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MELD score as a predictor of mortality, length
of hospital stay, and disease burden
A single-center retrospective study in 39,323 inpatients
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Abstract
The laboratory-based model for end-stage liver disease (MELD) score reflects the function of the kidney, liver, and extrinsic
coagulation pathway and might be used as a general prognostic tool for the assessment of patients. We therefore aimed to
investigate a potential association of the MELD score with mortality, length of hospital stay (LOS), and disease burden in a general
patient population.
We performed a retrospective observational study at a tertiary referral center. From January 2012 through December 2013, all

consecutive inpatients aged 18 years were eligible for the study; patients with missing MELD parameters on hospital admission and/
or treatments influencing the international normalized ratio, that is, novel oral anticoagulants and vitamin K antagonists, were
excluded. The MELD score on hospital admission was calculated retrospectively. The primary outcome measure was in-hospital all-
cause mortality; secondary outcome measures were LOS and the number of comorbidities.
A total of 39,323 inpatients were included in the final analysis. On admission, MELD scores of 15 to 19, 20 to 29, and ≥30 points

(reference <15 points) showed increased hazard ratios (HRs) for in-hospital mortality in uni- and multivariable analysis with an
adjusted HR of 2.52 (95% confidence interval [CI], 1.81–3.49; P< .001), 2.70 (95% CI, 1.89–3.84; P< .001), and 8.00 (95% CI,
3.91–16.39; P< .001), respectively. Increased MELD scores of 15 to 19, 20 to 29, and ≥30 points were positively associated with
LOS and the number of comorbidities in uni- and multivariable analysis.
In our study population consisting of adult inpatients, the MELD score on hospital admission was significantly associated with

mortality, LOS, and the number of comorbidities. We suggest to prospectively validate the MELD score in inpatients as part of clinical
decision support systems.

Abbreviations: CI= confidence interval, HR= hazard ratio, ICD-10= International Classification of Diseases (10th revision), INR=
international normalized ratio, IRR = incidence rate ratio, LOS = length of hospital stay, MELD = model for end-stage liver disease.
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1. Introduction

Clinical decision support systems have been shown to improve
the quality of patient care and to reduce health care costs;
however, little is known about their overall impact on patient
outcomes.[1–3] The laboratory-based model for end-stage liver
disease (MELD) score reflects the function of the kidney, liver,
and extrinsic coagulation pathway andmight be used as a general
prognostic tool for the assessment of patients.[4,5]

The well-established MELD score depends on 3 readily
available laboratory variables, that is, serum creatinine, serum
bilirubin, and the international normalized ratio (INR).[4,6] It has
been developed and validated to predict mortality in patients with
portal hypertension undergoing placement of transjugular
intrahepatic portosystemic shunts.[7] Subsequently, the MELD
score was thoroughly validated in patients with a broad spectrum
of liver diseases showing an excellent discriminatory power for
prediction of short-term mortality.[4,6,8] Interestingly, the etiolo-
gy of liver disease was not found to be a relevant predictor of
mortality.[9]

Today, the MELD score is primarily being used to allocate
organs for liver transplantation, but recent studies have indicated
that theMELD score might be used as a general prognostic tool in
patients, independent of the presence of liver disease.[5,10,11] We
therefore aimed to investigate a potential association of the
MELD score with mortality, length of hospital stay (LOS), and
disease burden in a general patient population.
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2. Methods

2.1. Study design and setting

This was a retrospective observational study performed at the
University Hospital Basel, an 800-bed tertiary referral center in
Northwestern Switzerland with >35,000 hospitalizations per
year; treatment modalities cover all surgical and medical
disciplines including kidney and bone marrow transplantations.
The Ethics Committee of Northwestern and Central Switzerland
approved this study with a waiver of informed consent.
2.2. Patient selection

From January 1, 2012 to December 31, 2013, all consecutive
patients hospitalized ≥24hours were eligible for the study.
Patients younger than 18 years, with missing MELD parameters
on hospital admission, and/or treatments significantly influencing
the INR, that is, novel oral anticoagulants and vitamin K
antagonists, were excluded from the final analysis.
2.3. Primary and secondary outcome

The primary outcome measure was in-hospital all-cause
mortality; secondary outcome measures were LOS and the
number of comorbidities, defined as the total number of recorded
secondary diagnoses during the index hospitalization period.
2.4. Data acquisition

Relevant demographic, clinical, routine laboratory, and outcome
data were collected retrospectively. Clinical data were obtained
from an Oracle database of the in-house clinical information
system (ISMed, ProtecData AG, Boswil, Switzerland). Routine
laboratory data (i.e., the MELD parameters; serum creatinine,
serum bilirubin, and INR) were extracted from our laboratory
information system (X/Lab, Dorner Health IT Solutions,
Müllheim, Germany). Data on patient demographics, in-hospital
mortality, LOS, and International Classification of Diseases 10th
revision (ICD-10) codes including secondary diagnoses were
retrieved from our SAP data warehouse (SAP SE, Walldorf,
Germany).
For accounting and controlling purposes, ICD-10 diagnoses

were coded by professional coders according to the German
modification of ICD-10, version 2012: for each patient, one main
diagnosis and up to 28 secondary diagnoses were recorded.
2.5. MELD score

The MELD score was calculated retrospectively according to the
United Network for Organ Sharing modifications of the MELD
formula using the first available routine laboratory data set
within 48hours after hospital admission: MELD=11.2�
loge(INR)+3.78� loge(serum bilirubin [mg/dL])+9.57� loge(se-
rum creatinine [mg/dL])+6.43.[6]
Figure 1. Selection of patients for study inclusion. MELD=model for end-
stage liver disease, NOAC=novel oral anticoagulant, VKA=vitamin K
antagonist.
2.6. Statistical analysis

The primary and secondary outcome measures were stratified by
theMELD score on hospital admission using the followingMELD
categories: scores of <15, 15 to 19, 20 to 29, and ≥30 points.
The association of the specific MELD categories with in-

hospital mortality was assessed by means of a uni- and
multivariable Cox proportional-hazards regression model. The
2

model was tested for interactions in an exploratory manner and
model assumptions were controlled using residual-based meth-
ods. A uni- andmultivariable quasi-Poisson regressionmodel was
used to assess the relationship of the MELD categories with LOS
and the number of comorbidities. For the primary and secondary
outcome measures, multivariable models were adjusted for
patient age (as continuous variable), sex, and the main diagnosis
category during the hospitalization period according to ICD-10.
All statistical analyses were performed by a biostatistician (S.S.;

Clinical Trial Unit, Basel, Switzerland) using the software “R”
(version 3.2.1). A P value <.05 was considered as statistically
significant.

3. Results

3.1. Patient selection

In total, 39,323 of 76,170 consecutive patients were included in
the final analysis after excluding 36,847 patients who fulfilled at
least 1 exclusion criterion (Fig. 1).

3.2. Demographic, laboratory, and outcome
characteristics

The median age of the study population was 64.0 years (range,
18.0–107.0 years) and 46.7% (18,376/39,323) were females
(Table 1). The most frequent main diagnosis category was
“diseases of the circulatory system" in 22.6% of patients
(8,868/39,323) (see Table 1, Supplemental Content, http://links.
lww.com/MD/B741, which illustrates the ICD-10main diagnosis
categories). On hospital admission, the median MELD score was
7.5 (range, 6.4–53.1) (Table 1). Overall, the in-hospital mortality
was1.0%(375/39,323), themedianLOSwas5days (range, 1–367
days), and the median number of comorbidities was 3 (range,
0–28).

3.3. In-hospital mortality

Among the 39,323 patients, 36,488 (92.8%), 1552 (3.9%), 1214
(3.1%), and 69 (0.2%) had admission MELD scores of <15, 15
to 19, 20 to 29, and≥30 points, respectively (Table 2). Admission
MELD scores of 15 to 19, 20 to 29, and ≥30 points (reference
<15 points) showed increased hazard ratios (HRs) for in-hospital
mortality in uni- and multivariable analysis with corresponding
adjusted HRs of 2.52 (95% confidence interval [CI], 1.81–3.49;
P< .001), 2.70 (95% CI, 1.89–3.84; P< .001), and 8.00 (95%
CI, 3.91–16.39; P< .001), respectively.
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Table 1

Demographic, laboratory and outcome characteristics of the
39,323 inpatients.

Characteristics Total, n=39,323

Age, y, median (range) 64.0 (18.0–107.0)
Female sex, n (%) 18,376 (46.7)
Type of health insurance, n (%)
General 29,464 (74.9)
Semiprivate 5692 (14.5)
Private 4167 (10.6)

MELD score
On hospital admission, median (range) 7.5 (6.4–53.1)
On hospital discharge

∗
, median (range) 7.5 (6.4–53.1)

In-hospital all-cause mortality, n (%) 375 (1.0)
Length of hospital stay, days, median (range) 5 (1–367)
Number of comorbidities, median (range) 3 (0–28)

MELD=model for end-stage liver disease.
∗
Missing MELD scores on discharge in 359 of 39,323 patients.
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3.4. LOS

Overall, the LOS increased with higher admission MELD scores
(Table 3). MELD scores of 15 to 19, 20 to 29, and ≥30 points
(reference<15 points) were associatedwith increased LOS in uni-
andmultivariable analysis with corresponding adjusted incidence
rate ratios (IRRs) of 1.23 (95% CI, 1.16–1.30; P< .001), 1.50
(95% CI, 1.41–1.59; P< .001), and 1.74 (95% CI, 1.39–2.16;
P< .001), respectively. Increased admission MELD scores
primarily identified high LOS outliers, as depicted in Table 2
of the Supplemental Content, http://links.lww.com/MD/B741.
3.5. Number of comorbidities

Overall, the number of comorbidities increased with higher
admission MELD scores (Table 4). MELD scores of 15 to 19, 20
to 29, and ≥30 points (reference <15 points) were associated
Table 2

In-hospital mortality of the 39,323 inpatients stratified by the MELD s

MELD category,
scoring points

Total patients,
n (%)

In-hospital mortality
∗
,

n (%)

<15 36,488 (92.8) 286 (0.8)
15–19 1552 (3.9) 44 (2.8) 2
20–29 1214 (3.1) 37 (3.0) 2
≥30 69 (0.2) 8 (11.6) 8

CI= confidence interval, HR=hazard ratio, MELD=model for end-stage liver disease. The uni- and mu
∗
Signifies the crude in-hospital mortality. Percentages were calculated per MELD score category.

† Adjusted for patient age, sex, and main diagnosis category according to ICD-10.

Table 3

Length of hospital stay of the 39,323 inpatients stratified by the MEL

MELD category,
scoring points

LOS, days, median
(IQR)

LOS, days, mean
(SD)

<15 5 (2–9) 7.2 (9.0)
15–19 4 (2–11) 8.7 (13.6)
20–29 6 (2–13) 10.3 (12.9)
≥30 5 (2–13) 12.3 (18.5)

CI= confidence interval, IQR= interquartile range, IRR= incidence rate ratio, LOS= length of hospital stay,
was performed using a quasi-Poisson regression model.
∗
Adjusted for patient age, sex, and main diagnosis category according to ICD-10.
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with an increased number of comorbidities in uni- and
multivariable analysis with corresponding adjusted IRRs of
1.46 (95% CI, 1.40–1.51; P< .001), 1.75 (95% CI, 1.68–1.82;
P< .001), and 2.08 (95% CI, 1.78–2.43; P< .001), respectively.
4. Discussion

In our study population consisting of hospitalized patients on
medical and surgical wards, a higher MELD score on admission
was significantly associated with an increased in-hospital
mortality, LOS and number of comorbidities. The results of
our study indicate that the MELD score might be used as a
general screening tool to rapidly identify high-risk patients in
regard to mortality, LOS, and morbidity. Till now, the MELD
score has predominantly been validated in patients with liver
diseases—mainly to improve the allocation process of liver
transplants.[6] In patients suffering from liver diseases, with or
without concomitant liver cirrhosis, the MELD score has been
described as a good predictor of mortality.[4,6] However, the
MELD score has not yet been analyzed in a general inpatient
population.
The MELD score fulfills important criteria for a successful

prediction model in daily clinical routine: Its three laboratory
parameters (i.e., serum creatinine, serum bilirubin, and INR) are
commonly and often repeatedly being measured in inpatients
without depending on complex clinical variables, which are a
major barrier to the application of scoring models in daily clinical
routine. Furthermore, the well-established MELD parameters
have been demonstrated to be significantly associated with
patient outcomes in various populations such as patients with
acute heart failure and septic patients.[5,11–16]

In our study population, the admission MELD score was not
only a predictor of mortality but of LOS and the number of
comorbidities as a proxy for the overall burden of disease. In
regard to LOS, increased admission MELD scores primarily
identified high LOS outliers (see Table 2, Supplemental
Content, http://links.lww.com/MD/B741, which illustrates the
core on hospital admission; uni- and multivariable analysis.

HR
(95% CI) P

Adjusted† HR
(95% CI)

Adjusted†

P

Reference Reference
.93 (2.13–4.04) <.001 2.52 (1.81–3.49) <.001
.70 (1.91–3.81) <.001 2.70 (1.89–3.84) <.001
.46 (4.16–17.20) <.001 8.00 (3.91–16.39) <.001

ltivariable analysis was performed using a Cox proportional-hazards regression model.

D score on hospital admission; uni- and multivariable analysis.

IRR
(95% CI) P

Adjusted
∗
IRR

(95% CI)
Adjusted

∗

P

Reference Reference
1.21 (1.14–1.29) <.001 1.23 (1.16–1.30) <.001
1.43 (1.34–1.52) <.001 1.50 (1.41–1.59) <.001
1.71 (1.35–2.15) <.001 1.74 (1.39–2.16) <.001

MELD=model for end-stage liver disease, SD= standard deviation. The uni- and multivariable analysis
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Table 4

Number of comorbidities of the 39,323 inpatients stratified by the MELD score on hospital admission; uni- and multivariable analysis.

MELD category,
scoring points

Number of comorbidities,
median (IQR)

IRR
(95% CI) P

Adjusted
∗
IRR

(95% CI)
Adjusted

∗

P

<15 3 (2–6) Reference Reference
15–19 6 (4–9) 1.62 (1.56–1.68) <.001 1.46 (1.40–1.51) <.001
20–29 7 (4–11) 1.86 (1.79–1.93) <.001 1.75 (1.68–1.82) <.001
≥30 8 (6–11) 2.38 (2.04–2.77) <.001 2.08 (1.78–2.43) <.001

CI= confidence interval, IQR= interquartile range, IRR= incidence rate ratio, MELD=model for end-stage liver disease. The uni- and multivariable analysis was performed using a quasi-Poisson regression
model.
∗
Adjusted for patient age, sex, and main diagnosis category according to ICD-10.
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LOS quantiles of the study population). Till now, only few studies
analyzed the association of the MELD score with LOS. As a
surrogate marker for morbidity, Oberkofler et al[17] demonstrat-
ed that increasedMELD scores are an independent risk factor for
a longer stay on the intensive care unit after liver transplantation.
These results are in line with a recent study by Pedersen et al[18]

showing that the pretransplant MELD score is an independent
predictor of intensive care unit LOS (adjusted odds ratio, 1.28,
P< .001).
Of note, the median MELD score did not change during

hospitalization in our cohort. It seems that MELD score changes
in single patients take place over longer periods of time compared
to the LOS measured in our study. This implies that the MELD
score changes may be valuable for the interpretation of long-term
changes in the health of a patient (>5 days in median) rather than
short term.
Our study has several limitations. First, the study has been

performed at a single center and 48% of patients had to be
excluded from final analysis, which may have led to a selection
bias and might limit the generalizability of the study results.
Second, the retrospective study design allows solely to describe
statistical associations, but not causal relationships. Third, in
multivariable analysis, we adjusted for relevant patient character-
istics, but other potentially important clinical data were not
available for modeling (e.g., treatment data, presence of liver
cirrhosis/chronic kidney disease). Fourth, there are studies
demonstrating an interlaboratory variability in all 3 components
of the MELD score with a mean interlaboratory difference of
about 5 MELD points,[19–22] which might further reduce the
generalizability of the study results.
In conclusion, in our study population consisting of adult

inpatients, the MELD score on hospital admission was
significantly associated with mortality, LOS, and the number
of comorbidities. We suggest to prospectively validate the MELD
score in inpatients as part of clinical decision support systems.
Acknowledgments

The authors are grateful to Prof. J.A. Schifferli, University
Hospital Basel, Switzerland, for his kind support. The authors
thank Dr. R. Padiyath and T. Gaida, both from the University
Hospital Basel, Switzerland, for their support with the
administrative patient data.
References

[1] Hunt DL, Haynes R, Hanna SE, et al. Effects of computer-based clinical
decision support systems on physician performance and patient
outcomes: a systematic review. JAMA 1998;280:1339–46.

[2] Beeler PE, Bates DW, Hug BL. Clinical decision support systems. Swiss
Med Wkly 2014;144:w14073.
4

support systems linked to electronic health records: a systematic review
and meta-analysis. Am J Public Health 2014;104:e12–22.

[4] Kamath PS,Wiesner RH,MalinchocM, et al. Amodel to predict survival
in patients with end-stage liver disease. Hepatology 2001;33:464–70.

[5] Biegus J, Zymlinski R, Sokolski M, et al. Impaired hepato-renal function
defined by the MELD XI score as prognosticator in acute heart failure.
Eur J Heart Fail 2016;18:1518–21.

[6] Wiesner R, Edwards E, Freeman R, et al. Model for end-stage liver
disease (MELD) and allocation of donor livers. Gastroenterology
2003;124:91–6.

[7] Malinchoc M, Kamath PS, Gordon FD, et al. A model to predict poor
survival in patients undergoing transjugular intrahepatic portosystemic
shunts. Hepatology 2000;31:864–71.

[8] Stepanova M, Wai H, Saab S, et al. The portrait of an adult liver
transplant recipient in the United States from 1987 to 2013. JAMA Intern
Med 2014;174:1407–9.

[9] Said A,Williams J, Holden J, et al. Model for end stage liver disease score
predicts mortality across a broad spectrum of liver disease. J Hepatol
2004;40:897–903.

[10] Sern Lim H. Baseline MELD-XI score and outcome from veno-arterial
extracorporeal membrane oxygenation support for acute decompensated
heart failure. Eur Heart J Acute Cardiovasc Care 2016;5:82–8.

[11] Kim MS, Kato TS, Farr M, et al. Hepatic dysfunction in ambulatory
patients with heart failure: application of the MELD scoring system for
outcome prediction. J Am Coll Cardiol 2013;61:2253–61.

[12] Patel JJ, TanejaA,NiccumD, et al.The associationof serumbilirubin levels
on the outcomes of severe sepsis. J Intensive Care Med 2015;30:23–9.

[13] Chertow GM, Burdick E, Honour M, et al. Acute kidney injury,
mortality, length of stay, and costs in hospitalized patients. J Am Soc
Nephrol 2005;16:3365–70.

[14] Coca SG, Yusuf B, Shlipak MG, et al. Long-term risk of mortality and
other adverse outcomes after acute kidney injury: a systematic review and
meta-analysis. Am J Kidney Dis 2009;53:961–73.

[15] Fischer CM, Yano K, Aird WC, et al. Abnormal coagulation tests
obtained in the emergency department are associated with mortality in
patients with suspected infection. J Emerg Med 2012;42:127–32.

[16] Sivayoham N, Rhodes A, Cecconi M. The MISSED score, a new scoring
system to predict Mortality In Severe Sepsis in the Emergency
Department: a derivation and validation study. Eur J Emerg Med
2014;21:30–6.

[17] Oberkofler CE, Dutkowski P, Stocker R, et al. Model of end stage liver
disease (MELD) score greater than 23 predicts length of stay in the ICU
but not mortality in liver transplant recipients. Crit Care 2010;14:R117.

[18] Pedersen MR, Choi M, Brink JA, et al. Pretransplant factors and
associations with postoperative respiratory failure, ICU length of stay,
and short-term survival after liver transplantation in a high MELD
population. J Transplant 2016;2016:6787854.

[19] Porte RJ, Lisman T, Tripodi A, et al. Coagulation in Liver Disease Study
GroupThe international normalized ratio (INR) in the MELD score:
problems and solutions. Am J Transplant 2010;10:1349–53.

[20] Trotter JF, Brimhall B, Arjal R, et al. Specific laboratory methodologies
achieve higher model for endstage liver disease (MELD) scores for
patients listed for liver transplantation. Liver Transpl 2004;10:
995–1000.

[21] Cholongitas E, Marelli L, Kerry A, et al. Different methods of creatinine
measurement significantly affect MELD scores. Liver Transpl 2007;13:
523–9.

[22] Kovacs MJ, Wong A, MacKinnon K, et al. Assessment of the validity of
the INR system for patients with liver impairment. Thromb Haemost
1994;71:727–30.


	MELD score as a predictor of mortality, length of hospital stay, and disease burden
	1 Introduction
	2 Methods
	2.1 Study design and setting
	2.2 Patient selection
	2.3 Primary and secondary outcome
	2.4 Data acquisition
	2.5 MELD score
	2.6 Statistical analysis

	3 Results
	3.1 Patient selection
	3.2 Demographic, laboratory, and outcome characteristics
	3.3 In-hospital mortality
	3.4 LOS
	3.5 Number of comorbidities

	4 Discussion
	Acknowledgments
	References


