statistical significance of trends.

Subsequently, the relationships between the De Ritis ratio and in-
hospital mortality were assessed using cubic spline curves and smooth
curve fitting on a continuous scale. Stratified Cox proportional-hazards
models were used for the subgroup analyses. The likelihood ratio test
was used evaluate how the subgroups interacted. We did an interaction
test after converting continuous factors to categorical data according to
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the clinical cut-off value. Kaplan–Meier survival analyses were applied to
determine whether the De Ritis ratio levels were related to the cumula-
tive death rates. A p-value <0.05 was used to denote statistical signifi-
cance (two-sided). For continuous variables, the missing values were
replaced by the mean or median values. R statistical software (http://
www.R-project.org/, The R Foundation) and the Free Statistics soft-
ware version V1.5 were used for the analyses.

3. Results

3.1. Selection of participants

Of the 4711 adult participants who completed follow-up, 340 par-
ticipants were excluded according to the exclusion criteria. The final
analysis set comprised 4371 participants. The flow chart of the study is
shown in Fig. 1.

3.2. Baseline data

The baseline data of all individuals, divided into three groups
Table 1
Baseline characteristics by De Ritis ratio range.

Variables Total (n ¼ 4371) De Ritis Ratio

＜1 (n ¼ 722

Length of stay (days), Median (IQR) 5.0 (3.0, 9.0) 4.0 (2.0, 8.0)
Age (years), Mean � SD 63.7 � 16.5 58.2 � 16.5
Race, n (%)
Other 820 (18.8) 161 (22.3)
Black 1576 (36.1) 219 (30.3)
White 360 (8.2) 51 (7.1)
Asian 110 (2.5) 20 (2.8)
Latino 1505 (34.4) 271 (37.5)

Myocardial infarction, n (%)
No 4179 (95.6) 692 (95.8)
Yes 192 (4.4) 30 (4.2)

Congestive heart failure, n (%)
No 3862 (88.4) 645 (89.3)
Yes 509 (11.6) 77 (10.7)

Cerebrovascular disease, n (%)
No 3895 (89.1) 663 (91.8)
Yes 476 (10.9) 59 (8.2)

COPD, n (%)
No 4121 (94.3) 686 (95)
Yes 250 (5.7) 36 (5)

Diabetes mellitus,n (%)
No 3742 (85.6) 634 (87.8)
Yes 629 (14.4) 88 (12.2)

Renal disease, n (%)
No 3590 (82.1) 629 (87.1)
Yes 781 (17.9) 93 (12.9)

Central nervous system, n (%)
No 3820 (87.4) 658 (91.1)
Yes 551 (12.6) 64 (8.9)

Oxygen saturation (%), Mean � SD 92.8 � 8.2 93.9 � 6.4
Temperature (�C), Mean � SD 36.6 � 5.2 36.2 � 6.4
MAP (mmHg), Mean � SD 85.5 � 16.5 88.8 � 14.5
D-dimer (mg/L), Median (IQR) 1.3 (0.4, 3.2) 1.0 (0.4, 2.9)
Platelets (k/mm3), Mean � SD 235.2 � 107.0 264.8 � 120.
INR, Median (IQR) 1.1 (1.0, 1.2) 1.1 (1.0, 1.2)
BUN (mg/dL), Median (IQR) 17.0 (11.0, 34.0) 14.0 (10.0, 2
Creatinine (μmol/liter), Median (IQR) 1.1 (0.8, 1.9) 1.0 (0.8, 1.3)
Sodium (mmol/L), Median (IQR) 137.0 (134.0, 140.0) 137.0 (134.0
Glucose (mmol/L), Median (IQR) 119.0 (0.0, 169.0) 124.0 (87.0,
AST (U/liter), Median (IQR) 40.0 (27.0, 65.0) 37.0 (25.2, 6
ALT (U/liter), Median (IQR) 27.0 (17.0, 45.0) 50.0 (34.0, 8
WBC (per mm3), Median (IQR) 7.5 (5.6, 10.4) 8.0 (5.9, 10.8
Lymphocytes (per mm3), Median (IQR) 1.0 (0.7, 1.4) 1.1 (0.8, 1.6)
CRP (mg/L), Median (IQR) 7.4 (1.7, 16.6) 5.4 (0.8, 13.5
Procalcitonin (ng/ml), Median (IQR) 0.1 (0.0, 0.4) 0.1 (0.0, 0.3)
Troponin (ng/ml), Mean � SD 0.1 � 0.3 0.1 � 0.5

ALT: Alanine amino transferase, AST: Aspartate amino transferase, BUN: Blood urea n
INR: International normalized ratio, MAP: Median arterial blood pressure, WBC: Wh
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according to the De Ritis ratio, are presented in Table 1. The mean age of
the participants was 63.7 � 16.5 years. There were statistically signifi-
cant differences in age, race, cerebrovascular disease, renal disease,
central nervous system disease, SpO2, MAP, D-dimer, platelets, BUN,
creatinine, sodium, AST, ALT, PCT, CRP, and troponins.

3.3. Outcomes

The overall mortality was 24.8% of hospitalized patients. In-hospital
mortality was 14.8% in the De Ritis ratio <1 group, 22.2% in the 1–2
group, and 34.9% in the �2 group. Participants with a De Ritis ratio �2
had a higher incidence of mortality than the 1–2 group and the <1 group
(p < 0.001) (Fig. 2).

3.4. Multivariate models of De Ritis ratio and in-hospital mortality

A univariate Cox regression analysis of covariates and in-hospital
mortality demonstrated the potential confounders shown in Supple-
mental Table A.1 (Supplemental file). Age, race, renal disease, central
nervous system disease, oxygen saturation, temperature, median arterial
blood pressure, D-dimer, platelets, BUN, creatinine, sodium, AST, ALT,
p-value

) 1–2 (n ¼ 2347) �2 (n ¼ 1302)

5.0 (3.0, 10.0) 5.0 (3.0, 9.0) <0.001
63.3 � 15.9 67.5 � 16.5 < 0.001

< 0.001
437 (18.6) 222 (17.1)
817 (34.8) 540 (41.5)
198 (8.4) 111 (8.5)
65 (2.8) 25 (1.9)
830 (35.4) 404 (31)

0.643
2248 (95.8) 1239 (95.2)
99 (4.2) 63 (4.8)

0.637
2072 (88.3) 1145 (87.9)
275 (11.7) 157 (12.1)

0.037
2078 (88.5) 1154 (88.6)
269 (11.5) 148 (11.4)

0.512
2214 (94.3) 1221 (93.8)
133 (5.7) 81 (6.2)

0.032
2018 (86) 1090 (83.7)
329 (14) 212 (16.3)

< 0.001
1917 (81.7) 1044 (80.2)
430 (18.3) 258 (19.8)

< 0.001
2062 (87.9) 1100 (84.5)
285 (12.1) 202 (15.5)
92.8 � 8.0 92.1 � 9.4 < 0.001
36.7 � 5.2 36.8 � 4.5 0.08
86.0 � 15.9 82.9 � 18.1 < 0.001
1.2 (0.4, 2.9) 1.8 (0.5, 3.9) < 0.001

3 231.6 � 99.7 225.3 � 109.3 < 0.001
1.1 (1.0, 1.2) 1.1 (1.0, 1.2) < 0.001

4.8) 16.0 (10.0, 30.0) 23.0 (13.0, 47.0) < 0.001
1.1 (0.8, 1.6) 1.4 (0.9, 2.8) < 0.001

, 140.0) 137.0 (134.0, 140.0) 137.0 (134.0, 141.0) 0.052
166.0) 119.0 (0.0, 170.0) 118.0 (0.0, 167.0) 0.177
3.8) 39.0 (27.0, 61.0) 44.0 (28.0, 77.0) < 0.001
6.8) 28.0 (19.0, 43.0) 17.0 (11.0, 29.0) < 0.001
) 7.3 (5.5, 10.1) 7.4 (5.4, 10.5) < 0.001

1.0 (0.7, 1.4) 0.9 (0.6, 1.3) < 0.001
) 7.2 (1.8, 16.4) 8.5 (2.2, 18.3) < 0.001

0.1 (0.0, 0.4) 0.1 (0.0, 0.8) < 0.001
0.0 � 0.1 0.1 � 0.3 < 0.001

itrogen, COPD: Chronic obstructive pulmonary disease, CRP: C-reactive protein,
ite blood cells.
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Fig. 2. Kaplan–Meier survival curves for overall survival in different De Ritis Ratio groups(＜1, 1–2, and �2)
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CRP, PCT, and troponins were selected and adjusted for in the multi-
variable Cox regression analysis.

The De Ritis ratio was used as a continuous and categorical variable in
a multivariable Cox regression to examine the associations between the
De Ritis ratio and mortality (Table 2). In the crude analysis, the unad-
justed HR was 1.11 (1.09–1.13). After adjusting for age and race (Model
I), the adjusted HR was 1.08 (95% CI 1.06–1.1, p < 0.001). After
adjusting for age, race, renal disease, central nervous system, oxygen
saturation, temperature, and median arterial blood pressure (Model II),
the adjusted HR was 1.06 (95% CI 1.03–1.08, p < 0.001). After con-
trolling for all of the chosen factors (Model III), the adjusted HR was 1.04
(95% CI 1.01–1.07, p ¼ 0.009).

When the De Ritis ratio was incorporated into the fully adjusted
model (Model III) as a categorized variable, the changing trend of the
practical value in different De Ritis ratio groups was non-equidistant. The
1–2 group had 1.02 times the risk of in-hospital mortality compared with
the <1 group (HR 1.02, 95% CI 0.82–1.26, p ¼ 0.868) and the �2 group
Table 2
Association between De Ritis ratio and mortality in multiple regression model.

Variable Non-adjusted Model
HR (95%CI)

p-value Model I HR (95%CI) p-

De Ritis Ratio 1.11 (1.09–1.13) <0.001 1.08 (1.06–1.1) <

Subgroups
＜1 1(Ref) 1(Ref)
1–2 1.28 (1.04–1.58) 0.019 1.1 (0.89–1.35) 0.
≥2 2.03 (1.64–2.51) <0.001 1.58 (1.28–1.96) <

Trend test 1.48 (1.35–1.63) <0.001 1.33 (1.21–1.46) <

Model I: Adjusted for age, race.
Model II: Adjusted for the variables in Model I plus renal disease, central nervous sys
Model III: Adjusted for the variables in Model II plus D-dimer, platelets, INR, BUN, c
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had 1.29 times the risk compared with the <1 group (HR 1.29, 95% CI
1.02–1.62, p ¼ 0.031). P for trend was 0.001 (Table 2).

3.5. Relationship between De Ritis ratio and mortality

The baseline De Ritis ratio and in-hospital mortality were discovered
to have a linear relationship after the adjustment for age, race, renal
disease, central nervous system, oxygen saturation, temperature, MAP, D-
dimer, platelets, BUN, creatinine, sodium, AST, ALT, CRP, PCT, and
troponins (Fig. 3).

3.6. Subgroup analysis

When analyzed by subgroups, the correlation between the De Ritis
ratio and in-hospital mortality remained consistent. However, the De
Ritis ratio-related risk of mortality varied by age, race, oxygen saturation,
INR, and PCT. Among patients aged <60 years, white race, oxygen
value Model II HR (95%CI) p-value Model III HR
(95%CI)

p-value

0.001 1.06 (1.03–1.08) <0.001 1.04 (1.01–1.07) 0.009

1(Ref) 1(Ref)
382 1.02 (0.83–1.26) 0.837 1.02 (0.82–1.26) 0.868
0.001 1.36 (1.1–1.69) 0.005 1.29 (1.02–1.62) 0.031
0.001 1.23 (1.11–1.35) <0.001 1.18 (1.07–1.31) 0.001

tem, oxygen saturation, temperature and median arterial blood pressure.
reatinine, sodium, ALT, AST, CRP, procalcitonin and troponin.



Fig. 3. Smooth curve fitting of the relationship be-
tween baseline De Ritis Ratio and mortality. The solid
line and dashed line represent the estimated values
and their corresponding 95% confidence intervals.
Only 99% of the data is displayed. The model was
adjusted for age, race, renal disease, central nervous
system, oxygen saturation, temperature, median
arterial blood pressure, D-dimer, platelets, interna-
tional normalized ratio, blood urea nitrogen, creati-
nine, sodium, alanine aminotransferase, aspartate
aminotransferase, C-reactive protein, procalcitonin,
and troponin.
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saturation �94%, INR �1.2, and PCT �0.1, a higher De Ritis ratio was
linked with a more significant elevation of mortality (p for inter-
action<0.05) (Fig. 4).

4. Discussion

4.1. De Ritis ratio as a predictor of mortality

Hepatic dysfunction has been documented in previous studies in
approximately 10%–60% of patients with COVID-19 and is considered to
be associated with higher mortality [17]. Some studies found that
non-survivors had a significantly higher incidence of any abnormal liver
biochemical indicators, but others found that AST, rather than ALT,
played the more critical function [9,16].

The De Ritis ratio has garnered considerable attention in predicting
fulminant hepatitis and underlying fibrosis in viral hepatitis [18,19].
However, there is controversy about the predictive function of the De
Ritis ratio in COVID-19, and the De Ritis ratio's ideal predictive cut-off
value remains unknown. According to Cheng Qin et al., a De Ritis ratio
of �1.38 was related to poor prediction of patients with COVID-19
regardless of AST rise [20]. In 105 patients with COVID-19, Zinellu et al.
reported that a De Ritis ratio of 1.63 was highly associated with mortality
[21]. A study from the USA reported that a De Ritis ratio >2 was seen in
34% (68/200) of patients and was associated with a need for intubation
and vasopressors [22]. A meta-analysis revealed that the De Ritis ratio
was a superior predictor for COVID-19 than ALT or AST alone [16],
although the cut-off values differed in these studies.

This study set out to assess the importance of the De Ritis ratio in
patients with COVID-19 in a large cohort. The results of this study clearly
5

show that the De Ritis ratio is an independent predictor of prognosis
among hospitalized patients with COVID-19 . Patients with a De Ritis
ratio of �2 had higher mortality, and this influence persisted after
adjusting for many covariates, in concurrence with evidence from pre-
vious observations [9]. Surprisingly, the relationship between the De
Ritis ratio and in-hospital COVID-19 mortality in the present study was
linear, which was not detected in the earlier studies.

4.2. Subgroup analysis

In subgroup analysis, we found the De Ritis ratio and mortality had a
consistent connection. However, we discovered that the De Ritis ratio
had a more significant influence on mortality among patients younger
than 60 years, those of white race, and those with oxygen saturation
�94%, INR �1.2, and PCT �0.1.

According to our findings, the De Ritis ratio and age have a consid-
erable positive association (Table 1), which is in accordance with pre-
vious studies [14,20]. Surprisingly, the predictive function of the De Ritis
ratio for mortality is more robust in patients younger than 60 years. Thus,
we should pay particular attention to high De Ritis ratios in younger
patients.

Another unanticipated finding was that white people with an elevated
De Ritis ratio seem to experience higher mortality than other races. The
reason for this finding is unclear; it is inconsistent with previous studies,
which indicated thatblackandHispanic/Latinopopulationshad thehighest
death rates [23,24]. In our study, patients of white race were older than
patients in other races (Supplemental Table A.2), which may be the reason
for their highermortality.Whether theDeRitis ratio plays a different role in
ethnically diverse populations merits further investigation.



Fig. 4. Hazard ratios (95% confidence intervals) for overall survival associated with De Ritis Ratio according to characteristics of participants. Cox proportional
hazards models were adjusted for age, race, renal disease, central nervous system, oxygen saturation, temperature, median arterial blood pressure, D-dimer, platelets,
international normalized ratio, blood urea nitrogen, creatinine, sodium, alanine aminotransferase, aspartate aminotransferase, C-reactive protein, procalcitonin, and
troponin. P for interaction was calculated using the likelihood ratio test.
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4.3. Underlying mechanisms

The exact mechanism of the predictive significance of a high De Ritis
ratio in many diseases remains unknown. ALT is a more liver-specific
measurement while AST is widely expressed in different tissues, mainly
in the liver, skeletal muscle, and cardiac muscle and is also distributed in
the kidney, pulmonary system, pancreas, and brain. As a result, ALT is a
sensitive marker for liver disease, but AST is a marker indicating more
severe illness, such as rhabdomyolysis, myocardial injury, or severe liver
damage [16].

Angiotensin-converting enzyme 2 (ACE2) has been identified as a
target of SARS-molecular CoV-2 [25]. Gene expression levels of ACE2
differ across the human body; ACE2 expression is high in the small in-
testine and terminal ileum, heart muscle, testis, kidney, and thyroid
gland but is lower in the liver and lung [26]. Meanwhile, ACE2 activity is
relatively higher in hepatic duct cells than in hepatocellular tissue [7,27].
Hence, the cytokine storm-mediated immune activation caused by the
SARS-CoV-2 virus leads to multi-organ injury, especially in skeletal
muscle and myocardium [25]. As a result, we hypothesize that the
release of AST is mainly from a non-hepatocellular source. Additionally,
the clearance of AST from the circulation by the liver sinusoids is thought
to be diminished by injury to endothelial cells, which also contain ACE2
6

[18]. Therefore, patients with the more severe disease may have a higher
AST level, but the difference is not apparent in ALT.

Our study has some limitations to note. Some potential confounders,
such as sex and underlying liver disorders, were not available in the
database. Additionally, this study does not contain information about
therapeutic interventions. Despite its limitations, this large cohort study
certainly adds to our understanding of the predictive role of the De Ritis
ratio for mortality of in-hospital patients with COVID-19, with greater
predictive power than ALT or AST alone. The De Ritis ratio is a simple,
non-invasive, and cost-effective marker for identifying patients at a
greater risk of death. We propose a new non-invasive prognostic model
incorporating the De Ritis ratio for COVID-19 rather than the De Ritis
ratio alone, especially in resource-limited areas.

5. Conclusions

The most prominent finding from this study is its demonstration of a
linear relationship between the De Ritis ratio and mortality. These find-
ings support the notion that monitoring the baseline De Ritis ratio in
hospitalized patients with COVID-19 is necessary, and that a new non-
invasive prognostic model for COVID-19 that incorporates the De Ritis
ratio is needed.
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