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Influence of Type 2 Diabetes Mellitus and
Preoperative Hemoglobin Alc Levels on
Outcomes of Liver Transplantation

Meagan Gray,' Sanjeev Singh,” and Stephen D. Zucker®

Liver transplant centers often establish hemoglobin Alc (HbA1C) criteria for candidates with type 2 diabetes mel-
litus (T2DM) based on data from other surgical specialties showing worse outcomes in patients with poor glycemic
control. However, because of the reduced reliability of HbA1C in cirrhosis, it is unclear whether pretransplant
HbA1C values are predictive of postoperative complications in liver recipients. We retrospectively examined the as-
sociation between preoperative HbA1C and postoperative outcomes in 173 consecutive patients who underwent liver
transplantation at the University of Cincinnati Medical Center between August 2012 and March 2015. Demographic
correlates of pretransplant HbA1C included age, T2DM, native Model for End-Stage Liver Disease, hemoglobin,
serum albumin, and nonalcoholic steatohepatitis as the indication for transplantation. No association was identified
between pretransplant HbA1C and most outcome measures, including survival, length of stay, reoperation or read-
mission rates, rejection, bacteremia, and viremia. Significant correlates of HbA1C in liver recipients with diabetes
were posttransplant insulin requirement and anastomotic biliary stricture formation. On multivariate analysis,
HbA1C was the sole determinant of biliary strictures, with patients in the highest quartile (HbA1C >7.3%) exhibit-
ing a 4-fold increased risk. Correlation of HbA1C with morning blood glucose levels was much tighter after versus
before transplantation. Conclusion: Preoperative HbA1C is predictive of anastomotic biliary stricture formation and

the need for insulin following liver transplantation. (Hepatology Communications 2019;3:574-586).

lucose metabolism is commonly impaired

in individuals with advanced liver disease,

primarily as a result of increased periph-
eral insulin resistance and diminished insulin secre-
tion."? As many as 80% of patients with cirrhosis
have some degree of glucose intolerance, with up to
one third manifesting overt diabetes mellitus.®> In
the majority of patients with cirrhosis, the observa-
tion that glycemic control markedly improves follow-
ing liver transplantation® supports the notion that

hepatic dysfunction is a principal contributor to the
pathogenesis of altered glucose tolerance in patients
with cirrhosis. Although required by many transplant
centers, the need for and impact of strict blood sugar
regulation on postoperative outcomes is not well
established.”

A standard measure of diabetic control is hemo-
globin Alc (HbA1C), which corresponds to the
percentage of hemoglobin that is irreversibly glyco-

sylated.(8 Maintenance of HbA1C levels below 7%

Abbreviations: ACR, acute cellular rejection; BMI, body mass index; CAD, coronary artery disease; CLD-A1C, chronic liver disease Alc; Corr.
coeff., correlation coefficient; CX3CR1, C-X3-C motif chemokine receptor 1; GA, glycated albumin; HAT, hepatic artery thrombosis; HbAIC,
hemoglobin Alc; HCC, hepatocellular carcinoma; MBG, morning blood glucose; MELD, Model for End-Stage Liver Disease; NASH, nonalcobolic

steatohepatitis; POD, postoperative day; T2DM, type 2 diabetes mellitus.
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has been associated with a decrease in microvascular
complications(g’lo) and cardiovascular events''? in
individuals with type 2 diabetes mellitus (T2DM).
Elevated HbA1C levels have been directly correlated
with worse outcomes following vascular,’® coronary
artery bypass,(M_lg) colorectal,™” and arthroscopic(zo)
surgeries, including increased rates of superficial and
deep wound infections, major cardiovascular events,
and in-hospital mortality. With regard to solid organ
transplantation, elevated preoperative HbA1C levels
have been strongly associated with worse survival in
lung transplant recipients®" and with late onset cor-
onary artery disease (CAD) in the allograft of heart
transplant recipients.m)

The effect of aggressive glycemic management in
liver transplant candidates on posttransplant out-
comes has not been systematically evaluated. Because
it is dependent on erythrocyte lifespan, HbA1C has
been shown to be a less reliable marker of glucose
control in patients with hepatic dysfunction.®*¥
This is because nutritional deficiencies and vascular
shunting enhance erythrocyte survival and falsely ele-
vate HbA1C levels, while hypersplenism, gastrointes-
tinal bleeding, and hemolysis accelerate red blood cell
turnover, thereby reducing HbA1C values. Previous
studies have shown lower than expected HbA1C
levels in patients with chronic liver disease(zs’%);
this raises concern about the applicability of current
HbA1C recommendations in patients with impaired
liver function.

In the present study, we assess the predictive value
of preoperative HbA1C values on the outcomes of
liver transplant recipients and further examine the
effect of transplantation on the correlation between

blood glucose and HbA1C levels.
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Patients and Methods

A retrospective chart review was performed on 184
consecutive patients who underwent liver transplanta-
tion at the University of Cincinnati Medical Center
between August 2012 and March 2015. Over this time
period, a single stable team of four surgeons performed
all liver transplant operations, and all allografts were
from deceased donors. Biliary reconstruction was per-
tormed by end-to-end choledocho-choledochostomy.
Patients were excluded from the analysis if they did
not have an HbA1C level measured within 3 months
prior to liver transplantation (n=11). If more than
one HbA1C level was available, the result obtained
closest to the time of transplant was selected.

All patients received standard immunosuppression
consisting of corticosteroids, mycophenolate mofetil,
and a calcineurin inhibitor (primarily tacrolimus).
Goal trough levels for tacrolimus were 10 to 12 ng/
mL for postoperative days (PODs) 1 to 30, 8 to
10 ng/mL for PODs 31 to 180, and 3 to 8 ng/mL
thereafter. In patients who could not tolerate tacro-
limus, cyclosporine was substituted with goal trough
levels 150 to 200 ng/mL, 100 to 150 ng/mL, and 75
to 125 ng/mL, respectively. Mycophenolate mofetil
was initiated immediately posttransplantation at a
dose of 500 mg every 12 hours and continued indefi-
nitely. Corticosteroids were gradually withdrawn over
the first 3 months posttransplant according to the
following protocol: intravenous methylprednisolone
on PODs 0 to 3, oral prednisone taper from 50 to
20 mg daily over the first week to 10 mg daily over
the first month, and then gradually off by POD 90.
Liver recipients with impaired renal function or who
were on hemodialysis at the time of transplantation
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received thymoglobulin with delayed introduction of
tacrolimus starting on POD 7. Deviation from this
protocol due to drug side effects/toxicity, infection,
malignancy, or acute cellular rejection (ACR) was at
the discretion of the treating physician.

Patient outcome measures included death and/or
graft loss, hospital length of stay, reoperation (within
3 months of transplant), bile leak, biliary stricture, dis-
charge to home, hospital readmission rates at 3 months
and 1 year posttransplant, biopsy-proven ACR, cyto-
megalovirus viremia (by quantitative polymerase
chain reaction), bacteremia or fungemia (positive
blood culture), serum creatinine at 1 year (excluding
patients on hemodialysis), need for hemodialysis at
1 year, ongoing insulin requirement (at 3 months and
1 year), and body mass index (BMI) at 1 year. Patients
were considered to have an anastomotic biliary stric-
ture if endoscopic retrograde cholangiopancreatogra-
phy revealed an abnormal narrowing at the common
bile duct anastomosis and subsequently required stent
placement. Patients who died within 24 hours of
transplant (n =4) were censored from the outcome
analysis, except for survival calculations. Subgroup
analyses were performed on the recipient cohorts with
and without T2DM prior to transplantation. Patients
with hepatocellular carcinoma (HCC) were analyzed
according to their underlying disease in addition to
being analyzed as a separate cohort. In subjects who
had an available morning blood glucose (MBG;
defined as serum glucose drawn prior to 9 am) level
obtained within 3 months of both the pretransplant
and posttransplant HbA1C, levels were correlated
with the HbA1C. If more than one MBG was avail-
able, the median MBG value was used. This study was
approved by the University of Cincinnati institutional

review board (protocol CR4 2013-4309).

STATISTICS

Data were analyzed using a computer-based statis-
tical package (SSI SigmaStat; Systat Software, Inc.,
San Jose, CA). For normally distributed data, one-way
analysis of variance with Holm-Sidak post hoc anal-
ysis was used to correct for multiple hypothesis test-
ing. For data that were not normally distributed, we
used a nonparametric Kruskal-Wallis test. A Pearson
Product Moment test was used for correlations
between continuous variables. Multivariable analysis
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was performed by logistic regression that included
parameters with correlations of P < 0.10.

Results

DEMOGRAPHIC CORRELATES
OF T2DM IN LIVER TRANSPLANT
RECIPIENTS

Of the 184 patients who underwent liver transplan-
tation over the study period, 173 had a preoperative
HbA1C measured within 3 months of surgery and
were included in the analysis. Demographic informa-
tion for the entire cohort as well as data stratified by
presence or absence of pretransplant T2DM are shown
in Table 1. The main indications for liver transplanta-
tion were chronic hepatitis C, alcoholic liver disease,
nonalcoholic steatohepatitis (NASH), and/or HCC
(Fig. 1). Compared to recipients without diabetes,
those with T2DM were significantly older, more often
Caucasian, and more likely to have received a dual
organ (liver—kidney) transplant. Patients with T2DM
were also more likely to have CAD, higher HbA1C
levels, and NASH as the indication for transplant.
Median follow-up for the entire cohort was 2.1 years
(range, 0-3.8 years). Follow-up was slightly longer
in patients without T2DM compared to those with
T2DM (2.3 versus 1.8 years, P = 0.023).

OUTCOMES OF LIVER
TRANSPLANT IN RECIPIENTS
WITH AND WITHOUT T2DM

Liver transplant outcomes for the entire population
as well as for the cohorts with and without diabe-
tes are displayed in Table 2. Compared to recipients
without diabetes, those with T2DM had significantly
higher creatinine (1.36 versus 1.19 mg/dL, respec-
tively; P =0.012) and BMI values (30.1 versus 28.3;
P =0.030) 1 year posttransplant and were more likely
to develop an anastomotic biliary stricture (24.5%
versus 11.1%; P = 0.025). Notably, all biliary strictures
identified in the entire patient cohort were at the site
of the choledocho-choledochostomy anastomosis.
Patients with diabetes also had significantly higher
readmission rates within 3 months of transplanta-
tion (66.0% versus 48.7%; P = 0.041) and were more
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TABLE 1. DEMOGRAPHIC CHARACTERISTICS OF THE STUDY POPULATION

Subjects Without Diabetes
Characteristic (n; % of total) All Subjects (n = 173) (n=119) Subjects With Diabetes (n = 54) PValue
A. CATEGORICAL VARIABLES
Male 17 (67.6) 76 (63.9) 41 (75.9) 0.118
Ethnicity
Caucasian 148 (85.5) 96 (80.7) 52 (96.3) 0.007
Black 19 (11.0) 17 (14.3) 2(3.7) 0.040
Other 6 (3.5) 6 (5.0) 0 0.095
Indication for fransplant
Hepatitis C 61 (35.3) 46 (38.7) 15 (27.8) 0.167
Alcohol 59 (34.1) 45 (37.8) 14 (25.9) 0.128
NASH 37 (21.4) 10 (8.4) 27 (50.0) <0.001
HCC 40 (23.1) 31 (26.)) 9 (16.7) 0.177
Dual organ* 11 (6.4) 4(3.4) 7 (13.0) 0.017
Status 1A 2(1.2) 2(1.7) 0 0.344
Hemodialysis 34 (19.7) 21 (17.6) 13 (24.1) 0.327
CAD 14 (8.1 6 (5.0 8 (14.8) 0.030
DCD 12 (7.0) 6 (5.0 6 (111 0.162

Subjects Without Diabetes

All Subjects (n = 173) (n=119) Subjects With Diabetes (n = 54)

Characteristic Median Range Median Range Median Range PValue
B. QUANTITATIVE VARIABLES
Age 58.2 24.9-76.9 57.5 24.9-76.9 59.4 42.3-70.7 0.022
BMI 293 17.0-62.7 292 17.0-49.5 304 21.6-62.7 0.127
MELD (native) 22.0 6-40 23.0 6-40 215 8-24 0.332
HbAIC (%) 50 3.0-11.2 4.8 3.0-71 6.0 4.2-11.2 <0.001
Hemoglobin (g/dL) 9.8 6.4-17.5 9.7 6.4-17.5 10.3 71-16.3 0.332
Albumin (g/dL) 3.0 1.5-5.] 3.0 1.5-4.6 3.0 19-51 0.384
Creatinine* (mg/dL) 1.05 0.45-4.30 1.05 0.53-4.30 1.05 0.45-3.07 0.846
Total ischemia time (minutes) 366 119-922 361 119-922 373 150-756 0924
Warm ischemia time (minutes) 37 20-60 36 27-56 37 20-60 0.751
Follow-up (years) 21 0-3.8 2.3 0-3.8 1.8 0-3.8 0.023

*Patients who received a simultaneous liver—kidney transplant.

Patient listed at the highest priority for liver transplantation due to acute liver failure.

*Patients on hemodialysis excluded.
Abbreviation: DCD, donation after cardiac death.

likely to require insulin at both 3 months (97.9% ver-
sus 51.3%; P < 0.001) and 1 year (89.1% versus 8.0%;
P <0.001). We found no association between T2DM
and transplant-free survival, postoperative infection
(either bacterial, fungal, or viral), length of posttrans-
plant hospitalization, or re-operation rate.

CORRELATES OF
PRETRANSPLANT HbA1C LEVELS

In the total cohort, pretransplant HbA1C cor-
related with T2DM, age, BMI, CAD, serum albumin

and hemoglobin levels, and NASH as the indication
for transplantation (Table 3). The only factor nega-
tively associated with HbA1C was the native Model
for End-Stage Liver Disease (MELD). A correla-
tion between HbA1C and serum albumin was found
in both liver recipients with diabetes and recipients
without diabetes. In recipients with T2DM, HbA1C
also correlated directly with BMI and inversely with
native MELD and alcohol as an indication for trans-
plant. Unique to recipients without diabetes were

associations between pretransplant HbA1C and age,
hemoglobin level, and HCC.
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FIG. 1. Indications for liver transplantation. The percentage
of all liver recipients with each indication for transplantation
stratified by the presence (dark bars) or absence (gray bars) of
T2DM prior to transplant. Because some patients had more than
one indication, the total percentage exceeds 100. The category
“other” includes diagnoses comprising less than 2.5% of cases,
including chronic hepatitis B, primary sclerosing cholangitis,
primary biliary cholangitis, drug-induced liver disease, polycystic
liver disease, cryptogenic cirrhosis, hereditary hemochromatosis,
sarcoidosis, human immunodeficiency virus, chronic cellular
rejection, and primary graft nonfunction. *NASH as the
indication for transplant was significantly more common in
patients with T2DM (P < 0.001). Abbreviations: A1AT, alpha-
1-antitrypsin; AIH, autoimmune hepatitis; ALF, acute liver
failure; EtOH, ethanol; HCV, hepatitis C virus.

With regard to transplant outcomes in the entire
patient cohort (Table 4), pretransplant HbA1C cor-
related with anastomotic biliary stricture formation
(P=0.015), serum creatinine at 1year (P=0.013),
HbA1C levels at 3 months (P =0.019), and the need
for insulin therapy at both 3 months (P < 0.001) and
1year (P<0.001). These associations were mainly
attributable to the subgroup of patients with T2DM,
except for serum creatinine at 1 year, which correlated
with pretransplant HbA1C levels only in the sub-
group without diabetes (P = 0.005).

ASSOCIATION BETWEEN
PRETRANSPLANT HbA1C
AND ANASTOMOTIC BILIARY
STRICTURES

A significant correlation between pretransplant
HbA1C and anastomotic biliary stricture formation
(P=0.022) was confined to those recipients with
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T2DM (Fig. 2). Moreover, in the total cohort (Table 5),
univariate analysis confirmed a significant correlation
between anastomotic biliary stricture formation and
preoperative T2DM (P = 0.024) as well as with insulin
(P=0.011) and oral hypoglycemic therapy (P = 0.030).
By multivariable analysis, employing a model that
included patient age, BMI, T2DM, hemoglobin, serum
creatinine, dual organ transplant, native MELD, and
NASH as the indication for transplant, HbA1C was
identified as the only significant correlate of anasto-
motic biliary stricture formation (P =0.018). Patients
with HbA1C values in the highest quartile exhibited
a 2.6-fold increased risk of developing an anastomotic
biliary stricture compared with those in the lowest
quartile (28.6% versus 10.7%, respectively) (Fig. 3A).
In the subset of patients with T2DM (Table 5),
the two significant correlates of anastomotic biliary
stricture formation identified by univariable analy-
sis were pretransplant HbA1C level (P =0.022) and
warm ischemia time (P =0.026). However, on multi-
variable analysis (taking into account additional cor-
relates with P < 0.1, including dual organ transplant
and hemodialysis), only HbA1C remained signifi-
cantly associated with anastomotic stricture formation
(P =0.048). In support of this finding is the apparent
dose-dependent relationship between pretransplant
HbA1C and anastomotic biliary strictures in the
subgroup of liver recipients with diabetes (Fig. 3B).
Patients in the subgroup without diabetes also exhib-
ited a dose-dependent relationship between HbA1C
and biliary stricture formation when analyzed using
identical HbA1C ranges as the subgroup with T2DM
(Fig. 3C). Notably, total and warm ischemia times, as
well as the proportion of patients receiving a dona-
tion after cardiac death organ were similar between
patients with and without diabetes (Table 1A,B).
None of the patients with T2DM received a trans-
plant for acute liver failure or developed hepatic artery
thrombosis (HAT) following transplantation (Fig. 1;
Table 2A). There were no associations between anas-

tomotic biliary stricture formation and pre-operative
MELD score, recipient age, HAT, bile leak, or ACR.

CORRELATES OF RENAL
FUNCTION 1 YEAR AFTER LIVER
TRANSPLANTATION

Liver recipients with pretransplant T2DM man-
ifested significantly higher creatinine levels 1 year
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TABLE 2. COMPARISON OF OUTCOMES IN LIVER RECIPIENTS WITH ORWITHOUT

PRETRANSPLANT T2DM
Subjects Without Diabetes Subjects With Diabetes

Characteristic (n; % of total) All Subjects (n = 173) (n=119) (n=>54) PValue
A. CATEGORICAL VARIABLES

Death or refransplant 28 (16.2) 17 (14.3) 11 (20.4) 0.317

1-year transplant-free survival 154 (89.0) 108 (90.8) 46 (85.2) 0.280
Reoperation 62 (36.5) 45 (38.5) 17 (32.1) 0.426
Bile leak 20 (11.8) 13311 7(13.2) 0.697
Biliary stricture 26 (15.3) 13 (11.1) 13 (24.5) 0.025
HAT 7(40) 7 (6.0) 0 0.071

Discharged fo home 108 (65.5) 75 (65.2) 33 (66.0) 0.925
Readmission at 3 months 89 (539) 56 (48.7) 33 (66.0) 0.041

Readmission at 1 year 110 (67.5) 72 (63.2) 38 (77.6) 0.073
ACR 17 (10.0) 14 (12.0) 3(.7) 0.207
Bacteremia 40 (15.9) 19 (16.2) 8 (15.1) 0.852
Fungemia 7 (4.) 6(5.1) 1019 0.328
CMV viremia 13 (7.7) 8(6.8) 5(9.4) 0.559
Hemodialysis at 1 year 7 (4.4) 5@.4) 2@.9) 0.987

Insulin at 3 months 106 (65.0) 59 (51.3) 47 (97.9) <0.001

Insulin at 1 year 50 (31.4) 9(8.0) 41 (89.1) <0.001

Subjects Without Diabetes Subjects With Diabetes
All Subjects (n = 173) n=119) (n=54)

Characteristic Median Range Median Range Median Range PValue
B. QUANTITATIVE VARIABLES

Length of stay (days) 10 4-108 4-108 10 4-56 0.269
Creatinine at 1 year (mg/dL)* 1.22 0.60-3.89 119 0.60-3.75 1.36 0.70-3.89 0.012

HbATC at 3 months (%) 52 4.0-7.8 52 4.2-70 5.7 40-7.8 0.348
HbATC at 1 year (%) 5.4 43110 52 4.5-6.2 5.4 4.3-11.0 0.544
BMIat 1 year 28.7 17.5-46.5 28.3 17.5-46.5 30.1 21.6-42.1 0.030

*Patients on hemodialysis excluded.
Abbreviation: CMV, cytomegalovirus.

posttransplant compared to those without diabetes
(Table 2B) despite similar creatinine levels and rates
of hemodialysis at baseline (Table 1). Within the
entire cohort (Table 6), there were significant cor-
relations between serum creatinine at 1 year and both
baseline creatinine (P < 0.001) and age at transplanta-
tion (P =0.004). Additional correlates included CAD,
NASH as the indication for transplant, pretransplant
insulin requirement, and the pretransplant HbA1C
level. On multivariable analysis, taking into account
all univariate correlates with a P value <0.1, pretrans-
plant creatinine (P < 0.004) and age at transplantation
(P <0.02) were the only independent factors signifi-
cantly associated with 1-year posttransplant creati-
nine, both in the entire population as well as in the
subgroup with diabetes. In the subgroup with T2DM,
there was no correlation between 1-year serum

creatinine and either pretransplant or posttransplant
measures of diabetic control (e.g., HbA1C level, need
for insulin).

In the subgroup of patients without diabetes, there
was a significant association between pretransplant
HbA1C levels and creatinine at 1 year. This finding
was validated on multivariable analysis, demonstrat-
ing that male sex (P = 0.041), pretransplant creatinine
(P <0.001), and HbA1C (P = 0.01) were the only sig-

nificant correlates of 1-year creatinine.

CORRELATION OF HBA1C WITH
MBG LEVELS BEFORE AND AFTER
TRANSPLANTATION

In the entire cohort, 63 patients had both HbA1C
and MBG levels measured both before and after liver
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TABLE 3. DEMOGRAPHIC CORRELATES OF PRETRANSPLANT HbA1C LEVELS IN PATIENT'S
UNDERGOING LIVER TRANSPLANTATION

All Subjects (n = 173) Subjects Without Diabetes (n = 119) Subjects With Diabetes (n = 54)
Characteristic PValue Corr. coeff. PValue Corr. coeff. PValue Corr. coeff.
Age <0.001 0.254 0.018 0.216 0118
Alcohol 0.078 0.854 0.027 -0.301
HCC 0.099 0.003 0.269 0.909
NASH <0.001 0.283 0.815 0.107
MELD (native) 0.013 -0.189 0.142 0.043 -0.277
BMI 0.040 0.156 0.363 0.048 0.271
Hemoglobin 0.0066 0.206 0.031 0.198 0.069
Albumin <0.001 0.281 <0.001 0.349 0.033 0.291
T2DM <0.001 0.588
CAD 0.021 0.175 0.259 0.722

TABLE 4. LIVER TRANSPLANT OUTCOME ASSOCIATIONS WITH HBA1C

All Subjects (n=173) Subjects Without Diabetes (n = 119) Subjects With Diabetes (n = 54)
Characteristic PValue Corr. coeff. PValue Corr. coeff. PValue Corr. coeff.
Biliary stricture 0.015 0.187 0.274 0.022 0.315
Creatinine af 1 year 0.013 0.201 0.005 0.270 0.778
HbA1C at 3 months 0.019 0.413 0.879 0.031 0.680
Insulin at 3 months <0.001 0.495 0.297 <0.001 0.351
Insulin at 1 year <0.001 0.551 0.092 0.048 0.186

No T2DM T2DM
12 % 12 15 12 15
L] .

10 10 10 | T

oy : .
s 8 T 8 8
g 3 .
3 6 6 : 6
E | ]
I i
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4 4 A ’ ! 4
[ ] [ ]
5 P<0.001 ) P=NS 5 P=0.038
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Median: 4.8 6.0 4.8 4.7 5.85 6.50

FIG. 2. Comparison of pretransplant HbA1C levels in liver transplant recipients with and without T2DM and, within those subgroups,
patients who did or did not develop anastomotic biliary strictures. (A) Box (upper and lower quartiles) and whisker (farthest point
within 1.5 interquartile ranges from the median) plots comparing pretransplant HbA1C levels in liver transplant candidates who
carried the diagnosis of T2DM versus those who did not. The horizontal line reflects the median, and the dots reflect data points
that lie outside the 10th and 90th percentiles. Median HbA1C levels were significantly higher in those with T2DM. (B,C) Similar
plots comparing HbA1C levels in patients who did or did not develop anastomotic biliary strictures, stratified by the (B) absence or
(C) presence of T2DM, respectively. Median HbA1C levels (displayed below the graphs) were significantly associated with stricture

formation only in patients who carried the diagnosis of diabetes mellitus. Abbreviation: NS, not significant.
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TABLE 5. DEMOGRAPHIC ASSOCIATIONS WITH BILIARY STRICTURE FORMATION
All Subjects (n = 173) Subjects Without Diabetes (n = 119) Subjects With Diabetes (n = 54)

Characteristic PValue Corr. Coeff. PValue Corr. Coeff. PValue Corr. Coeff.
HbA1C 0.015 0.187 0.274 0.022 0.315
T2DM 0.024 0.173
Insulin therapy 0.011 0.196 0.187
Oral agent 0.030 0.166 0.390
Warm ischemia 0.219 0.020 0.909 -0.052 0.026 0.306
A
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e g
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0.0 - 0.0 -
<54 5.4-6.0 6.1-7.3 >7.3 <5.4 5460 6.1-7.3 >7.3

Quartile of HbA1C Quartile of HbA1C

FIG. 3. Proportion of liver transplant recipients who developed biliary anastomotic strictures as stratified by quartile of pretransplant
HbA1C. (A) Proportion of patients in the entire transplant cohort who developed an anastomotic biliary stricture plotted versus
quartile of pretransplant HbA1C. (B) Similar plot for the subgroup of patients with pretransplant diabetes mellitus (T2DM). (C)
Proportion of patients in the subgroup without diabetes who developed biliary strictures when stratified using the same quartile ranges
as for the subgroup with diabetes. Only 4 patients in the subgroup without diabetes manifested an HbA1C above 6.0% (highest value
7.1%), and none fell within the fourth quartile. Bars represent the mean (x SEM). *P = 0.037 versus all other quartiles.

transplantation. The demographics of this subgroup
mirrored that of the entire transplant cohort: 43 (73%)
were male individuals, 59 (94%) were Caucasian, and 28
(44%) carried the diagnosis of T2DM. Of the patients
with diabetes mellitus, 17 (61%) were using insulin,

8 (29%) were taking oral hypoglycemic agents, and 3

(11%) were managed by diet alone. The median age
at transplantation was 56.7 years (range, 17-71 years),
BMI 29.6 (range, 16-63), native MELD 22 (range,
6-40), and hemoglobin 10.4 g/dL (7.6-15.3 g/dL). By
univariate analysis, pretransplant MBG levels exhib-

ited a significant correlation with T2DM (P = 0.002),
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TABLE 6. CORRELATES OF SERUM CREATININEAT 1YEAR

All Subjects (n = 173)

Subjects Without Diabetes (n = 119)

Subjects With Diabetes (n = 54)

Characteristic PValue Corr. coeff. PValue Corr. coeff. PValue Corr. coeff.
Age (years) 0.004 0.235 0.077 0.027 0.334
Male 0.083 0.026 0.214 0.597

NASH 0.018 0.192 0.475 0.303

HCV 0.083 0.861 0.005 -0.412
T2DM 0.008 0.251

Insulin therapy <0.001 0.276 0.058 0.288
Oral agent 0.680 0.166 0.040 -0.311
HbAIC 0.013 0.201 0.005 0.270 0.778

Creatinine <0.001 0.348 0.002 0.317 <0.001 0.575
CAD 0.017 0.194 0.090 0.246

Hemodialysis 0.845 0.929 0.660

Insulin at 3 months 0.099 0.432 0.478

Insulin at T year 0.040 0.167 0.186 0.169

HbAIC at 3 months 0.067 -0.388 0114 0.238

HbAIC at 1 year 0.208 -0.256 0.293 0.202

Abbreviation: HCV, hepatitis C virus.

pretransplant BMI (P = 0.043), and the need for insu-
lin at 1year posttransplant (P =0.009). Although
there was a strong association between HbA1C and
median MBG levels both before and after transplan-
tation (P < 0.0001), the correlation was tighter (Fig. 4)
and HbA1C values higher (Fig. 5) posttransplant.
The improved correlation between HbA1C levels
and MBG posttransplant was more pronounced in
the cohort without diabetes (Fig. 6), as evidenced by a
significant increase in median HbA1C levels (Fig. 7).

Discussion
It is generally held that patients with diabe-

tes mellitus have poorer outcomes following solid
organ transplantation than those without diabetes.
In liver transplant recipients, however, findings have
been inconsistent, with some investigators reporting
reduced 3- to 5-year survival and increased infectious
and renal complications whereas others have shown
minimal impact on outcomes.”’ ¥ We speculate that
these discrepant results are due to several factors,
including the effectiveness of pretransplant and post-
transplant diabetic control, the duration of follow-up,
and differences in patient selection, surgical technique,
and medical management (both within and across
studies). In the present analysis, we found that liver
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FIG. 4. Correlation between HbA1C and MBG levels before and
after liver transplant. The median MBG is plotted against HbA1C
levels obtained within 3 months prior to liver transplantation
(gray symbols) and 1 year posttransplant (black symbols), with
each circle representing an individual patient. Lines represent
the results of linear regression analyses of pretransplant (dashed)
and posttransplant (solid) data. R? values were 0.30 and 0.42,
pretransplant and posttransplant, respectively. Results using
minimum or maximum MBG levels (instead of median MBG)
were highly concordant (data not shown).

recipients with a history of T2DM had generally good
outcomes although when compared to patients with-
out diabetes were more likely to be readmitted within
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FIG. 5. Comparison of HbA1C and blood glucose levels in liver
transplant recipients before and after transplantation. (A) Box
and whisker plot comparing pretransplant and posttransplant
HbA1C. (B) Similar analysis of median MBG levels. HbA1C
levels were significantly higher 1 year posttransplant (P = 0.035)
despite similar median MBG levels (P = NS). Abbreviations: NS,
not significant; Txp, transplant.

3 months of transplantation, to develop an anasto-
motic biliary stricture, and to have a higher BMI and
ongoing insulin requirement at 1 year. Consistent with
previous case-control studies,””*!) we also noted that
liver recipients with diabetes had significantly higher
creatinine levels 1 year posttransplant. The presence
of T2DM was not associated with nosocomial infec-
tions, length of stay, discharge disposition, or trans-
plant-free survival.

A potential reason for the discrepant outcome
data in previous reports for liver transplant recipients
with T2DM is that most analyses did not consider
the effect of pretransplant and posttransplant gly-
cemic control. Our study is the first to specifically
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FIG. 6. Effect of liver transplantation on the association between
HbA1C and MBG levels stratified by the presence or absence of
T2DM diagnosis. (A,B) Median MBG is plotted versus HbA1C
levels for (A) liver recipients with diabetes and (B) recipients
without diabetes, as described in Fig. 4. Pretransplant and
posttransplant R?values are 0.36 versus 0.23 and 0.34 versus 0.69,
respectively. All correlations are highly significant (P < 0.001).

examine the correlation between HbA1C levels and
liver transplant outcomes. The only prior investigation
to address the impact of preoperative glycemia was by
Katsura et al.,*” who found that a preoperative fast-
ing glucose of more than 100 mg/dL was associated
with reduced 5-year (but not 1-year or 3-year) sur-
vival. We identified very few short-term adverse out-
comes associated with pretransplant HbA1C in liver
recipients with diabetes, namely the development of
anastomotic biliary strictures and the need for insulin
at 3 months and at 1 year.

583



GRAY, SINGH, ZUCKER

12
o .
10 1 *
L ]
s [ ]
X 81
o : :
< 6]
a
I
4 °
L ]
2] 48 6.0 52 57 515 54
Pre-Txp After 3 Months After 1 Year

FIG. 7. Progression of HbAIC levels before and after
transplantation in liver recipients with and without T2DM.
Displayed is a box and whisker plot comparing pretransplant
and 3-month and 1l-year posttransplant HbA1C levels in the
entire transplant cohort, as stratified by the presence (white
boxes) or absence (gray boxes) of T2DM pretransplant. Median
HbAIC levels are displayed. *P < 0.005 versus all other groups.
Abbreviation: Txp, transplant.

Consistent with prior studies,””*" we found that

the serum creatinine at 1 year following liver trans-
plant was higher in recipients with T2DM. There was
no association with pretransplant or posttransplant
HDbA1C levels, suggesting that glycemic control is not
a major determinant of renal function early posttrans-
plant. Multivariable correlates of posttransplant creati-
nine were patient age and pretransplant creatinine level.
Although recipients with T2DM had similar creati-
nine levels to recipients without diabetes at the time of
transplant, those with diabetes were significantly older,
which could explain (at least in part) the higher 1-year
creatinine in this cohort. Patients with diabetes may
also be more susceptible to calcineurin inhibitor neph-
rotoxicity, but as all the subjects in our cohort received
calcineurin inhibitors, it was not possible to assess this
hypothesis. Counterintuitively, we found that post-
transplant creatinine strongly correlated with pretrans-
plant HbA1C levels in subjects without diabetes. We
speculate this is because HbA1C is serving as a marker
of undiagnosed diabetes mellitus in this cohort. Also
noteworthy is the strong association between HbA1C
levels and the diagnosis of HCC, a finding that is con-
cordant with a growing body of literature.*>®

Our most unexpected observation was the signif-
icant correlation between pretransplant HbA1C and
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the risk of anastomotic biliary stricture formation
in liver recipients with diabetes mellitus. Although
a number of donor and recipient factors have been
suggested to increase the risk of anastomotic stric-
tures,®”%®) this is the first description of an associa-
tion with glucose intolerance. The strong correlation
between biliary strictures and markers of diabetes as
well as the apparent dose dependency with pretrans-
plant HbA1C lend credence to the likelihood of a
substantive effect. The absence of a significant asso-
ciation between biliary strictures and the HbA1C
level 3 months and 1 year posttransplant suggests that
posttransplant glycemic control is not a major deter-
minate of stricture formation. In light of the well-es-
tablished microvascular complications of diabetes
mellitus, which are known to occur more commonly
in patients with elevated HbA1C,%? it seems plausi-
ble that such individuals would manifest an increased
susceptibility to local ischemia at the site of surgical
anastomosis. In support of this contention, Iacob et
al.“0 identified a strong correlation between bili-
ary stricture formation and the fractalkine receptor
C-X3-C motif chemokine receptor 1 (CX3CR1)-
24911 allele in a cohort of 162 liver transplant recip-
ients. CX3CR1 is the receptor for C-X3-C motif
chemokine ligand 1 (CX3CL1), a chemokine that
mediates angiogenesis.(41’42) Because the CX3CRI1
V2491 polymorphism disrupts CX3CL1 binding, the
IT genotype would be expected to manifest impaired
microvascular ingrowth, thereby augmenting the risk
of stricture formation. Indeed, the V2491 polymor-
phism has been associated with fibrostenotic disease
behavior in patients with Crohn’s disease.*” Because
individuals with T2DM have an increased frequency
of the V2491 polymorphism,*? we speculate that this
could contribute to a higher incidence of anastomotic
biliary strictures. If our finding is validated in other
liver transplant cohorts, it raises the possibility that
more aggressive preoperative glycemic control could
ameliorate the risk of anastomotic biliary stricture
formation.

Achievement of optimal blood glucose control in
patients awaiting liver transplantation is challenging
because the metabolic and hematologic derange-
ments associated with advanced liver disease reduce
the reliability of the most commonly employed long-
term measures of glycemia, including HbA1C,*26:%)
fructosamine,*® and glycated albumin (GA).>>4)
To address this problem, Koga et al.*® formulated
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a chronic liver disease A1C (CLD-A1C) compris-
ing the average of HbA1C and GA/3. Although
these authors showed that CLD-A1C demonstrated
improved accuracy over HbA1C or GA in estimat-
ing glycemic control in patients with cirrhosis, this
finding has yet to be validated in larger cohorts, and
thus the CLD-A1C has not been widely adopted.
Continuous glucose monitoring would provide more
accurate information regarding glycemic control in
patients with advanced liver disease but is not used
in routine practice. Our finding that HbA1C levels
are significantly lower in patients before liver trans-
plant versus those after liver transplant despite similar
blood glucose levels is in line with other reports.(23_26)
Notwithstanding the limitation of using MBG as a
surrogate for fasting glucose levels, our study demon-
strates that a robust correlation between HbA1C and
MBG persists in patients with advanced liver disease,
particularly in those with diabetes.

There are a number of limitations of the pres-
ent study. The relatively short duration of follow-up
(median 1.8 years for patients with T2DM) does not
permit reliable assessment of the effect of glycemic
control on longer term survival and cardiovascular
and renal complications. In comparison with national
averages, the transplant population at our center is
skewed toward Caucasians and lower MELD scores,
potentially impacting the generalizability of our find-
ings. Attempts were made to mitigate against selec-
tion bias by including all transplant recipients over the
study period. Because of the retrospective nature of
the study, we used MBG as a surrogate fasting blood
glucose (FBG). Despite potential shortcomings of this
approach, the correlation between MBG and HbA1C
were remarkably concordant with published data for
FBG and HbA1C. Although a smaller subset of liver
recipients was used to analyze the correlation between
MBG and HbA1C, this cohort had statistically sim-
ilar demographics to the entire study population. A
key strength of our analysis is that the team of sur-
geons and immunosuppression protocols were stable
and consistent throughout the study period, minimiz-
ing the impact of these factors on outcome measures.

In summary, although pretransplant HbA1C is
a relatively poor predictor of most short-term out-
comes of liver transplantation, recipients with higher
HbA1C levels appear to be at increased risk for biliary
stricture formation and long-term insulin requirement
posttransplant. It remains to be determined whether

GRAY, SINGH, ZUCKER

improved pretransplant and posttransplant glycemic
control can favorably impact these outcomes.
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