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The risk of liver cirrhosis is higher among individuals with diabetes mellitus, and a cirrhotic patient with dia-
betes may have a poorer prognosis after liver transplantation compared to a patient without diabetes. Thus,
we evaluated whether fasting plasma glucose prior to receiving a liver transplant was a prognostic factor for
post-transplant survival.

Ninety-one patients received a living donor liver transplant between November 2005 and December 2012.
Patients were considered diabetic if they were prescribed diabetes medications or had impaired glucose toler-
ance as measured by an oral glucose tolerance test. Each patient was monitored through December 31, 2013,
to evaluate prognosis.

Fasting plasma glucose of at least 100 mg/dL significantly decreased survival following transplant (52% in the
high FPG group compared to 78% in the control group, p=0.04), while postprandial hyperglycemia had no ef-
fect on survival. Additionally, overall mortality and the incidence of vascular disease were significantly higher
among patients with uncontrolled plasma glucose. Impaired fasting plasma glucose was significantly and in-
versely associated with overall survival in the univariate and multivariate analyses, while creatinine (at least
1 mg/dL) was inversely associated with survival in the univariate analysis.

Elevated fasting plasma glucose prior to liver transplantation was inversely associated with post-transplant sur-
vival. This effect may be due to underlying microangiopathy as a result of uncontrolled diabetes before trans-
plantation. Our data demonstrated the importance of controlled blood glucose prior to liver transplantation.
Diabetes Mellitus, Type 2 ¢ Liver Cirrhosis ¢ Liver Transplantation

BMI - body mass index; WBC — white blood cells; Hb — hemoglobin; Plt — platelet; PT — prothrombin
time; CRP - C-reactive protein; BUN — blood urea nitrogen; Cr — creatinine; eGFR — estimated glomerular
filtration rate; TP — total protein; Alb — albumin; T-Bil - total bilirubin; ALT — alanine aminotransferase;
y-GTP - y-glutamyltranspeptidase; ChE — cholinesterase; TG — triglyceride; TC — total cholesterol;

HDL-C - high density lipoprotein cholesterol; LDL-C — low density lipoprotein cholesterol; FPG - fasting
plasma glucose; HOMA-R — homeostasis model assessment ratio; CP-S — Child-Pugh score;

MELD - Model for End-Stage Liver Disease; HAT — hepatic artery thrombosis; PVT — portal vein thrombo-
sis; NOMI - nonocclusive mesenteric ischemia; TMA — thrombotic microangiopathy; HD — hepatogenous
diabetes; LC - liver cirrhosis; DM — diabetes mellitus; T2DM - type 2 DM; IGT - impaired glucose toler-
ance; HCC - hepatocellular carcinoma; SU — sulfonylurea; DPP4I - dipeptidy| peptidase-4 inhibitor;

NEFA - non-esterified free fatty acid; BTR — branched chain amino acid tyrosine molar ratio
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Materials and Methods

Liver cirrhosis (LC) and diabetes mellitus (DM) are closely re-
lated clinical conditions. Type 2 DM (T2DM) patients are at
risk for onset of non-alcoholic liver disease, hepatocellular
carcinoma, and death by hepatobiliary disease [1,2]. The risk
of chronic liver disease and cirrhosis are also increased by
DM [3]. Therefore, T2DM may predict the onset and progres-
sion of liver disease. Diabetes, as a coexisting disease with cir-
rhosis, is called hepatogenous diabetes (HD) and differs from
type T2DM. HD is characterized by later onset than cirrhosis,
negative family history for DM, lower body mass index (BMI),
reduced frequency of diabetic complications (retinopathy, car-
diovascular disease, and renal disease) and insulin resistance,
and the common causes of death from HD are related to liver
disease [4]. Influence of HD in cirrhosis is not clear. For exam-
ple. Japanese patients with Child-Pugh grade A and B disease
who had not been diagnosed with T2DM were found to have
an evaluated OGTT (by a 75 g oral glucose tolerance test), and
a DM pattern associated with a worse prognosis than normal
glucose tolerance [5]. However, German patients with a DM
pattern identified by OGTT were found to have a similar prog-
nosis to patients who had an impaired glucose tolerance (IGT)
pattern [6]. It has been reported that DM complicated with
cirrhosis was not a prognostic factor for in-hospital death in
Taiwan [7], but DM complicated with decompensated cirrho-
sis was a prognostic factor for mortality in Italy [8]. The as-
sociations between cirrhosis and diabetes have not been ful-
ly characterized.

DM in cirrhotic patients is an important consideration for prog-
nosis after liver transplantation (LT). One study found HD was
resolved after LT, thereby improving insulin sensitivity, but de-
creased insulin secretion was not recovered following LT [9].
Research has shown that DM in pre-LT patients predicted mor-
tality after LT [10], and recently, it was reported that DM in
pre-LT increased mortality after LT [11,12]. However, DM has
also been associated with adverse events and longer hospi-
tal stay without directly affecting survival after LT [13], and
other studies concluded that DM in pre-LT was not related to
mortality after LT [14-16]. These conflicting results may be
due to different diagnostic criteria for DM between studies,
or due to studies varying in objective measurements of blood
glucose control.

Patients with cirrhosis awaiting a living donor LT (LDLT) in our
hospital completed OGTTs beginning in November 2005, prior
to which time patients did not receive diabetic treatments (in-
sulin and/or oral medications). Blood glucose control was eval-
uated by fasting plasma glucose (FPG) level, hemoglobin Alc
(HbA1c), and glycoalbumin (GA) before and after LDLT. Thus,
we evaluated whether glucose levels in pre-LDLT patients was
a prognostic factor for post-LDLT survival.

Patients

Study participants were recruited from liver cirrhosis patients
who were admitted for LDLT at Nagasaki University Hospital in
Nagasaki, Japan, between November 2005 and December 2012.
Patients were observed for complications and/or mortality un-
til December 31, 2013. Study inclusion criteria were as follows:
first LDLT for patient, adult (at least 20 years of age), chronic
liver disease diagnosis, and evaluation of blood glucose level
before LDLT (Table 1). Ninety-one patients who received LDLT
were included. Informed consent was obtained from each pa-
tient included in the study, and the study protocol conformed
to the ethical guidelines of the 1975 Declaration of Helsinki as
reflected by the approval by the Nagasaki University Hospital
Human Research Committee. Written consent was obtained
from each patient.

Laboratory measurements

Laboratory data and anthropometric measurements were ob-
tained on the day of entry for each participant. Body mass in-
dex (BMI) was calculated pre-LDTL as weight (kg) divided by
the square of height (m). Laboratory measurements included
white blood cells (WBC), hemoglobin (Hb), platelet counts (Plt),
prothrombin time (PT), C-reactive protein (CRP), blood urea ni-
trogen (BUN), creatinine (Cr), estimated glomerular filtration
rate (eGFR), total protein (TP), albumin (Alb), total bilirubin
(T-Bil), alanine aminotransferase (ALT), y-glutamyltranspepti-
dase (y-GTP), cholinesterase (ChE), triglyceride (TG), total cho-
lesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), FPG, HbA1lc, GA, and
homeostasis model assessment ratio (HOMA-R). HbA1c in pre-
LDLT was measured using the Japan Diabetes Society method.

Diagnosis of diabetes mellitus (DM) in pre-LT

DM was diagnosed in patients admitted for LDLT if (1) the pa-
tient was prescribed at least one medication for DM or (2) the
patient had FPG of at least 126 mg/dL. Patients without DM at
admission completed a 75 g oral glucose tolerance test (OGTT)
and were diagnosed with DM if plasma glucose was 126 mg/dL
or greater at fasting or 200 mg/dL or greater at 120 minutes.
Patients with plasma glucose of 110 mg/dL or less at fasting
and 140 mg/dL or less at 120 minutes were considered DM-
free. Impaired glucose tolerance (IGT) is expected for patients
with DM and the normal pattern.

Statistical analysis

Data were analyzed using the StatView 5.0 software program
(SAS Institute, Inc., Cary, NC, USA). Laboratory variables were
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Table 1. Clinical characteristics of LDLT patients with high or normal FPG.

Characteristic (unit)*

High FPG (n=41)

Normal FPG (n=50) p-value for difference

Observation time (days) 1086.5 (926)

BMI (kg/m2) 23.7 (3.56)
A 51 (676)
Gender (female,n) v
e %
meo 133 @4
s o714 (56
CCrmgay 106 (095
CeGR (mUmin/m) 567 (13)
R 567 (13)
oA 239 (620
oLC(mga) 524 @20
HDLC(mgay) 23 073
To(mgd) 998 (649)
NEFA oes (02)
BR 36 (143
CDeaths®) 8
CCauseofdeath®)
"""" Graft faitue 5
”””” infecon 4
© Vascularcomplication s

1150 (773) NS
"""""""" 249 @2 N
"""""""" s62 (939 NS
"""""""""""" 2 N
"""""""""""" 2 o005
"""""""" 136 (49 NS
"""""""" 074 @3 N
o83 (029 N
436 (058 N
I ©o001
"""""""" 179 @02 <0001
"""""""" 573 (@55 NS
"""""""" 209 (82 N
"""""""" 761 (36 006
o9 ©3) N
"""""""" 316 (o) NS
"""""""""""" n o004
""""""""""""" T
""""""""""""" s N
""""""""""""" o o0

* Values are presented as mean (SD) unless otherwise indicated. NS is not significant.

compared for DM and DM-free patients using t-tests and
x2-square tests, and survival curves were prepared using the
Kaplan Meier method. Survival between groups was measured
via log-rank tests. Multivariate and univariate analyses were
performed with logistic regression. A p value <0.05 was con-
sidered statistically significant.

Results

Patients with type 1 DM were not found in this study. Thirty
pre-LDLT patients (33%) were treated with the T2DM medica-
tions insulin (n=25), sulfonylurea (SU) (n=3), dipeptidyl pep-
tidase-4 inhibitor (DPP4) (n=1), and glinide (n=1). Thirty-two
patients (52%) who completed the OGTT (n=61) were diag-
nosed with T2DM. The hospital diabetes specialist managed

DM treatment, and patients with fasting and postprandial plas-
ma glucose greater than or equal to 250 mg/dL were treated
with insulin. DM treatment was considered successful if blood
glucose levels were maintained below 300 mg/dL.

Initially, we evaluated the extent to which DM in pre-LDLT pa-
tients influenced survival after LDLT. Individuals diagnosed with
DM prior to LDLT (diabetes group, n=30) had a poorer 5-year
survival rate compared to the control group (n=61); 48% and
70%, respectively, p=0.03, Figure 1A. DM patients treated with
insulin (insulin group, n=25) demonstrated borderline signifi-
cantly poorer survival compared to the control group (n=66);
49% and 70%, respectively, p=0.05, Figure 1B. Next, we evalu-
ated whether DM diagnosed at 120 minutes of OGTT influenced
post-LDLT survival. Figure 1C shows the similar survival rates
between patients with DM diagnosed either via medication
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Figure 1. Patients with DM had poorer post-LDLT prognoses than patients without DM. Survival was measured until each patient’s

NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

death and graft loss or the end of the observation period, whichever occurred first. (A) The diabetes group included patients
who used DM medications (insulin and oral medications) (black circle is the control group and white circle is the diabetes
group). (B) The insulin group included insulin users only (black circle is the control group and white circle is the insulin
group). (C) The clinical and OGTT diabetes group included patients who used DM medications (n=30) and diabetes diagnosed
by OGTT (n=32). (Black circle is the control group and white circle is the clinical and OGTT diabetes group). (D) The high FPG
group included patients with FPG =100 mg/dL, measured in the morning (n=30) or during an OGTT (n=11). (Black circle is the
control group and white circle is the clinical and high PG at fasting group). (E) Patients were divided into 3 groups based on
FPG. “<100” is 100 or less mg/dL of FPG (black circle). “100-110" is 100 to 110 mg/dL of FPG (gray circle). “>111” is 111 or
more mg/dl of FPG (white circle). Y-axis is survival rate and X-axis is observation time (day).
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Table 2. The associations of high FPG and Cr with short- and long-term prognosis following LDLT in univariate and multivariate logistic

regression analyses.

Univariate

Variable

95% confidence

Multivariate*

95% confidence
Exponent

Overall survival

interval

interval

High Cr (>1 mg/dL) 0.01 0.27

0.10-0.80 0.02 0.30

0.10-0.88

* Adjusted for FPG (100 or more mg/dL). Cr (1 or more mg/dL), gender, age at transplantation (60 or more years), original disease

(HCV), MELD (12 or more), BMI (30 or more), and HCC.

use or OGTT (clinical and OGTT diabetes group, n=62) and the
control group; the 5-year survival rates were 63% and 70%,
respectively). Furthermore, the survival rate of patients with
plasma glucose greater than or equal to 200 mg/dL at 120
minutes of OGTT (n=32) did not significantly differ from the
survival rate of patients with IGT (n=21), and the survival rate
of patients with normal blood glucose (n=7); the 5-year sur-
vival rates were 65%, 63%, and 70%, respectively. The surviv-
al rate of patients with FPG less than or equal to 90 mg/dL
(n=41) did not significantly differ from the survival rate of the
control group (n=50); the 5-year survival rates were 65% and
69%, respectively. The survival rate of patients with HbA1c of
at least 5% (n=32) also did not significantly differ from the
survival rate of the control group (n=59); the 5-year survival
rates were 64% and 70%, respectively.

Additionally, we evaluated the relationship between FPG and
survival rate following LDLT. The 41 patients with high FPG
(at least 100 mg/dL) had poorer 5-year survival rates than
the patients in the control group (52% and 78%, respectively,
p=0.04, Figure 1D). To further examine the role of FPG in post-
LDLT survival, we compared 32 patients with very high FPG (at
least 111 mg/dL), 19 patients with moderate FPG (110-100
mg/dL), and 50 patients with normal FPG (less than 100 mg/dL)
(Figure 1E). The prognosis for the three groups differed sig-
nificantly; the 5-year survival rates were 75%, 59%, and 42%,
respectively, p=0.01).

Patients with high FPG had significantly increased HbA1lc and
GA relative to the control group (p<0.0001, Table 2). The prev-
alence of hepatitis C (HCV) was higher among patients with
high FPG (p=0.05), but BMI, age, MELD, CP-S, and renal func-
tion were not different between groups. The number of patients
who died during the observation period was greater among
the high FPG group compared to the normal FPG group, but
there were no differences between the number of graft fail-
ures between the two groups, and no difference in infections
as a cause of death between the two groups. Causes of death
among patients with high FPG included graft failure (n=5, in-
cluding small for size), infection (n=4), chronic rejection (n=2),
hepatic artery thrombosis (HAT, n=1), portal vein thrombosis
(PVT, n=1), nonocclusive mesenteric ischemia (NOMI, n=1),
thrombotic microangiopathy (TMA, n=1), stroke (n=1), recur-
rence of cirrhosis (n=1), and recurrence of HCV (n=1). Among
patients with normal FPG, causes of death included graft fail-
ure (n=5, including small for size), infection (n=4), and chronic
rejection (n=2). The prevalence of vascular disease (including
TMA, PVT, NOMI, and stroke) as a cause of death was higher
among patients with high FPG than among patients with nor-
mal FPG (p=0.05).

Using logistic regression, we analyzed the influence of covari-
ates (including the clinical characteristics presented in Table 1)
on the association between pre-LDLT FPG and post-LDLT prog-
nosis (Table 2). High serum Cr (1 or more mg/dL) at 6 months,
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Table 3. Clinical characteristics of LDLT patients with high or normal Cr.

Characteristic (unit)*

High Cr (n=19)

Observation time (days) 594 (691)
CBMIGgmd) 236 (339
CAge) 553 (813)
 Gender (female,n) s
CHOVGR) 8
MELD 21 (824)
s 106 (203
CFPG (mgrd) 1224 (68)
oM °o
MighFPGRM) 11
CHbALc®%) 498 (113)
A 197 @2
IDLC (mga) 505 (268
CHDLC (mgid) 248 (198
16 (mgay 1147 (932
NEFA o064 (029
BR 334 (145
peaths(®) 10
Causeofdeath(®)
"""" Graft failure 3
"""" Infecton 4
"""" other 7

Normal Cr (n=72) p-value for difference

1260 (826) 0.001
"""""""" 25 @y N
"""""""" s76 (3% NS
""""""""" % o007
""""""""" 7N
"""""""" 115 (749 <0000l
o4 @49 000
100 @) NS
""""""""" 2N
""""""""" S
a2 a2 NS
"""""""" 21 (63 NS
"""""""" 563 (33 NS
"""""""" 25 (69 NS
""""""""" g0 466 003
"""""""" o6 (©33 N
"""""""" 311 (7e) NS
1 005
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
"""""""""" 4 N
o NS

* Values are presented as mean (SD) unless otherwise indicated.

1 year, and 3 years significantly decreased survival rates among
all patients. However, for overall 5-year survival, high FPG and
high Cr were significantly associated with poorer prognoses in
the univariate analyses, and high FPG alone remained a sig-
nificant negative predictor of survival in the multivariate anal-
yses. Patients with high Cr had a shorter mean observation
time and poorer average MELD scores than patients with nor-
mal Cr (Table 3). Mean FPG, the number of patients treated
for DM, and the number of patients with high FPG were sim-
ilar between patients with high or normal Cr.

The 5-year survival rates were 46% and 71% in the high
Cr (n=19) and control group (n=72), respectively (p=0.002,
Figure 2A). Patients with low eGFR (45 or less mL/min/m? based
on Cr) demonstrated similar 5-year survival rates compared
to patients with high Cr (70% in control group (n=74) versus
45% in low eGFR group (n=17), p=0.003, Figure 2B). Patients
were assigned to four groups based on Cr and FPG (low/low,
low/high, high/low, or high/high) to assess prognosis after
LDLT. Among the four groups, survival rates were best among
patients with low Cr and low FPG (n=42) and worst among

patients with high Cr and high FPG (n=11); patients with ei-
ther high Cr and low FPG (n=30) or low Cr and high FPG (n=8)
demonstrated poorer prognoses than the low Cr and low FPG
group; the 5-year survival rates were 82%, 55%, 60% and 37%,
respectively, p=0.04, Figure 2C. When patients with either high
Cr and low FPG (high/low group) or low Cr and high FPG (low/
high group) were collapsed into a single group (risk=1; n=38),
survival rates differed significantly between this group and the
low/low group (risk=0; n=42), and the high/high group (risk=2;
n=11), p=0.001, Figure 2D). Patients classified as risk=0 had a
5-year survival rate of 82%, patients classified as risk=1 had a
5-year survival rate of 55%, and patients classified as risk=2
had a 5-year survival rate of 37%.

Discussion

Patients diagnosed with DM prior to LDLT have a significantly
poorer prognosis following LDLT compared to patients without
DM. In addition, FPG greater than or equal to 100 mg/dL before
LDLT significantly decreases survival after LDLT. The mortality
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Figure 2. Patients with renal dysfunction and impaired FPG had poorer post-LDLT prognoses than patients with adequate renal
function and blood sugar control. Survival was measured until each patient’s death and graft loss or the end of the
observation period, whichever occurred first. (A) The high Cr group included patients with Cr of 1 or more mg/dL (black
circle is the control group and white circle is the high Cr group). (B) The low eGFR group included patients with eGFR
<45 ml/min/m? of eGFR (black circle is the control group and white circle is the low eGFR group). (C) Patients were divided
into 4 groups based on FPG and Cr: low Cr and low FPG (black circle), low Cr and high FPG (black line/gray circle), high Cr
and low FPG (gray line/gray circle), and high Cr and high FPG (white circle). (D) Patients were divided into 3 groups based on
survival rates in Frame C: low Cr and low FPG (risk=0, black circle), low Cr and high FPG or high Cr and low FPG (risk=1, gray
circle), and high Cr and high FBG (risk=2, white circle). Y-axis is survival rate and X-axis is observation time (day).

rate among patients with high FPG was greater compared to
patients with normal FPG during the observation period, and
vascular disease was a more prominent cause of death in the
high FPG group compared to the normal FPG group. Regarding
overall survival rates, high FPG and Cr were associated with
significantly poorer prognoses in the univariate analyses, while
FPG was significantly associated with decreased survival in the
multivariate analyses.

In our study, the use of DM medications or high FPG in pre-
LDLT patients influenced survival rate after LDLT. In patients
receiving OGTT (n=61), postprandial hyperglycemia was not
a prognostic marker after LDLT. However, postprandial hyper-
glycemia was not measured in patients with treated DM. Our
study showed that FPG was a better marker for prognosis than

HbA1c. Although DM has been reported as a poor prognosis
marker for LT [10-12], there are only a few reports of FPG as
a prognostic indicator after LT. One previous study concluded
that FPG greater than or equal to 110 mg/dL in pre-LDLT pa-
tients significantly decreased survival post-LT [17]. Our results
indicated that FPG of at least 100 mg/dL significantly decreased
survival for patients with or without treated DM prior to LDLT.
HbA1c and GA are considered useful clinical markers for blood
glucose control, but are not useful in cirrhotic patients [18].
Consequently, FPG might be a more accurate indicator of blood
glucose control in cirrhotic patients than HbAlc and GA. It has
been reported that hypoglycemia (FPG less than 90 mg/dL),
more than normal blood glucose or hyperglycemia, was a poor
prognostic marker in decompensated cirrhotic patients who vis-
ited emergency rooms [19]. Although hypoglycemia has been
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shown to be an indicator of blood glucose control among pa-
tients with DM, the 5-year survival rate among patients with
FPG levels no greater than 90 mg/dL was similar to control pa-
tients in our data and in a previous study [17]. Our results con-
firm that FPG should be maintained between 90 to 100 mg/dL
in pre-LT cirrhotic patients.

The causes of death among our study patients were similar
between patients with high or normal FPG, but vascular dis-
ease was a more prominent cause of death among patients
with high FPG. Previous studies reported that a major cause
of death in diabetic patients with and without LT was liver
disease [3,11]. However, one study found the risk of vascular
events, including cardiovascular disease, was increased in pa-
tients with DM [20], and in another study, coronary artery cal-
cification in patients with cirrhosis was associated with high
FPG [21]. In cystic fibrosis—related diabetes, microvascular com-
plications can occur in fasting hyperglycemic patients [22]. In
addition, thrombotic angiopathy in a patient in a diabetic state
has been associated with the oxidative modification of von
Willebrand factor [23]. Studies have found HAT [24], PVT [25],
NOMI [26], and TMA [27] are related to DM and high plasma
glucose. Thus, patients with high FPG prior to LT should be
monitored closely for vascular complications, including HAT,
PVT, NOMI, TMA, and stroke after LT.

Elevation of FPG indicates greater abnormality in blood glu-
cose control compared to postprandial hyperglycemia in
T2DM [28]. B cell dysfunction begins during pre-DM [29], and
LT cannot improve B cell dysfunction but can improve insulin
resistance [9]. Although we could not establish distinct dia-
betes criteria in our study, high FPG in pre-LDLT patients sig-
nificantly decreased survival following LDLT compared to pa-
tients with normal FPG. Regardless of diabetes criteria, high

References:

1. Davis TM, Peters KE, Bruce DG, Davis WA: Prevalence, incidence, and prog-
nosis of hepatobiliary disease in community-based patients with type 2 di-
abetes: The Fremantle Diabetes Study. J Clin Endocrinol Metab, 2012; 97:
1581-88

2. El-Serag HB, Tran T, Everhart JE: Diabetes increases the risk of chronic liver
disease and hepatocellular carcinoma. Gastroenterology, 2004; 126: 460-68

3. de Marco R, Locatelli F, Zoppini G et al: Cause-specific mortality in type 2
diabetes. The Verona Diabetes Study. Diabetes Care, 1999; 22: 756-61

4. Garcia-Compean D, Jaquez-Quintana JO, Gonzalez-Gonzalez JA, Maldonado-
Garza H: Liver cirrhosis and diabetes: Risk factors, pathophysiology, clinical
implications and management. World J Gastroenterol, 2009; 15: 280-88

5. Nishida T, Tsuji S, Tsujii M et al: Oral glucose tolerance test predicts prog-
nosis of patients with liver cirrhosis. Am ) Gastroenterol, 2006; 101: 70-75

6. Holstein A, Hinze S, Thiessen E et al: Clinical implications of hepatogenous
diabetes in liver cirrhosis. ) Gastroenterol Hepatol, 2002; 17: 677-81

7. Chen YW, Chen HH, Wang TE et al: The dissociation between the diabetes
and both Child-Pugh score and in-hospital mortality in cirrhotic patients
due to hepatitis B, hepatitis C, or alcoholic. Hepatol Int, 2011; 5(4): 955-64

Katsura E. et al.:
Relationship between fasting plasma glucose and liver transplantation
© Med Sci Monit, 2016; 22: 4707-4715

FPG in pre-LDLT may indicate an advanced stage of DM, and
severe vascular disease may be more prevalent among patients
with high FPG compared to patients with normal FPG after LT.

Our study found that high serum Cr was a prognostic mark-
er in short-term survival following LDLT. Additionally, a com-
bination of high Cr and high FPG decreased overall survival.
High Cr was related to liver failure (MELD and CP-S), but not
HbA1lc, GA, DM, and FPG (Table 4). In a previous report, se-
rum Cr was shown to be related to DM [7]. Additionally, se-
rum Cr in cirrhotic patients who have less muscle volume than
healthy controls was not shown to accurately reflect renal
function [30,31]. However, renal dysfunction can predict pro-
gressive mortality in cirrhotic patients [30,31], and poor pre-
transplant renal function can predict chronic kidney disease
after LT [32]. It has not been previously shown that a small el-
evation of Cr in cirrhotic patients in pre-LT is a prognosis fac-
tor after LT. Our study suggests that a low serum level of Cr
can be a useful predictor of survival after LT and may reflect
liver function more accurately than renal function before LT.

Conclusions

High FPG in pre-LT decreases survival after LT, possibly due to
diabetes-induced underlying microangiopathy before LT. Unlike
serum Cr, FPG can be maintained at less than 100 mg/dL by
medication in patients prior to LT. To improve the survival rate
after LT, clinicians must carefully evaluate blood glucose con-
trol and DM complications before LT.

Conflicts of interest

The authors declare no conflicts of interest.

8. Bruno S, Saibeni S, Bagnardi V et al: Mortality risk according to different
clinical characteristics of first episode of liver decompensation in cirrhot-
ic patients: A nationwide, prospective, 3-year follow-up study in Italy. Am
J Gastroenterol, 2013; 108: 1112-22

9. Perseghin G, Mazzaferro V, Sereni LP et al: Contribution of reduced insulin
sensitivity and secretion to the pathogenesis of hepatogenous diabetes:
Effect of liver transplantation. Hepatology, 2000; 31: 694-703

10. Samuelson AL, Lee M, Kamal A et al: Diabetes mellitus increases the risk of
mortality following liver transplantation independent of MELD score. Dig
Dis Sci, 2010; 55: 2089-94

11. Watt KD, Pedersen RA, Kremers WK et al: Evolution of causes and risk fac-

tors for mortality post-liver transplant: Results of the NIDDK long-term fol-
low-up study. Am J Transplant, 2010; 10: 1420-27

12. Yoshizumi T, Shirabe K, Taketomi A et al: Risk factors that increase mortali-
ty after living donor liver transplantation. Transplantation, 2012; 93: 93-98

13. Dare AJ, Plank LD, Phillips AR et al: Additive effect of pretransplant obesi-
ty, diabetes, and cardiovascular risk factors on outcomes after liver trans-
plantation. Liver Transpl, 2014; 20: 281-90

14. Zein NN, Abdulkarim AS, Wiesner RH et al: Prevalence of diabetes melli-
tus in patients with end-stage liver cirrhosis due to hepatitis C, alcohol, or
cholestatic disease. J Hepatol, 2000; 32: 209-17

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Katsura E. et al.:
Relationship between fasting plasma glucose and liver transplantation
© Med Sci Monit, 2016; 22: 4707-4715

15.

16.

17.

18.

19.

20.

21.

22.

23.

Yong CM, Sharma M, Ochoa V et al: Multivessel coronary artery disease pre-
dicts mortality, length of stay, and pressor requirements after liver trans-
plantation. Liver Transpl, 2010; 16: 1242-48

Siegel AB, Lim EA, Wang S et al: Diabetes, body mass index, and outcomes
in hepatocellular carcinoma patients undergoing liver transplantation.
Transplantation, 2012; 94: 539-43

Ishigami M, Onishi Y, Kamei H et al: Impact of recipient age and preop-
erative fasting blood glucose level as the risk factors of living donor liver
transplantation in cirrhotic patients in the recent comprehensive era with
knowledge of indications: Recent status in a Japanese single center. Hepatol
Res, 2013; 43: 1148-55

Koga M, Kasayama S: Clinical impact of glycated albumin as another gly-
cemic control marker. Endocr J, 2010; 57: 751-62

Pfortmueller CA, Wiemann C, Funk GC et al: Hypoglycemia is associated
with increased mortality in patients with acute decompensated liver cir-
rhosis. J Crit Care, 2014; 29: 316.e7-12

Kalaitzakis E, Rosengren A, Skommevik T, Bjornsson E: Coronary artery dis-
ease in patients with liver cirrhosis. Dig Dis Sci, 2010; 55: 467-75

McAvoy NC, Kochar N, McKillop G et al: Prevalence of coronary artery calci-
fication in patients undergoing assessment for orthotopic liver transplan-
tation. Liver Transpl, 2008; 14: 1725-31

Schwarzenberg SJ, Thomas W, Olsen TW et al: Microvascular complications
in cystic fibrosis-related diabetes. Diabetes Care, 2007; 30: 1056-61

Oggianu L, Lancellotti S, Pitocco D et al: The oxidative modification of von
Willebrand factor is associated with thrombotic angiopathies in diabetes
mellitus. PLoS One, 2013; 8: 55396

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

24.

25.

26.

27.

28.

29.

30.

31.

32.

4715

CLINICAL RESEARCH

Saliba F, Lakehal M, Pageaux GP et al: Risk factors for new-onset diabetes
mellitus following liver transplantation and impact of hepatitis C infection:
an observational multicenter study. Liver Transpl, 2007; 13: 136-44

Elkrief L, Corcos O, Bruno O et al: Type 2 diabetes mellitus as a risk factor
for intestinal resection in patients with superior mesenteric vein thrombo-
sis. Liver Int, 2014; 34(9): 1314-21

Quiroga B, Verde E, Abad S et al: Detection of patients at high risk for non-
occlusive mesenteric ischemia in hemodialysis. J Surg Res, 2013; 180: 51-55

Tsakiris DA, Tichelli A: Thrombotic complications after haematopoietic stem
cell transplantation: Early and late effects. Best Pract Res Clin Haematol,
2009; 22: 137-45

Kendall DM, Cuddihy RM, Bergenstal RM: Clinical application of incretin-
based therapy: Therapeutic potential, patient selection and clinical use. Am
J Med, 2009; 122: S37-50

Defronzo RA: Banting Lecture. From the triumvirate to the ominous octet:
A new paradigm for the treatment of type 2 diabetes mellitus. Diabetes,
2009; 58: 773-95

Cholongitas E, Arsos G, Goulis J et al: Glomerular filtration rate is an in-
dependent factor of mortality in patients with decompensated cirrhosis.
Hepatol Res, 2014; 44(10): E145-55

Leithead JA, MacKenzie SM, Ferguson JW, Hayes PC: Is estimated glomer-
ular filtration rate superior to serum creatinine in predicting mortality on
the waiting list for liver transplantation? Transpl Int, 2011; 24: 482-88

Fabrizi F, Dixit V, Martin P, Messa P: Pre-transplant kidney function pre-
dicts chronic kidney disease after liver transplant: meta-analysis of obser-
vational studies. Dig Dis Sci, 2011; 56: 1282-89

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]
[Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



