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Abstract

Background: Prevention of death in patients on the waiting list for liver transplantation (LT) is a major concern to prioritize organ
allocation. Since the model for the end-stage liver disease (MELD) and its modifications have many shortages, there is a need for
further refinement of the allocation strategy.
Objectives: The current study aimed at assessing the predictors of mortality in LT candidates in a more comprehensive manner
with the possible implications to improve the care of such patients and assist in developing better strategies for organ allocation.
Methods: In the current cohort study, 544 adult LT candidates with end-stage liver disease were followed up for a mean of 12 months
in three-month intervals. Data analysis was performed in Nutritionist, SPSS, and R software, using Kaplan-Meier, Cox proportional
hazard (HRC), and LASSO Cox regression hazard (HRL) tests.
Results: The mean age of the patients was 46.7 ± 13.7 years; the majority were male (n = 336, 61.7%). At the end of the study, 414
(76.1%) subjects were still alive and 130 (23.9%) dead. The cumulative percentages of death were 33.1%, 57.7%, and 79.2% after 3, 6, and 12
months of waiting for a donor, respectively. Although there was a strong association between having hepatopulmonary syndrome
(HPS) (HRC = 4.7, HRL = 1.8), a history of myocardial infarction (MI) (HRC = 3.3, HRL = 1.6), low-carbohydrate (CHO) diet (HRC = 2.7, HRL
= 1.5), and mortality, it was weak for MELD score. Moreover, a serum level of CA 125, high polymorphonuclear (PMN) count, weight
loss, a high level of alanine aminotransferase (ALT), positive hepatitis B virus (HBV) markers, high mean corpuscular volume (MCV)
of red blood cells, ascites, and edema of gallbladder wall had association with mortality in LT patients.
Conclusions: In addition to MELD score, HPS, a history of MI, low CHO intake, weight loss, ascites, PMN, CA 125, ALT, hepatitis B
surface antigen, MCV, blood urea nitrogen, and gallbladder wall thickness are predictors of mortality in LT candidates and need to
be considered in the LT allocation system.
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1. Background

Disability-adjusted life years (DALYs) and deaths caused
by cirrhosis and chronic liver diseases increased world-
wide by 37.9% and 46% from 1990 to 2016, respectively (1,
2). As a result, demand increases for liver transplantation
(LT), the most effective treatment for end-stage liver dis-
ease (ESLD) (3, 4). Moreover, the demand-supply imbal-
ance caused a long waiting list (WL) in many centers (5, 6),
resulting in the death of a significant proportion of such

patients before having a chance to receive transplants (5).
The Child-Turcotte-Pugh (CTP) and the model for end-stage
liver disease (MELD) were introduced to predict the out-
come in patients on WL of LT (7, 8); however, several studies
revealed that these scores alone are insufficient, and there
is a great need to consider other predictive factors of mor-
tality in them (7, 9).
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2. Objectives

The current study aimed at assessing the predictors of
mortality in LT candidates in a more comprehensive man-
ner with possible implications to improve the care of such
patients and assist in developing better strategies for or-
gan allocation.

3. Methods

3.1. Design and Sampling

The current prospective cohort study, after excluding
patients not providing consent to participate in the re-
search, was conducted on 544 adult patients with ESLD,
aged ≥ 18 years. The subjects had been referred to the
Shiraz Organ Transplant Center from different regions
of Iran. They were registered as candidates for LT by a
multidisciplinary team consisted of transplantation sur-
geons, hepatologists, pathologists, radiologists, and nutri-
tionists. All subjects provided written informed consent
after enrollment, while voluntary participation was re-
spected in all stages of the study. The participants’ privacy
was assured, including interview and gathering, record-
ing, analysis, and reporting of data. The current study
protocol was approved by the Ethics Committee of Shi-
raz University of Medical Sciences (SUMS) (ethical code:
IR.SUMS.REC.1396.S1000).

3.2. Data Collection

For data gathering, a trained team, including a gen-
eral practitioner (GP), a nutritionist, and two public health
graduates, were recruited. The first assessment of pa-
tients was performed at Shiraz Organ Transplantation Cen-
ter in patients presence, but the next follow-ups were car-
ried out based on medical records through phone calls
with patients or their first-degree relatives (in cases of
dead patients). A comprehensive checklist, consisting of
baseline demographic and socio-economic characteristics,
patient health self-assessment, a history of cigarette or
hookah smoking, alcohol drinking, drug use, diabetes mel-
litus (DM), hypertension (HTN), hyperlipidemia, asthma,
gastrointestinal (GI) diseases, kidney diseases, and can-
cer, was completed for each subject. The data were taken
from patients in the first visit based on self-report. Base-
line findings from physical examination (PE), laboratory
test results, ultrasound report of the hepatobiliary system,
and cause of death (in dead cases) were extracted from
the medical records of patients and transferred into the
checklist by the GP. Causes of ESLD, such as hepatitis B

virus (HBV) or hepatitis C virus (HCV) infection, primary
sclerosing cholangitis (PSC), autoimmune hepatitis (AIH),
non-alcoholic fatty liver disease (NAFLD), non-alcoholic
steatohepatitis (NASH), primary biliary cirrhosis (PBC),
hepatocellular carcinoma (HCC), alcoholic cirrhosis, drug-
induced cirrhosis, cystic fibrosis (CF), and hemochromato-
sis, were also queried and extracted from patients’ medical
records by the GP. The complications of ESLD, such as portal
hypertensive gastropathy, spontaneous bacterial peritoni-
tis (SBP), hepatorenal syndrome, hepatopulmonary syn-
drome (HPS), GI bleeding, and lethargy, were extracted
from medical records and entered into the checklist by the
GP. The nutritional status of each patient was also assessed
by a clinical nutritionist through an interview-based 24-
hour dietary recall. In addition, the fibrosis-4 (FIB-4) index
was calculated as an accurate marker of liver fibrosis (10).

3.3. Data Analysis

Gathered data of nutrition were transferred into the
nutritionist software and then analyzed by a nutritionist.
Quality assurance of data entry was accomplished through
double-checking. For survival analysis, the final event was
defined as death and censored cases, included patients
staying alive till the end of the study. For patients who re-
ceived transplants, the duration of waiting on the LT list
was considered. To assess the univariable effect of each
variable on the survival of patients, the Cox proportional
hazard (CPH), and for multiple variable analysis of survival,
two different variable selection techniques were used. In
the first modeling approach, all variables with a P-value
of < 0.2 in univariable analysis were included in the CPH
model, and a forward conditional method of variable selec-
tion, with an alpha-to-enter of 0.10, was used. As the second
approach, all variables were transferred into the least abso-
lute shrinkage and selection operator (LASSO) Cox regres-
sion (LCR) model. The LCR model, one of the modern vari-
able selection techniques, performs simultaneous estima-
tion and variable selection. It is applicable even when the
number of variables is more than that of the sample size
and very appropriate in high dimensional settings, while it
provides more accurate estimates than CPH (11, 12). Descrip-
tive statistics and CPH were performed in the IBM SPSS ver-
sion 20, and LCR modeling was implemented in Package
glmnet, using R 3.3.1 software. In the current study, no uni-
variable analysis of three components of the MELD score
was performed (creatinine, INR, and total bilirubin) since
the MELD score was included as the representative of the
three variables in the analysis.
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4. Results

The mean age of patients was 46.7 ± 13.7 years, and the
male (n = 336) to female (n = 208) ratio was 1.6. Patient
follow-up duration was 5948.5 (person-month (the mean
follow-up duration was 11.9 ± 10.9 and 7.8 ± 8.3 months
for alive and dead patients, respectively). Table 1 shows the
socio-economic and demographic characteristics of the
patients. Out of 544 patients, 93 (17.1%) smoked cigarettes,
and 22 (4%) hookah, 28 (5.1%) abused opioids, and 47 (8.6%)
consumed alcohol. According to the patient self-reports,
93 (17.1%) had DM, 30 (5.5%) were known cases of HTN, 35
(6.4%) had hyperlipidemia, 51 (9.4%) asthma, 137 (25.2%) a
kind of GI disease, 70 (12.9%) a kind of kidney disease, and
10 (1.8%) cancers, such as HCC.

As already defined in the causes of ESLD in the medical
records, 89 (16.3%) and 43 (7.9%) patients were the known
cases of HBV and HCV, respectively. Also, PSC (n = 59; 10.8%),
AIH (n = 44; 8%), NAFLD or NASH (n = 14; 2.5%), PBC (n = 12;
2.2%), HCC (n = 11; 2%), and alcoholic cirrhosis (n = 7; 1.2%)
were among other causes. Moreover, 163 (29.9%) patients
were defined as drug-induced cirrhosis, CF, or hemochro-
matosis. Lethargy (n = 222; 40.8%), edema (n = 151; 27.7%),
and weight loss (n = 100; 18.3%) were the most prevalent
symptoms in the patients. Table 2 shows the statistically
significant determinants of mortality in patients on the
WL for liver transplantation; variables without a signifi-
cant correlation are not shown in Table 2, as well as in Ta-
bles 3 and 4, and Figure 1. The baseline MELD scores for
alive and dead patients were 14.9 ± 5.7 and 18.9 ± 6.8, re-
spectively (P < 0.001). The nutritional analysis revealed
that 60.3% (60.3 ± 11.2%), 22.1% (22.1 ± 9.4%), and 17.3% (17.3
± 5.4%) of the patient daily diet included carbohydrates
(CHO), fat, and protein, respectively. The nutritional uni-
variable analysis is shown in Table 3. At the end of the cur-
rent study, 414 (76.1%) patients were alive and 130 (23.9%)
dead. HPS (CPH = 4.7, LCR = 1.8), history of myocardial in-
farction (MI) (CPH = 3.3, LCR = 1.6), and low CHO diet (CPH =
2.7, LCR=1.5) had strong associations with patient mortality
(Table 4). In addition, the one-, two-, and three-year survival
rates of the patients were 74.9%, 63.8%, and 53.9%, respec-
tively (Figure 2). It was also found that 33.1%, 57.7%, and 79.2%
of total deaths occurred in the first 3, 6, and 12 months of
entering the WL for LT, respectively. Three-month mortal-
ity of patients on WL was mainly associated with high PMN
count (HR = 3.3), high MCV (HR = 3.1), and high MCH (HR =
2.8), while main determinants of six-month mortality were
CA125 (HR = 2.5), HBsAg positivity (HR = 2.4), and high MCV
(HR = 2.4) (Figure 1). In the first 12 months of follow-up,
mortality was more affected by high PMN count (HR = 3.1),

history of MI (HR = 3.0), and CA125 (HR = 2.8).

5. Discussion

The current study revealed that about one-fourth of the
patients on the WL for LT died, while the median time of
their survival was five months after enrolling in the WL.
It was observed that HPS, history of MI, low-carbohydrate
diet, and to a lesser degree, high PMN count, positive
serum CA125, weight loss, high level of ALT, positive HBV
markers, high MCV of RBCs, ascites, edema of the gallblad-
der wall, and high level of BUN were the significant deter-
minants of death in LT candidates. These findings could
have implications in promoting the care of such patients
and revision of allocation strategies in LT.

Chronic liver disease (CLD) and cirrhosis are now silent
epidemics, especially in industrial countries, while its
prevalence doubled over the past three decades (13). Glob-
ally, about 39 million DALYs were related to cirrhosis and
CLD in 2016, showing a 37.9% growth in comparison to 1990
(1). Studies found that without appropriate management,
nearly all chronic hepatitis types finally progress into ESLD,
with possible grave complications, including liver failure,
HCC, and death (14). LT is the most effective treatment for
ESLD (3, 4). Iran is the 8th country with the highest number
of LT in the world, while most cases in this country are ac-
complished in the Shiraz Organ Transplantation Center(15)
. The first orthotropic LT in Shiraz Organ Transplantation
Center was performed on 04 May 1993, and a total of 4241
LT were performed in this center till 13 December 2016 (16).
However, its demand increased and remained largely more
than supply resulting in a long WL. It may increase the
mortality of patients on the WL before transplantation (17).
Some evidence demonstrated that WL for LT alone did not
have any association with Outcome (LT waiting list mortal-
ity) (18); therefore, there is a need for more appropriate al-
location systems compared to consideration of only wait-
ing time (19). Based on these considerations, MELD scoring
was introduced as the main prioritizing instrument for LT
in the United States in 2002 and later in other countries,
including Iran (20). Many studies thus far evaluated the ef-
ficacy of priority systems, such as MELD and Child-Turcotte-
Pugh (CTP). Despite the preference in the allocation sys-
tem, there is no association between baseline MELD and
CTP scores with the mortality rate of patients on WL (9),
but others proposed the opposite (21, 22). Few studies de-
termined CTP as a better prioritization system (7); however,
others showed the MELD score as a better classifier of out-
come in such patients (21, 23). A study also showed that the
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Table 1. Demographic and Socio-economic Characteristics of Patients on Waiting List for Liver Transplantation at Shiraz University of Medical Sciences, Shiraz, Irana

Characteristic Characteristic

Age (y) Being the head of family

Mean ± SD 46.7 ± 13.7 Yes 304 (55.8)

Median 48 No 240 (44.1)

Min-max 18-91 Occupational status

Gender Unemployed 302 (55.5)

Male 336 (61.7) Employed 161 (29.5)

Female 208 (38.2) Retired 81 (14.8)

Marital status Supplementary insurance

Married 446 (81.9) Yes 238 (43.7)

Single 81 (14.8) No 306 (56.2)

Divorced/widowed 17 (3.1) Working hours per day

Education (y) ≤ 8 527 (96.8)

< 6 y 269 (49.4) > 8 17 (3.1)

6 - 12 yr 170 (31.2) Self-health assessment

> 12 yr 105 (19.3) Very bad to bad 141 (25.9)

Family dimension Moderate to very good 403 (74.0)

Mean ± SD 4.0 ± 1.6

Median 4.0

Min-max 1 - 12

aValues are expressed as No. (%) unless otherwise indicated.
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Figure 1. Determinants of Survival in the First 3, 6, and 12 Months of Follow-up (from left to right) in Patients on Liver Transplantation Waiting List at Shiraz University of
Medical Sciences, Iran (HR: hazard ratio; HBsAg: hepatitis B surface antigen; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; PMN: polymorphonuclear
leukocytes; CHO: carbohydrate; MELD: model for end-stage liver disease; RDW: red cell distribution width; SBP: spontaneous bacterial peritonitis; CA 125: cancer antigen 125;
MI: myocardial infarction; ALT: alanine aminotransferase; BMI: body mass index).

MELD score predicted mortality independent of liver dis-
ease etiology and complications (24). Finally, some stud-
ies indicated that both systems have equal predictive value
for decompensated cirrhosis in daily clinical practice (25).
Therefore, the MELD and CTP scoring systems, the two most

universally applicable ones, are used in urgency-based al-
locations. However, there are reports on shortages of both
systems and the need to consider other factors to achieve
optimal prioritization (19). Different variations of MELD
scores, including MESO index, MELD-Na, UKELD, iMELD, re-

4 Shiraz E-Med J. 2021; 22(10):e110254.
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Table 3. Univariate Analysis of Nutritional Determinants of Mortality in Patients on Waiting List for Liver Transplantation at Shiraz University of Medical Sciences, Iran (Survived
= 414, Dead = 130)

Determinant Gram Surviveda Deada HR CI 95% P-Value

CHO (% of daily nutritional intake)

< 25 < 139.9 75 (18.1) 37 (28.4) Baseline

25 - 75 139.9 - 269.9 177 (42.7) 52 (40) 0.51 0.33 - 0.78 0.002

< 75 > 269.9 103 (24.8) 12 (9.2) 0.27 0.14 - 0.52 < 0.001

Fat (% of daily nutritional intake)

< 25 < 20 75 (18.1) 38 (29.2) Baseline

25 - 75 20 - 43.1 190 (45.8) 39 (30) 0.46 0.29 - 0.73 0.001

< 75 > 43.1 90 (21.7) 24 (18.4) 0.56 0.33 - 0.93 0.02

Protein (% of daily nutritional intake)

< 25 < 39.2 87 (21) 26 (20) Baseline

25 - 75 39.2-72.5 168 (40.5) 60 (46.1) 1.0 0.6 - 1.7 0.7

< 75 > 72.5 100 (24.1) 15 (11.5) 0.5 0.2 - 0.9 0.04

Energy, kcal (% of daily need)

< 25 < 9454 76 (18.3) 37 (28.4) Baseline

25 - 75 945 - 1737 181 (43.7) 46 (35.3) 0.4 0.3 - 0.7 0.001

< 75 > 1737 98 (23.6) 18 (13.8) 0.4 0.2 - 0.7 0.002

Abbreviations: HR, hazard ratio; CI, confidence interval; CHO, carbohydrate; kcal, kilocalorie
aValues are expressed as No. (%).
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Figure 2. Cumulative Survival of Patients on Liver Transplantation Waiting List at Shiraz University of Medical Sciences, Iran.

fit MELD, refit MELD-Na, upMELD (26), and delta MELD (27),
were proposed with different quality results of their pre-
diction of mortality in the liver transplant candidates or
post-transplant survival. However, some of these scores
lack statistical validity and model evaluation. The intro-
duction of artificial neural network (ANN) in this setting
is promising; there are reports on higher accuracy of ANN

than the MELD score in the prediction of three-month sur-
vival of patients listed for LT (28). The current study find-
ings showed that the MELD score was among the top cor-
relates of mortality in LT candidates. HPS, a MELD excep-
tion in another report (29), was the strongest predictor
of death. Other factors that had significant associations
with mortality in pre-liver transplant patients in the cur-
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Table 4. Multivariable Analysis of Determinants of Mortality Based on Cox Proportional Hazard and LASSO Cox Regression Models in Patients on Waiting List for Liver Trans-
plantation at Shiraz University of Medical Sciences, Iran

Variable
Cox Regression Lasso Regressiona

HR SE HR SE

Hepatopulmonary
syndrome

4.78 0.66 1.86 0.84

Myocardial infarction 3.30 0.48 1.67 0.73

Low CHO intake 2.78 0.32 1.53 0.29

PMN 2.47 0.36 1.24 0.45

Ca 125 2.36 0.30 1.57 0.29

Weight loss 2.09 0.21 1.38 0.24

ALT 2.02 0.18 1.44 0.23

Hbs Ag 1.91 0.22 1.26 0.25

MCV 1.88 0.21 1.29 0.24

Ascities 1.56 0.20 1.15 0.16

Gallbladder wall edema
(detected by ultrasound)

1.55 0.22 1.19 0.22

Bun 1.42 0.21 1.28 0.20

Meld 1.1 0.01 1.07 0.01

Abbreviation: Lasso, least absolute shrinkage and selection operator; HR, hazard ratio; SE, standard error; CHO, carbohydrate; PMN, polymorphonuclear leukocytes; CA
125, cancer antigen 125; ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; MCV, mean corpuscular volume; BUN, blood urea nitrogen; MELD, model for
end-stage liver disease.
a Factors significant only in Lasso regression : HBeAg (HR = 1.47,SE = 0.36), SBP (HR = 1.2, SE = 0.24), RBC count (HR = 1.19, SE = 0.25), lethargy (HR = 1.18, SE = 0.17), calcium
(HR = 1.14, SE = 0.18), MCH (HR = 1.12, SE = 0.15), self-health assessment (HR = 1.11, SE = 0.16), small liver size by ultrasound (HR = 1.09, SE = 0.2), albumin (HR = 1.06, SE = 0.14),
WBC count (HR = 1.05, SE = 0.22), platelet count (HR = 0.99, SE = 0.16)

rent study were a history of MI and high PMN count. Al-
though studies assessed the impact of pre-transplant heart
disease (30) or WBC count (31) on the post-transplant out-
come, such an assessment of pre-transplant outcomes was
unavailable. In the current study, CA 125 was found as a
predictor of mortality in LT candidates. Other studies sim-
ilarly revealed its association with the severity of cirrhosis,
liver decompensation (32), or liver damage, and poor prog-
nosis in patients with the primary Budd-Chiari syndrome
(33). It was observed that high MCV of RBCs was a predictor
of mortality in LT candidates. Macrocytic anemia was asso-
ciated with the severity of liver impairment and might be
a predictor of short-term mortality in patients with HBV-
related decompensated cirrhosis (34).

There were no other studies on the associations of
higher ALT levels with the mortality of patients on the WL
for LT. Therefore, the current study findings are probably
the first reports on such an association.

Despite the importance of nutritional status to the
outcome of major operations, including LT, there are few
reports on its use to predict pre-transplantation mortal-
ity (9). A low-calorie diet in patients with advanced liver
disease had a prognostic value, and was associated with

higher mortality (35). Previous studies reported that un-
intentional weight loss due to malnutrition in patients on
the WL for LT puts them at the risk of death (9). A study
indicated that both underweight (body mass index (BMI)
< 18 kg/m2) and obesity were associated with a greater
risk of death in LT candidates (36). Another study found
that inadequate dietary protein intake was associated with
mortality in such patients (9). In the current study, both
CPH and LCR models showed that low-carbohydrate diet
was associated with the higher mortality rate in the pre-
transplantation period. Therefore, it seems necessary to
pay continuous attention to the nutritional status of LT
candidates to reduce their mortality rate while waiting for
LT (37). Totally 11.5 million DALYs and 100,000 death due to
HBV infection were reported in 2016 worldwide (1, 2). Viral
hepatitis is one of the main indications for LT and a cause
of post-transplant poor outcome unless managed appro-
priately before LT (38). In the current study, both HBsAg
and HBeAg had significant associations with the mortality
of patients on the WL for LT. However, the effect of these
markers on LT candidates’ outcomes was not assessed by
other studies. Many studies reported ascites as a cause of
early death, even in patients with low MELD scores (39). The

6 Shiraz E-Med J. 2021; 22(10):e110254.
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current study similarly concluded that ascites had a sig-
nificant association with outcomes in LT candidates. The
study also showed that high BUN and lethargy had signif-
icant correlations with the mortality of LT candidates, but
no study assessed such variables. It was revealed that ede-
matous thickening of the gallbladder wall was correlated
with patient mortality. Another study reported associa-
tions between ascites, decreased systemic vascular resis-
tance, and portal hypertension with gallbladder wall thick-
ening in patients with cirrhosis (40). Patient self-health as-
sessment was also among subjective variables that its as-
sociation with outcome in LT candidates was assessed for
the first time and could predict the mortality; however, it
should be further validated by future studies.

It was also found that high PMN number, high MCV
of RBCs, HBsAg positivity, low-carbohydrate diet, and High
MELD score were associated with mortality of patients in
the first 3, 6, and 12 months of waiting for LT. Another study
showed that iMELD was a more accurate prognostic factor
than MELD score during the first 90 days of waiting for LT
(26). In the current study, CPH and LCR did not show any
significant association between the serum level of sodium
and patients mortality.

The main limitation of the current study was the lack
of access to medical records of patients who did not partic-
ipate in the study or lost to follow-up due to wrong phone
numbers, not-answering the three phone calls in follow-
ups, and cancelation of request for LT. It should be empha-
sized that the current study was a preliminary report of an
ongoing larger-scale cohort study that its findings may re-
veal more conclusive results.

A multi-central, larger-scale cohort study is highly rec-
ommended to find the effect of these factors on WL mor-
tality rate and post-transplantation survival and complica-
tions. To achieve more accurate results, comparative stud-
ies with both linear and non-linear models to predict such
patients’ outcomes are required.

A significant proportion of patients died while wait-
ing for LT. To avoid or reduce this mortality, the allocation
strategies should also include other factors, besides MELD,
such as HPS, history of MI, low CHO intake, weight loss, as-
cites, and paraclinical markers, such as PMN, CA 125, ALT,
HBsAg, MCV, BUN, and gallbladder wall thickness.
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Table 2. Univariate Analysis of Determinants of Mortality in Patients on Waiting List for Liver Transplantation at Shiraz University of Medical Sciences, Iran

Determinant Survived (N = 414) Dead (N = 130) HR CI 95% P-Value

Marital status

Single 70 (16.9) 11 (8.4) Baseline

Married 331 (79.9) 115 (88.4) 1.94 1.04 - 3.60 0.04

Divorced/widowed 13 (3.1) 5 (3.8) 2.26 0.72 - 7.09 0.16

Self-health assessment

Very bad to bad 87 (21.0) 54 (41.5) Baseline

Moderate to very good 327 (78.9) 76 (58.4) 0.54 0.38 - 0.76 0.001

Portal hypertensive gastropathy

No 309 (74.6) 83 (63.8) Baseline

Yes 105 (25.3) 47 (36.1) 1.62 1.13 - 2.32 0.008

Ascities

No 224 (54.1) 44 (33.8) Baseline

Yes 190 (45.8) 86 (66.1) 2.05 1.43 - 2.95 < 0.001

Spontaneous bacterial peritonitis

No 393 (94.9) 108 (83.0) Baseline

Yes 21 (5.0) 22 (16.9) 2.29 1.44 - 3.62

Hepatorenal syndrome

No 413 (99.7) 127 (97.6) Baseline

Yes 1 (0.2) 3 (2.3) 4.21 1.33 - 13.27 0.014

Hepatopulmonary syndrome

No 413 (99.7) 127 (97.7) Baseline

Yes 1 (0.2) 3 (2.3) 6.74 2.13 - 21.33 0.001

Myocardial infarction

No 414 (100) 125 (96.1) Baseline

Yes 0 (0) 5 (3.8) 4.41 1.80 - 10.80 0.001

Weight loss

No 350 (84.5) 94 (72.3) Baseline

Yes 64 (15.4) 36 (27.6) 1.64 1.11 - 2.40 0.01

Edema

No 316 (76.3) 77 (59.2) Baseline

Yes 98 (23.6) 53 (40.7) 1.57 1.11 - 2.40 0.01

Upper GI bleeding

No 402 (97.1) 120 (92.3) Baseline

Yes 12 (2.8) 10 (7.6) 1.77 0.93 - 3.38 0.08

Lethargy

No 263 (63.5) 59 (45.3) Baseline

Yes 151 (36.4) 71 (54.6) 1.83 1.30 - 2.59 0.001
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Hbs Ag

Negative 358 (86.4) 102 (78.4) Baseline

Positive 56 (13.5) 28 (21.5) 1.70 1.11 - 2.58 0.01

Hbe Ag

Negative 405 (97.8) 121 (93.0) Baseline

Positive 9 (2.1) 9 (6.9) 2.61 1.32 - 5.14 0.006

Blood lymphocyte (% of WBC)

≥ 24 282 (68.1) 73 (56.1) Baseline

< 24 132 (31.8) 57 (43.8) 1.60 1.13 - 2.26 0.01

Platelet count (x109 /L)

≥ 150,000 119 (28.7) 18 (13.8) Baseline

< 150,000 295 (71.2) 112 (86.1) 2.04 1.24 - 3.35 0.005

CA 125 (U/mL)

≤ 35 130 (31.4) 16 (12.3) Baseline

> 35 284 (68.5) 114 (87.6) 3.24 1.92-5.47 < 0.001

Gallbladder wall edema (detected by sonography)

No 138 (33.3) 27 (20.7) Baseline

Yes 276 (66.6) 103 (79.2) 1.62 1.06 - 2.48 0.03

Blood WBC count (x106 /L)

≤ 10000 373 (90.0) 110 (84.6) Baseline

> 10000 41 (9.9) 20 (15.3) 1.95 1.21 - 3.15 0.006

Blood PMN (% of WBC)

≤ 80 399 (96.3) 120 (92.3) Baseline

> 80 15 (3.6) 10 (7.6) 2.45 1.28 - 4.67 0.01

Blood RBC7 count (x1012 /L)

4.6 ≤ 101 (24.3) 16 (12.3) Baseline

< 4.6 313 (75.6) 114 (87.6) 2.55 1.51-4.31 < 0.001

MCV of RBC (fL)

≤ 100 354 (85.5) 94 (72.3) Baseline

> 100 60 (14.4) 36 (27.6) 2.22 1.51-3.26 < 0.001

MCH9 of RBC (picograms per RBC)

≤ 31 242 (58.4) 51 (39.2) Baseline

> 31 172 (41.5) 79 (60.7) 2.15 1.51 - 3.06 < 0.001

RDW of RBC (%)

≤ 14.5% 134 (32.3) 31 (23.8) Baseline

> 14.5% 280 (67.6) 99 (76.1) 1.52 1.02 - 2.28 0.04

Cholesterol (mg/dL)

< 200 365 (88.1) 124 (95.3) Baseline

≥ 200 49 (11.8) 6 (4.6) 0.40 0.18 - 0.86 0.03

ALT (u/L)

< 53 274 (66.1) 63 (48.4) Baseline
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≥ 53 140 (33.8) 67 (51.5) 2.00 1.42 - 2.82 < 0.001

AST (u/L)

≤ 40 114 (27.5) 24 (18.4) Baseline

> 40 300 (72.4) 106 (81.5) 1.79 1.15 - 2.79 0.01

Alb (g/dL)

≥3.2 278 (67.1) 68 (52.3) Baseline

<3.2 136 (32.8) 62 (47.6) 2.25 1.59 - 3.19 < 0.001

Hepatorenal syndrome

No 413 (99.7) 127 (97.6) Baseline

Yes 1 (0.2) 3 (2.3) 4.21 1.33 - 13.27 0.014

Hepatopulmonary syndrome

No 413 (99.7) 127 (97.7) Baseline

Yes 1 (0.2) 3 (2.3) 6.74 2.13 - 21.33 0.001

Myocardial infarction

No 414 (100) 125 (96.1) Baseline

Yes 0 (0) 5 (3.8) 4.41 1.80 - 10.80 0.001

Weight loss

No 350 (84.5) 94 (72.3) Baseline

Yes 64 (15.4) 36 (27.6) 1.64 1.11 - 2.40 0.01

Edema

No 316 (76.3) 77 (59.2) Baseline

Yes 98 (23.6) 53 (40.7) 1.57 1.11 - 2.40 0.01

Upper GI bleeding

No 402 (97.1) 120 (92.3) Baseline

Yes 12 (2.8) 10 (7.6) 1.77 0.93 - 3.38 0.08

Lethargy

No 263 (63.5) 59 (45.3) Baseline

Yes 151 (36.4) 71 (54.6) 1.83 1.30 - 2.59 0.001

Hbs Ag

Negative 358 (86.4) 102 (78.4) Baseline

Positive 56 (13.5) 28 (21.5) 1.70 1.11 - 2.58 0.01

Hbe Ag

Negative 405 (97.8) 121 (93.0) Baseline

Positive 9 (2.1) 9 (6.9) 2.61 1.32 - 5.14 0.006

Blood lymphocyte (% of WBC)

≥ 24 282 (68.1) 73 (56.1) Baseline

< 24 132 (31.8) 57 (43.8) 1.60 1.13 - 2.26 0.01

Platelet count (x109 /L)

≥ 150,000 119 (28.7) 18 (13.8) Baseline

< 150,000 295 (71.2) 112 (86.1) 2.04 1.24 - 3.35 0.005

CA 125 (U/mL)
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≤ 35 130 (31.4) 16 (12.3) Baseline

> 35 284 (68.5) 114 (87.6) 3.24 1.92-5.47 < 0.001

Total bilirubin (mg/dL)

≤ 1.3 78 (18.8) 20 (15.3) Baseline

> 1.3 336 (81.1) 110 (84.6) 1.63 1.01-2.64 0.045

BUN (mg/dL)

≤ 25 358 (86.4) 90 (69.2) Baseline

> 25 56 (13.5) 40 (30.7) 2.64 1.82-3.84 < 0.001

Na (meq/L)

≥ 135 374 (90.3) 104 (80.0) Baseline

< 135 40 (9.6) 26 (20.0) 2.55 1.66-3.93 < 0.001

K (meq/L)

≤ 5.5 409 (98.7) 121 (93.0) Baseline

> 5.5 5 (1.2) 9 (6.9) 3.22 1.63 - 6.34 0.001

Ca (mg/dL)

≥ 8.5 362 (87.4) 97 (74.6) Baseline

< 8.5 52 (12.5) 33 (25.3) 2.13 1.44 - 3.17 < 0.001

MELD score

Mean ±SD 14.9 ± 5.7 18.9 ± 6.8 1.10 1.08 - 1.13 < 0.001

Median 15 18

Fib-4

Mean ± SD 0.005 ± 0.006 0.008 ± 0.011 1.621 1.3 - 1.9 < 0.001

Median 0.004 0.006

Abbreviations: HR, hazard ratio; CI, confidence interval; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e-antigen; CA 125, cancer antigen 125; WBC, white blood cell;
RBC, red blood cell; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; PMN, polymorphonuclear leukocytes; RDW, red cell distribution width; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; Alb, albumin; BUN, blood urea nitrogen; Na, sodium; K, potassium; Ca, calcium; MELD, model for end-stage
liver disease; FB-4, (liver) fibrosis-4 calculation; Log n of HR was calculated.
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