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Introduction

Summary

Alcoholic cirrhotics evaluated for liver transplantation are frequently malnour-
ished or obese. We analyzed alcoholic cirrhotics undergoing transplantation to
examine time trends of nutrition/weight, transplant outcome, and effects of con-
comitant hepatitis C virus (HCV) and/or hepatocellular carcinoma (HCC).
Nutrition and transplant outcomes were reviewed for alcoholic cirrhosis with/
without HCV/HCC. Malnutrition was defined by subjective global assessment.
Body mass index (BMI) classified obesity. A total of 261 patients receiving trans-
plants were separated (1988-2000, 2001-2006, and 2007-2011) to generate similar
size cohorts. Mean BMI for the whole cohort was 28 + 6 with 68% classified as
overweight/obese. Mean BMI did not vary among cohorts and was not affected by
HCV/HCC. While prevalence of malnutrition did not vary among cohorts, it was
lower in patients with HCV/HCC (P < 0.01). One-year graft/patient survival was
90% and not impacted by time period, HCV/HCC, or malnutrition after adjust-
ing for demographics and model end-stage liver disease (MELD). Alcoholic cir-
rhotics undergoing transplantation are malnourished yet frequently overweight/
obese. Among patients selected for transplantation, 1-year post-transplant graft/
patient survival is excellent, have not changed over time, and do not vary by
nutrition/BMI. Our findings support feasibility of liver transplantation for alco-
holic cirrhotics with obesity and malnutrition.

of malnutrition and obesity in these patients on liver trans-
plantation outcome requires further attention.

Malnutrition is prevalent in patients with liver disease,
especially those with alcoholic cirrhosis who were typically
described as cachetic in the 1980s [1-3]. Over the last two
decades, prevalence of obesity has increased in the general
population and especially in patients undergoing liver
transplant [4-7]. Both malnutrition and obesity have been
viewed as risk factors for clinical decompensation, mortal-
ity, and surgical interventions among these patients [3,8,9].
In light of recent publications supporting a greater role for
liver transplantation in alcoholic cirrhosis [10-12], the role
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Outcomes after liver transplantation for alcoholic cir-
rhosis are reported to be similar to other diseases and
better than hepatitis C virus (HCV) infection leading to
wider acceptance and increased transplantation for alco-
holic cirrhosis [10,13]. We hypothesized that alcoholic
cirrhosis patients undergoing liver transplantation are
now more obese and less cachectic. However, data are
lacking on the changes in body mass index (BMI) and
nutritional status over time among patients with alcoholic
cirrhosis undergoing liver transplantation. Data are also
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lacking on the association of changes in nutritional status
of alcoholic cirrhotics undergoing liver transplantation
with the post-transplantation graft and patient survival.
Therefore, we performed this retrospective study aiming
to i) study time trends of weight and nutritional status of
patients with alcoholic cirrhosis evaluated for liver trans-
plantation, ii) examine the association of these changes
with 1-year post-transplant graft and patient survival, and
iii) examine the impact of concomitant HCV and or
hepatocellular carcinoma (HCC) on the nutritional status
of these patients.

Experimental procedures

Study population

Transplant database at the Mayo Clinic (1988-2011) was
queried for patients transplanted with a primary or second-
ary diagnosis of alcoholic cirrhosis as recorded in the trans-
plant database at our center. Inclusion criterion included a
documented history of alcohol use of >50 g/d in males and
>30 g/d in females for more than 5 years. Patients with
concomitant HCV and or HCC were noted and categorized
distinctly.

Data extraction

Medical charts of eligible patients were reviewed for patient
demographics (age in years and gender); dates of listing
and receiving transplant, amount and duration of alcohol
use, model end-stage liver disease (MELD) score labs
(serum bilirubin, international normalized ratio or INR,
and serum creatinine) within 1 month prior to receiving
transplant, and 1-year graft/patient survival. Details for
nutritional parameters including anthropometric measure-
ments were extracted and calculated as discussed below.

Nutritional assessment

Body mass index was calculated from the retrieved data on
height/weight and classified according to standard World
Health Organization nomenclature as <18.5 (underweight),
18.5-24.9 (normal), 25-29.9 (overweight), 30-34.9 (class I
obesity), 35-39.9 (class II obesity), and 40 or above (class
III obesity).

Mid arm circumference was measured at a point midway
between acromion and medial epicondyle of humerus [14].

Triceps skinfold thickness measured at the same location
using Lange Skinfold Caliper (Cambridge Scientific Indus-
tries, Inc., Cambridge, MD, USA) [14].

Hand grip strength was measured using Jamar handgrip
dynamometer (J.A. Preston Co, Jackson, MI, USA) [15].

Arm muscle circumference was calculated as mid arm cir-
cumference — (triceps skinfold thickness x 0.314) [16].
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Bedside subjective global assessment (SGA) score (0, 1, 2, 3)
was retrieved and patients were classified as well nourished
(0), mild malnutrition (1), moderate malnutrition (2), or
severe malnutrition (3), respectively [17]. Patients were also
considered to be malnourished with arm muscle circumfer-
ence of <5th percentile or hand grip strength of 2 standard
deviation (SD) below the mean as determined from norms
among age- or gender-matched general population. In
addition, patients with hand grip <30 kg and arm muscle
circumference <23 cm were considered malnourished; this
criterion has been validated at our center earlier with 94%
sensitivity and 97% negative predictive value [15,16,18].
Nutritional status in this study was assessed by estimation
of body cell mass using isotope dilution technique [18].

Statistical analyses

To examine the trends over time, data were divided into
1988-2000, 2001-2006, and 2007-2010 to generate similar
numbers of patients in the three time periods. Nutritional
parameters at the time of listing for liver transplantation
were compared in the three time periods with 1988-2000 as
the reference. To examine association of HCV and/or HCC
with the nutritional status, data were divided into four
groups: alcoholic cirrhosis alone (reference group), alco-
holic cirrhosis with HCV, alcoholic cirrhosis with HCC,
and alcoholic cirrhosis with both HCV and HCC. Kaplan—
Meier curves were generated to evaluate effects of HCV/
HCC, nutritional status, and obesity on 1-year survival. We
also evaluated for length of hospital stay, occurrence of
infection mortality during the hospital stay after liver trans-
plantation. Cox proportional hazard regression analysis
models were built to determine predictors of graft and
patient survival at 1 year. Causes of graft loss and patient
mortality were compared between these groups. Chi-
squared or Fisher exact tests were used for comparing cate-
gorical variables. For continuous variables, t-tests and mul-
tiple analysis of variance tests were used for comparing two
groups and more than two groups, respectively. All the sta-
tistical analyses were performed using the Statistical Analy-
sis Software (SAS Institute, Cary, NC, USA). P-value < 0.05
was considered significant and was adjusted using Bonfer-
roni adjustment to <0.025 for two comparisons and <0.017
for three comparisons.

Results

Baseline characteristics

A total of 261 patients (77 during 1988-2000, 86 during
2001-2006, and 98 during 2007-2011) with a primary or
secondary diagnosis of alcoholic cirrhosis were transplanted
at our center. Yearly distribution of these patients is shown
in Figure 1. Patients undergoing transplantation for alco-
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Figure 1 Yearly distribution of number of patients transplanted for
alcoholic cirrhosis between 1988 and 2011.

holic cirrhosis were most commonly males in their sixth
decade (Table 1). Baseline characteristics were similar dur-
ing the three time periods for amount of alcohol drinking,
serum albumin, and serum sodium. Although MELD scores
were similar over time, a higher proportion of patients
transplanted after 2000 were on dialysis at the time of
transplantation (3% prior to 2001 vs. 14% after 2000;
P =0.015) (Table 1). Of the 261 patients, 129 (49%) had
alcoholic cirrhosis alone and 132 (51%) had concomitant
HCV and/or HCC (26% HCV, 12% HCC, and 13% both
HCV and HCC). Mean patient age with concomitant HCC
was 5—7 years higher compared with patients without HCC
and mean patient age with concomitant HCV was 3 years
lower compared with patients without HCV (Table 1).
Proportion of males was higher with concomitant HCV
and/or HCC compared with alcoholic cirrhosis alone (85—
91% vs. 71%; P = 0.01). Mean MELD score was approxi-
mately seven points lower for patients with concomitant
HCC compared with patients without HCC (Table 1).

Body Mass Index, anthropometric measurements,
and malnutrition

Median BMI of alcoholic cirrhosis patients at the time of
listing for transplantation was about 28 (range: 18—47) with
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no difference over time or among various groups (data not
shown). About 68% of alcoholic cirrhosis patients under-
going transplantation were either overweight or obese with
few patients at extremes of BMI (2% <18.5 and 4% >40).
Proportion of patients in various BMI groups was also sim-
ilar over time (Table 2). About 45% of patients with con-
comitant HCC had class I obesity compared with 15%,
25%, and 21% of alcoholic cirrhosis alone, alcoholic cirrho-
sis with HCV, and alcoholic cirrhosis with HCV and HCC,
respectively (P = 0.049) (Table 2).

Among the patients with available data on anthropomet-
ric measurements, median arm muscle circumference was
higher for patients with alcoholic cirrhosis and HCV com-
pared with alcoholic cirrhosis alone (27.4 vs. 24.8;
P =0.005). Similarly, median hand grip was lower for
patients with alcoholic cirrhosis alone compared with
patients with alcoholic cirrhosis and HCV (30 vs. 38;
P < 0.0001) and alcoholic cirrhosis with HCV and HCC
(30 vs. 43; P < 0.0001) but not for patients with concomi-
tant HCC (30 vs. 33; P = 0.15) (data not shown).

About 84% of patients were malnourished based on SGA
(50% mild: SGA 1, 30% moderate: SGA 2, and 4% severe:
SGA 3). Proportion of patients with malnutrition did not
change over time as evaluated by SGA (Table 2). However,
proportion of patients with SGA 1-3 was lower among alco-
holic cirrhosis with HCC compared with alcoholic cirrhosis
without HCC (56% vs. 95%; P < 0.0001) (Table 2). None
of the patients with concomitant HCC had severe malnutri-
tion. Similarly, a higher proportion of patients with alco-
holic cirrhosis alone were malnourished based on hand grip
< 2 SD compared with patients with concomitant HCV,
concomitant HCC, and both HCV and HCC (76% vs. 51%
vs. 55% vs. 26%; P < 0.0001) (data not shown).

Outcomes after liver transplantation

Post-transplant graft and patient survival at 1 year were
over 90% and were similar for 2001-2006 and 2007-2011

Table 1. Baseline characteristics of patients with alcoholic cirrhosis receiving liver transplantation: comparison over time and based on the presence
or absence of concomitant hepatitis C virus (HCV) and/or hepatocellular carcinoma (HCC).

Year groups

Concomitant HCV and/or HCC

1988-2000  2001-2006 20072011 Alcohol  WithHCV  With HCC  With HCV+
All (261) (77) (86) (98) P (129) (64) (32) HCC(36) P

Age 53+8 50+ 8 53+ 8 55 + 7 0066 53+8 50+7 60+6 5545 <0.0001
%Males 206 (79) 56 (73) 74 (86) 76 (78) 0.1 91 (71) 54 (84) 28(88) 33(92) 0.009
Alcoholg/d 83 +57 89 + 65 87 + 54 74 + 52 085 8 +61 83455 84+63 63+ 38 0.1
Dialysis (%) 28 (11) 2(3) 14(17) 12(13) 0015  20(16) 6(9) 2(7) 0(0) 0.044
MELD 19+ 8 18 + 7 19 + 8 19 + 8 0045 21+8 2149 14+6 1344 <0.0001
Alburnin 334057 314056 33+053 34+058 039 32406 32+06 33+05 34+05 047
Sodium 136 + 5 136 + 5 136 + 5 136 +4 078 136+5 136+5 136+5 137 + 3 0.51

MELD, model end-stage liver disease.
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Table 2. Body mass index (BMI) and subjective global assessment (SGA) of patients with alcoholic cirrhosis at the time of listing for liver transplanta-
tion: comparison over time and based on concomitant hepatitis C virus (HCV) and/or hepatocellular carcinoma (HCC).

Year groups

Presence of concomitant HCV and/or HCC

All 1988-00 2001-06 2007-11 AC With HCV  With HCC ~ With HCV+
(N=261) (N=98) (N=8) (N=77) P  (N=129) (N=64) (N=32) HCC(N=36) P
BMI groups < 18.5 4(2) 0 1(1) 3(4) 0.6 4(3) 0 0 0 0.049
N (%) 18.5-24.9 79 (30) 30(31) 24 (28) 25(32) 41(32) 21(32) 9(28) 8(24)
25-29.9 88 (34) 29 (30) 32 (36) 27 (35) 50 (38) 17 (27) 7(22) 14 (37)
30-34.9 57 (22) 24 (24) 20 (24) 13(17) 19(15) 17 (27) 14 (44) 7(21)
35-39.9 22 (8) 10 (10) 5(6) 7 (9) 11(9) 6(9) 0 5(15)
>40 11(4) 5(5) 4(5) 2(3) 4(3) 3(5) 2 (6) 2(3)
SGA groups 0 41 (16) 18 (18) 15(17) 8(11) 0.06 8(6) 4(6) 12 (38) 17 (47) <0.0001
N (%) 1 129 (50)  48(49) 50(58)  31(41) 67 (52) 34 (53) 14 (43) 15 (42)
2 80 (30) 28 (29) 18(21) 34 (45) 46 (36) 24 (38) 6(19) 4(11)
3 10 (4) 4 (4) 3(4) 3(4) 8 (6) 2(3) 0 0

AC, alcoholic cirrhosis.

as compared with 1988-2000 (Fig2 a—b) with HR (95% CI)
of 1.05 (0.56-1.96) and 1.26 (0.60-2.69), respectively. Simi-
larly, compared with alcoholic cirrhosis alone, outcomes
were similar for alcoholic cirrhosis and HCV, alcoholic cir-
rhosis and HCC, and alcoholic cirrhosis with HCV and
HCC [HR (95% CI):1.34 (0.73-2.46), 1.14 (0.48-2.75), and
2.00 (0.88—4.57), respectively] (data not shown). Other
variables in the model such as age, gender, and MELD score
also did not predict 1-year liver transplant (LT) outcomes.
Outcomes were similar between malnourished and well-
nourished patients as defined by SGA at the time of listing
for or at the time of liver transplantation (Table 3). In-
hospital mortality was around 3% (9 of 261) with no
impact of SGA at the time of listing for liver transplanta-
tion (8/251 for SGA 0-2 vs. 1/10 for SGA 3; P = 0.25) or at
the time of liver transplantation (8/226 vs. 1/35; P = 0.85).
Length of hospital stay was longer for malnourished
patients (SGA 3) compared with SGA 0-2, both at the time
of listing (23 £ 2 vs. 12 £ 10 days; P = 0.007) and at the
time of liver transplantation (29 £ 20 vs. 10 £ 10 days;
P < 0.0001).

When analyzed for BMI at the time of listing for liver
transplantation, patient survival rates were poor at
extremes of BMI (<18.5 and >40) compared with patients
with BMI 18.5-39.9 (Table 3; 75% and 73% vs. 93%,
respectively; P = 0.018). For each liter of ascitic fluid,
weight was adjusted for 1 kg, giving the BMI reading con-
trolled for ascitic fluid. However, when outcomes were ana-
lyzed for BMI at the time of liver transplantation (n = 214)
controlled for ascitic fluid removed at liver transplantation
(for each liter of ascitic fluid removed, weight adjusted by
1 kg), patient survival was no longer different among
respective groups (86% and 80% vs. 91%; Log Rank
P = 0.61; data not shown in Table 3). Causes of death were
not different among patients at extremes of BMI compared

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 788-794

with other patients [overall causes of death within 1-year
post-LT: operative (5), sepsis (5), graft-versus-host disease
(2), pulmonary hypertension (2) hepato-pulmonary syn-
drome (1), recurrent metastatic malignancy (3), and severe
HCV recurrence (2)].

Discussion

We have uncovered several key pieces of information in
this analysis relevant to the role of nutrition in alcoholic
cirrhosis patients undergoing liver transplantation: i) alco-
holic cirrhosis patients listed and undergoing liver trans-
and yet
concurrently overweight/obese, ii) contrary to our hypoth-
esis, nutritional status and BMI of patients with alcoholic

plantation are frequently malnourished

cirrhosis listed for liver transplantation did not change over
time, and iii) alcoholic cirrhosis patients with concomitant
HCV and/or HCC have less malnutrition compared with
patients without concomitant disease. Furthermore, among
patients selected for liver transplantation, post-transplant
outcomes for liver graft and patient survival at 1 year
are good, have not changed over time, and are not
impacted by concomitant HCV and/or HCC, nutritional
status, or BMI.

Prevalence of malnutrition in patients undergoing liver
transplantation has varied in the literature depending on
the methodology used to define malnutrition [18-20]. Mal-
nutrition prevalence in our study was 84% as evaluated by
SGA. However, malnutrition as defined by triceps skinfold
thickness or mid arm circumference < 5th percentile was
approximately 17% in our study which was similar or
slightly lower than that observed in other studies [18,21—
23]. Thus, prevalence of malnutrition varies depending on
the method of nutritional assessment. Since SGA is a simple
and widely available bedside tool [17], it is reasonable to
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Figure 2 One-year post liver transplant graft and patient survival
among patients with alcoholic cirrhosis. Comparison over time (a-b):
1988-2000 (black dashed line) vs. 2001-2006 (gray dashed line) vs.
2007-2011 (black solid line). Results show that survival for respective
time period are similar for graft (89% vs. 89% vs. 96%; Log Rank
P = 0.18) and for patient (90% vs. 89% vs. 96%; P = 0.23).

recommend it for nutritional assessment in routine clinical
practice. Although, malnutrition was most frequent among
normal weight or underweight patients, interestingly it was
also observed not infrequently even in overweight and
obese patients reflecting disconnect between the presumed
indirect relationship between malnutrition and BMI. Thus,
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malnutrition is not always synonymous with cachexia in
alcoholic cirrhotics [21,22].

In the present analysis, 2% of alcoholic cirrhosis patients
undergoing liver transplantation were underweight, while
34% were obese (4% morbidly obese). We had hypothe-
sized that with the increasing prevalence of obesity in the
general population and in cirrhotics, we would observe
increasing alcoholic cirrhosis patients with obesity under-
going liver transplantation. However, contrary to our pre-
diction, median BMI of alcoholic cirrhosis patients
undergoing liver transplantation did not change over time.
Analysis of the UNOS database showed obesity prevalence
among transplant recipients to have increased from 17%
(2.1% class III obesity) during 1988-2000 to 33% (3.2%
class III obesity) during 2001-2004 [7,24]. Although there
was a trend for increase in obesity prevalence over time
among alcoholic cirrhosis patients undergoing transplanta-
tion in the current analysis (29%, 34%, 39% during 1988—
2000, 2001-2006, and 2007-2011, respectively), the
differences were not significant.

We did not find an association of nutritional parameters
at the time of listing with liver transplantation outcomes
for graft and patient survival at 1 year. These observations
are consistent with previous publications [21,25,26]. Our
findings suggest that malnutrition may not be a contraindi-
cation for listing a patient for liver transplantation and sup-
port wider application of liver transplantation for patients
with alcoholic cirrhosis despite their nutritional status.
However, this conclusion is tempered by our and previous
analyses showing that malnourished patients have higher
length of stay in the hospital. Although, we did not analyze
in the present study, malnourished patients are also
reported to require more hospital resources including
longer stay in the intensive care unit with higher need for
blood transfusions [19,25]. Furthermore, being a retrospec-
tive analysis, this conclusion may also be limited by selec-

Table 3. Post liver transplantation graft and patient survival at 1 year based on nutritional assessment at the time of listing for transplantation.

Graft survival (%) Log rank Patient survival (%) Log rank

SGA 0 (N =41) 93 95 0.47
1(N=129) 92 92
2 (N =80) 91 0.6 91
3(N=10) 80 80

BMI* <18.5(N = 4) 75 75 0.031
18.5-24.9 (N = 79) 87 89
25-29.9 (N = 88) 92 0.026 92
30-34.9(N = 57) 98 98
35-39.9 (N = 22) 96 96
40 or more (N = 11) 73 73

BMI, body mass index; SGA, subjective global assessment.

*Patient survival rates were similar for BMI at the time of transplant controlled for ascitic fluid removed at transplant.
(BMI'<18.5vs. > 40 vs. 18.5-39.9; 86% vs. 80% vs. 91%, respectively; Log Rank P = 0.61) and for SGA at the time of transplant.

(SGAQvs. 1vs.2vs.3as97% vs. 91% vs. 92% vs. 85%; P = 0.36).
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tion bias of not transplanting alcoholic cirrhotics with
severe malnutrition and unavailability of anthropometric
measurements for all the patients.

Although graft and patient survival was worse in alco-
holic cirrhosis patients undergoing liver transplantation
who resided at either extreme of BMI (<18.5 or >39.9) at
the time of listing for liver transplantation, this finding was
negated when analyzed for BMI at the time of liver trans-
plantation and controlled for ascitic fluid removed at the
time of transplant. Furthermore, there were no differences
in the cause of death among patients at extremes of BMI.
These data are consistent with some, although not all, prior
analyses [27-30]. For example, in a UNOS database analy-
sis, patients with BMI <18.5 died more frequently of bleed-
ing and cerebrovascular accidents while morbidly obese
patients died more frequently of malignancy and cardiovas-
cular events [27]. It must be considered that the numbers
of patients at extreme BMI was smaller in the present study
and may reflect the selection bias by which many patients
in these extreme BMI subgroups did not undergo liver
transplantation.

In conclusion, alcoholic cirrhosis patients undergoing
liver transplantation are frequently malnourished despite
normal or increased BMI. Over time, the nutritional
status of alcoholic cirrhosis patients undergoing liver
transplantation has not changed dramatically with excel-
lent 1-year liver transplantation graft and patient survival
rates irrespective of their nutritional status at time of
transplant. In total, the work extends other recent studies
that indicate that alcoholic cirrhosis patients comprise an
indication for liver transplantation that achieves excellent
outcomes.
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