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Abstract

Background

Most prior studies characterizing post-transplantation diabetes mellitus (PTDM) have been
limited to single-cohort, single-organ studies. This retrospective study determined PTDM
across organs by comparing incidence and risk factors among 346 liver and 407 kidney
transplant recipients from a single center.

Methods

Univariate and multivariate regression-based analyses were conducted to determine asso-
ciation of various risk factors and PTDM in the two cohorts, as well as differences in gluco-
metrics and insulin use across time points.

Results

There was a higher incidence of PTDM among liver versus kidney transplant recipients
(80% vs. 19%) at 1-year post-transplant. Liver transplant recipients demonstrated a 337%
higher odds association to PTDM (OR 3.37, 95% CI (1.38-8.25), p<0.01). 1-month FBG
was higher in kidney patients (135 mg/dL vs 104 mg/dL; p <.01), while 1-month insulin use
was higher in liver patients (61% vs 27%, p < .01). Age, BMI, insulin use, and inpatient FBG
were also significantly associated with differential PTDM risk.

Conclusions

Kidney and liver transplant patients have different PTDM risk profiles, both in terms of abso-
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lute PTDM risk as well as time course of risk. Management of this population should better
reflect risk heterogeneity to short-term need for insulin therapy and potentially long-term
outcomes.
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Introduction

Health care providers face an important tradeoff in managing patients who have undergone
solid organ transplantation. Corticosteroids and immunosuppressive agents such as tacroli-
mus and sirolimus prevent graft rejection. However, these medications bring significantly
increased risk for development of impaired glucose tolerance and post-transplantation diabe-
tes mellitus (PTDM), also known as new onset diabetes after transplant (NODAT). PTDM is a
potentially serious complication of solid organ transplantation affecting patients without a
prior history of a diabetes diagnosis, leading to decreased graft function and survival, increased
risk of cardiovascular disease, and increased healthcare costs [1, 2].

Most clinical recommendations on PTDM emphasize the need for prevention of organ
rejection while maintaining standards of care for those who develop concurrent PTDM [3, 4].
However, the current literature leaves significant gaps in our understanding of PTDM and the
potential improvements we can make in its management. Recommendations on management
of PTDM [1, 5] do not vary by the type of solid organ transplanted even though evidence sug-
gests that the characteristics and outcomes of PTDM across organ sites are inconsistent. For
instance, incidence estimates of PTDM vary widely, ranging from 4-25% in kidney transplan-
tations, 2.5-25% in liver transplantations, and 4-40% in heart transplantations [4, 6-9]. These
wide ranges in estimates make it difficult to understand the true burden of PTDM, which can
potentially impact the 30,000 solid organ transplantations that take place in the United States
each year [10, 11]. The discrepancies in incidence have been attributed to changing definitions
of PTDM and preferred treatment strategies over time, patient follow-up time, and presence of
risk factors in available data sets, among others. For these reasons, it is likely that PTDM inci-
dence, and by extension, its burden on the healthcare system, is being under-estimated [12].

In recent years, availability of transplant patient data has allowed for analyses to better under-
stand the pre-transplant risk factors for PTDM [13-21]. However, these studies come from a wide
range of hospitals and health systems, and typically focus on a single organ cohort such as kidney
transplantations. However, the mechanism underlying PTDM, namely the use of immunosuppres-
sive agents in reducing rejection risk, also plays a major role in PTDM risk across other solid organ
transplantations. For institutions that are comprehensive solid organ transplant centers—ones that
perform more than one type of organ transplant—it is important to know how PTDM risk may
vary by organ type, and know the common and unique risk factors for PTDM, so that post-trans-
plant care can be planned. To this end, there has been no study comparing PTDM risk by type of
organ transplanted with the goal of motivating differential management in these populations.

We introduce a dataset of liver transplantation patients to complement a dataset of kidney
transplantation patients previously used in published analyses by Boloori et al. [22]. Together,
these datasets allow, for the first time, a comparison of data across transplant types from the
same medical institution with respect to PTDM risk and factors that might affect its incidence.
While similarities in PTDM features are expected due to common risk factors shared by all
solid organ types (e.g. obesity and immunosuppressant use), we aim to (a) characterize and
better understand any differences that may exist across these populations, and (b) identify
what these differences may imply for predicting PTDM risk or need for hyperglycemia ther-
apy. These, in turn, can shed light on strategies and potential for guideline-making that may be
effective in improving this patient population’s health outcomes [23].

Materials and methods

Study population

This was a retrospective study of a dataset compiled through a de-identified chart review with
IRB (Mayo Clinic IRB) approval (Continuing Review #: PR16-008236-03). One dataset
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consisted of 346 patients who underwent first time liver-only transplant between 2007 and
2012. Information collected on each patient included demographic data and medical history,
as well HbA1c, fasting blood glucose (FBG), and diabetes mellitus (DM) status pre-transplant
and at 1-, 4-, and 12-months post-transplant. In addition, we collected type of hypoglycemic
medication administered to each patient, type of immunosuppressant used, corticosteroid use,
and trough level of immunosuppressive agent at each time point post-transplant. We also uti-
lized a previously published data set of 407 kidney transplant patients who underwent trans-
plant between 1999 and 2006 at the same institution [24]. This data set included the nearly
same information as the liver data set. In some cases, variables were included in the kidney
dataset but not in the liver dataset due to differences in data collection protocol based on
organ type and information gained from extracting certain lab values. For example, status of
patients’ livers who are due for liver transplant alone would indicate abnormal values for cho-
lesterol and so variables such as cholesterol and triglyceride are not typically collected.

Summary of immunosuppression protocols

In renal transplants, the standard immunosuppression protocol is induction therapy with
either rabbit anti-thymocyte, immumoglobulin, or basiliximab. All patients typically receive a
5-day tapering course of glucocorticoids. Subsequently, most receive a steroid-free mainte-
nance immunosuppression using mycophenolate mofetil, and tacrolimus is instituted. For
patients undergoing a liver transplant, an immunosuppression protocol of intravenous corti-
costeroids, tacrolimus, and mycophenolate mofetil is used postoperatively. Corticosteroid
administration follows the regimen of 500 mg intravenous methylprednisolone preoperatively,
50 mg twice daily on postoperative day 0; and 25 mg twice daily on postoperative day 1, then
progressively tapered to a treatment stop by 4 months, but may continue in certain patients
with autoimmune hepatitis. Mycophenolate mofetil stops at four months unless the patient
has renal impairment.

Data validation and PTDM definition

Data were reviewed to remove significant outliers that indicated human error in data collec-
tion (e.g., lab values with a mis-placed decimal point), with only a minimal number (less than
1%) of observations removed from the dataset. In concordance with previous literature [5, 22],
we defined PTDM as patients who met at least one of the following three criteria: Fasting
blood glucose level > 126 mg/dL, hemoglobin (HbA1lc) > 6.5%, or use of insulin therapy.

Statistical analysis

We report means and standard deviations for available variables of interest determined as
those found in previous literature to be predictive of PTDM risk [22]. Differences in means
were tested for statistical significance using standard t-tests. Logistic regression models were
employed to describe the strength of association between these variables, as well as other treat-
ment decisions at the 1-month follow-up, and on PTDM incidence at any point over the
course of the first year after transplant. Our regression models adjust for age, sex, race, body
mass index (BMI), pre-transplant HbA ¢, transplant year, transplant donor status (living or
deceased), and type of organ transplanted. We also describe other outcomes of interest split by
organ type and by each follow-up period. These outcomes include percentage of patients clas-
sified as having PTDM (defined as having fasting blood glucose > 126 or HbAlc > 6.5) and
the percentage of patients on insulin, tacrolimus, and steroids.

A substantial percentage of both renal and liver transplant patients without preexisting DM
develop hyperglycemia while still hospitalized. Consequently, insulin is often required at
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discharge. For example, 87% of renal transplant patients included in this analysis without pre-
existing DM exhibited hyperglycemia while hospitalized, and 66% were discharged on insulin
[24]. Additionally, 90% of liver transplant patients from this cohort had hyperglycemia, and
59% required insulin at discharge [25]. Neither inpatient glycemic control nor insulin require-
ments while in the hospital have been considered in prior PTDM risk analyses. Therefore,
inpatient hyperglycemia and insulin use were included as variables in the analyses. Both the
patient stay mean glucose and the mean glucose 24h prior to admission were calculated as pre-
viously described [26]. Glucose data represent point-of-care (capillary measurements) per-
formed using the Accucheck Inform (Roche Diagnostics). Insulin use in the hospital was
obtained from the electronic medical record.

Results
Patient characteristics

Table 1 gives descriptive statistics on patients undergoing renal or liver transplant considering
only the patients in the study who did not have a prior history of diabetes (n = 291 and n = 250
for kidney and liver, respectively). From this total, 55 (19%) kidney patients and 76 (30%) liver
patients developed PTDM by the end of the 1-year follow-up. Univariate analysis demon-
strated several differences between the kidney and liver transplant groups. Those in the kidney
group were significantly younger, had fewer men, were less likely to be white, had less steroid
use at 1 month, and had less insulin use at 1 month (all p < .01). In addition, renal transplant
patients had lower BMI, had more live donors, had slightly but significantly higher HbAlc lev-
els pre-transplant, and lower patient stay mean glucose levels during the hospital stay following
transplant (all p < .01). The proportion of patients with liver and kidney transplant developing
PTDM was significantly different (p < .01) with liver patients more likely to develop PTDM.

Differences in timing of hyperglycemia incidence

Table 2 summarizes the eight different permutations of hyperglycemia (yes or no) that can be
obtained across the three follow-up visits. For example, column 1 represents the outcome of
“No-No-No” corresponding to a patient who was not hyperglycemic at any of the three

Table 1. Comparison of characteristics between renal and liver patients without pre-transplant diabetes.

Characteristic Kidney 95% Liver 95% p-value
(n=291) CI (n =250) CI
Age,y 49 (15) (47, 51) 54 (9) (53, 55) <.01
Male, % 56 (51, 62) 67 (61,73) <.01
White, % 71 (66, 76) 88 (84,92) <.01
Pre-transplant BMI, kg/m2 26.8 (5.6) (26.1,27.4) 28.2 (5.6) (27.5,28.9) <.01
Live donor (%) 68 (62,73) 22 (17,27) <.01
Pre-transplant HbAlc, % 5.4 (0.3)* (5.4,5.5) 5.2(0.5)° (5.1,5.3) <.01
Steroid Use at 1 month, % 47 (42, 53) 98 (97, 100) <.01
Insulin Use at 1 month, % 6 (3,9) 36 (30, 42) <.01
Inpatient mean glucose post-transplant, mg/dL 132 (19) (129, 134) 148 (17) (145, 150) <.01
Mean glucose 24 hours before hospital discharge, mg/dL 136 (39) (132, 141) 144 (28) (140, 148) <.01
Developed PTDM by 1 year, % 19 (14, 23) 30 (25, 36) <.01

Reported values are mean (SD) or percentages
*Available for 239 patients
® Available for 187 patients

https://doi.org/10.1371/journal.pone.0226873.t001
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Table 2. Number and percentage of liver and kidney transplantation patients satisfying criteria for all combinations of hyperglycemia outcomes at each follow-up.

Satisfying the criteria for hyperglycemia

Time 1 2 3 4 5 6
Month 1 No Yes No No Yes Yes
Month 4 No No Yes No Yes No
Month 12 No No No Yes No Yes
# of patients (%)
Kidney 191 (73.8) 16 (6.2) 8(3.1) 5(1.9) 9(3.5) 6(2.3)
Liver 103 (50) 36 (17.5) 5(2.4) 9(4.4) 20 (9.7) 5(2.4)

https://doi.org/10.1371/journal.pone.0226873.t002

21 (8.1)
21(10.2)

follow-ups. In other words, in Column 1, 191 patients (73.8%) obtained this outcome in the
kidney group compared to 103 (50%) in the liver group. Column 2 represents the “Yes-No-
No” outcome corresponding to a patient who was hyperglycemic at the 1-month follow-up
but not at either of the other follow-ups. Finally, column 8 represents the “Yes-Yes-Yes” out-
come of hyperglycemia at all three follow-ups. Compared to kidney transplant recipients, a
much lower percentage of liver transplant recipients did not meet the hyperglycemia criteria at
any of the 3 follow-ups (50% in liver vs 73.8% in kidney). Conversely 10.2% of liver recipients
met the criteria at all 3 follow-ups, compared to 8.1% of renal patients. Transient hyperglyce-

mia, that is hyperglycemia which only occurs in the immediate post-transplant period
(1-month) followed by remission, accounted for a large percentage of the difference, with
17.5% of liver patients meeting the criteria only in month 1 compared to 6.2% in the kidney
group. However, if transient hyperglycemia is not included in the analysis as suggested by the
2014 International Consensus Meeting [5], the percentage of patients who experience hyper-
glycemia during at least 1 follow-up is still higher in the liver population (31.5% in liver com-

pared to 20% in kidney).

Patterns and comparisons of glycemic measures

Fasting glucose and HbA1c values for patients who did not develop PTDM and those who did
are shown in Fig 1. Among patients who did not develop PTDM, fasting blood glucose levels
were significantly higher in kidney patients compared to liver patients at Imonth (p < .01),
while no difference was detected at 4 and 12 months. Mean glucose in the kidney transplant
group declined over the 1 year period (P < .01), while in the liver transplant patients, no signif-
icant change was found over time. HbAlc (Fig 1B) in the non-PTDM cohort were unchanged
across the follow-up periods. Mean (SD) HbA ¢ levels at the 4 month and 12 month follow up
periods were significantly lower among liver transplant patients compared to kidney trans-
plants: 5.3% (.05) vs 5.5% (.04) at 4 months (p < .01), and 5.4% (.05) vs 5.5% (.03) at 12 months
(p < .01). Mean HbA ¢ was not significantly different at the 1 month follow up (p =.09).
Fasting blood glucose values of patients who did develop PTDM increased over the follow-
up period in the liver group, but did not change significantly in the kidney transplant cohort
(Fig 1C). The 1 month, 4 month, and 12 month mean (SD) glucose values in the liver patients
were 104 mg/dL (20.32), 117 mg/dL (32.57), and 125 mg/dL (35.92), respectively (p < .01).
The average glucose values for the kidney cohort at the same time points were 136 mg/dL
(39.55), 143 mg/dL (19.3), and 124 mg/dL (25.60; p = .07). Glucose values were significantly
higher among kidney vs. liver transplant patients at 1-month only [135 mg/dL vs 104 mg/dL;
p < .01]. HbAlc in the PTDM population increased significantly over the 3 time points in
both the kidney (p =.01) and liver cohorts (p =.02). Mean HbA1c values were higher in the
kidney cohort at 4 months (6.1 vs 5.7, p < .01), but no significant difference was detected at 1

or 12 months (Fig 1D).
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Panel A: Fasting Blood Glucose (no PTDM) Panel B: HbA1c (no PTDM)
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Fig 1. Average fasting blood glucose (Panel A) and HbAlc (Panel B) at 1 month, 4 month, and 1 year follow-ups by transplant type for patients
without PTDM; Average fasting blood glucose (Panel C) and HbAlc (Panel D) at 1 month, 4 month, and 1 year follow-ups by transplant type for
patients with PTDM.

https://doi.org/10.1371/journal.pone.0226873.g001

Patterns of insulin therapy

Among patients who did not develop PTDM (Fig 2A), more liver transplant patients were on
insulin compared to the kidney transplant cohort at the 1 month follow-up, (26% vs 1%, p <
.01). Both groups were off insulin by months 4 and 12. In patients who developed PTDM (Fig
2B), insulin use was also higher among liver recipients compared to kidney patients (61% vs
27%, p < .01) at 1 month only. The percentage of patients on insulin in the liver group
decreased with 61% at 1 month, 57% at 4 months, and 28% at 12 months (p < .01) on insulin.
In the kidney group, insulin use again remained relatively constant with 27% at 1 month, 47%
at 4 months, and 31% at 12 months (p = .57).

Patterns of immunosuppressive therapy

Fig 3 demonstrates the use of tacrolimus, steroids, and sirolimus at each follow-up, split by
whether or not a patient was classified as hyperglycemic at that time. Compared to the kidney
cohort, the percentage of liver transplant patients on tacrolimus decreased faster over the 3 fol-
low-ups (92.8%, 85.6%, and 72.4% in liver vs 97%, 90.4%, and 84.6% in kidney). In addition,
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Fig 2. Percentage of transplant patients without (Panel A) and with (Panel B) PTDM taking insulin at 1, 4, and 12-month follow-ups.

https://doi.org/10.1371/journal.pone.0226873.9002

the percentage of patients on tacrolimus with hyperglycemia was consistently higher in the
liver cohort (42.4%, 26.6%, and 21% vs 17.3%, 9.5%, and 12.1%) than the kidney group.

Liver transplantation protocols called for tapering off of steroids by 4 months. While 93.6%
of liver patients were on steroids at 1 montbh, this percentage dropped to just 14% at 4 months
and 3.6% at 1 year. This contrasts steroid use in the kidney group in which steroid use was rela-
tively stable at all 3 follow-ups (47.3%, 48.6%, and 45.5%). Among patients on steroids, the per-
centage with hyperglycemia decreased in the kidney cohort (21.7%, 10.6%, and 11.3%), while
hyperglycemia in liver transplant steroid users increased over from 1 month to 1 year (41.9%,
37.1%, and 44.4%).

Predictors of PTDM

Finally, an adjusted analysis was conducted (Table 3) to determine variables associated with
developing PTDM by 1 year of follow-up for liver transplant patients. The variables that were
significantly associated with PTDM diagnosis were age, BMI, type of organ transplanted, insu-
lin use at 1 month, patient stay mean glucose in the hospital, and blood glucose 24 hours before
discharge. For every 5-year increase in age, the odds of PTDM developing by 1-year post-
transplant increased 21% (OR 1.21, 95% CI 1.08-1.35, p < .01). A unit increase in BMI
increased the odds of PTDM by 5% (OR 1.05, 95% CI 1.01-1.10, p = .02). Use of insulin at 1
month posttransplant was associated with an increased odds of PTDM by 576% (OR 5.76, 95%
CI 3.18-10.42, p < .01), while use of steroids, tacrolimus, and sirolimus at 1 month had no
effect on PTDM odds. Inpatient glucometrics were strong predictors of eventual PTDM devel-
opment. For every 10 mg/dL increase in patient stay mean glucose, the odds of developing
PTDM increased by 32% (OR 1.32, 95% CI 1.15-1.51, p = < .01), and for every 10 mg/dL
increase in mean glucose 24h prior to discharge, the risk increased by 15% (OR 1.15, 95% CI
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Fig 3. Number of liver and kidney transplantation patients who used immunosuppressive agents at 1,4, and 12 months, split by having
hyperglycemia (HG) or not at each follow-up.

https://doi.org/10.1371/journal.pone.0226873.9003

Table 3. Logistic regression coefficients for association between patient characteristics/treatment and probability
of PTDM diagnosis in first year after transplant.

Variable Adjusted Odds Ratios 95% CI P-value
Age, per 5 years 1.21 1.08-1.35 <.01
BMI, kg/m2 1.05 1.01-1.10 .02
Race (White) .60 .33-1.10 .10
Male (vs. Female) 1.41 .85-2.33 18
Live Donor (vs. Deceased) 0.97 .57-1.66 92
Liver (vs. Kidney) 3.37 1.38-8.25 <.01
Pre-transplant HbAlc (pre-transplant), % .90 .51-1.57 71
Tacrolimus Use at 1 month (vs. no use) 3.04 .30-30.41 34
Sirolimus Use at 1 month (vs. no use) 1.51 .13-16.83 74
Steroid Use at 1 month (vs. no use) 1.44 .70-2.96 32
Insulin Use at Imonth (vs. no use) 5.76 3.18-10.42 <.01
Inpatient mean glucose post-transplant, per 10 mg/dL 1.32 1.15-1.51 <.01
Mean glucose 24 hours before hospital discharge, per 10 mg/dL 1.15 1.07-1.24 <.01
Transplant Year (vs. 1999) .88 .77-1.01 .06

Note: Adjusted models control for available pre-transplant patient characteristics (age, sex, race, BMI, donor status,
pre-transplant HbAlc, transplant year, and transplant type)

https://doi.org/10.1371/journal.pone.0226873.t003
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1.07-1.24, p = < .01). Finally, having a liver transplant was associated with a 337% increase
(OR 3.37,95% CI 1.38-8.25, p = < .01) in odds of PTDM. Race, pre-transplant HbAlc, and
gender were not predictors of PTDM development. The risk was also equivalent whether
donor was living or deceased (Table 3).

Discussion

All patients undergoing solid organ transplant without a prior history of DM are at risk of
developing PTDM. This risk results from a combination of traditional factors (e.g., obesity,
race/ethnicity) and immunosuppressant medications known to affect glucose metabolism [27,
28]. Once PTDM develops, these patients would then be classified and managed under the
same standards as anyone with diabetes. These standards include the potential need for phar-
macological agents to control hyperglycemia to appropriate targets, diabetes self-management
education (DSME), performance of self-monitoring of blood glucose (SMBG), and interven-
tions to reduce risk of micro- and macrovascular complications [29]. Given the complexity of
diabetes care, and that provision of DSME requires investment of manhours by specially
trained practitioners (e.g. certified diabetes educators), understanding who might develop
PTDM is essential for appropriate allocation of health care resources.

Most studies of PTDM in kidney and liver transplant patients have typically involved analy-
ses of the single organ. To the authors’ knowledge, a comparative study of liver and kidney
transplants with regards to PTDM has not been undertaken. The time course for development
of PTDM may not be identical between the two, and insulin needs may differ over the short
term (1-year) follow-up. Understanding any potential differences can shed insight into how to
modify treatment and follow-up algorithms according to the transplant type. Prior analysis by
Boloori at al. [22] demonstrated a variety of PTDM features in kidney transplantation patients.
Using a newly available dataset from the same institution on liver transplantation patients
enabled a more comparable characterization of similarities and differences across liver and
kidney transplant populations.

The analyses demonstrated significant differences in PTDM risk between the two trans-
plant populations. Liver transplant recipients had a 337% greater odds of developing PTDM
compared to kidney recipients. There are multiple possible reasons for the differential risk
between kidney and liver transplantations that warrant further investigation. First, steroid pro-
tocols differ for liver transplant patients compared to renal patients which may impact hyper-
glycemic effects. Secondly, there may be inherent differences in glucose metabolism between
kidney and liver transplant recipients which are not accounted for in this analysis. Finally, life-
style differences may exist between these populations as a result of different recovery times
from transplant allowing for modifications in diet/exercise.

Different patterns of hyperglycemia were also noted. Glucose levels were highest at 1
month in the kidney transplant group, and then declined thereafter. In the liver cohort, glucose
values did not change over the follow-up time period. These differences in glucose between the
two transplant cohorts may well have been due to their respective immunosuppression proto-
cols. We also demonstrated large differences in the time course and remitting/relapsing nature
of hyperglycemia between kidney and liver transplant patients. This analysis illustrates further
the complex nature of post-transplant hyperglycemic and the need to better understand how
the diabetogenic effects of immunosuppressive drugs impact short terms changes in glycemic
control.

In the adjusted analysis, insulin use at 1 month was predictive of PTDM risk. The propor-
tion of patients on insulin differed between the kidney and liver transplant patients. Among
patients who did not develop PTDM, both renal and liver cohorts were able to discontinue
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insulin after 1 month post-transplant. A similar percentage of renal transplant patients who
did have PTDM remained on insulin therapy across the three follow-up periods, while the pro-
portioned declined in liver patients. The reason underlying these different proportions of insu-
lin use cannot be ascertained from this analysis. In addition to HbA1lc and blood glucose
values, insulin therapy in the outpatient setting is driven by results and patterns of SMBG,
which are not available here. It should be noted, however, that both groups had around 30% of
recipients on insulin therapy at 1-year, meaning a majority of recipients had their PTDM ade-
quately managed without antidiabetic agents, potentially through diet and exercise.

In 2014, the International Consensus Meeting on Post-transplantation Diabetes Mellitus
published recommendations and future direction on dealing with PTDM in the medical com-
munity [5]. Among their suggestions was potential expansion of screening for PTDM using
strategies such as glucose monitoring, and HbAlc measurement in the early post-transplant
period. In addition, oral glucose tolerance tests (OGTT) represent another option to poten-
tially prevent misdiagnosis prior to transplant, although they are more cumbersome to per-
form and are not routinely done in the clinical setting. Moreover, given the time span that can
occur between an initial transplant evaluation and day of transplant, the original OGTT may
no longer reflect the current glucose tolerance status. Inpatient glucometrics have typically not
been included when examining the risk of PTDM. The inpatient setting immediately following
a transplant represents an early opportunity to identify those at risk for PTDM so that DSME
can be implemented. DSME encompasses skills such as how to conduct SMBG, how to recog-
nize hypoglycemia, and insulin administration technique. Both the patient stay mean glucose
and the mean glucose late in the hospital stay (24 hours prior to discharge) were significantly
associated with the odds of developing PTDM in this analysis. Moreover, as cited previously,
the majority of kidney and liver transplant patients without a prior history of DM are dis-
charged on insulin. Together, this data affirms the need to invest hospital resources to assure
that DSME is conducted prior to discharge. Controlling inpatient hyperglycemia could be a
modifiable risk factor, however, whether doing so reduces PTDM risk is not known.

There are limitations of this study that should be noted. First, the sample size of patients
who developed PTDM may be underpowered to detect some of the significant differences in
outcomes in the time points where no significant difference was detected. Previous analysis by
Boloori et al. [22], which analyzed kidney data only, utilized an imputation method to account
for missing values and increase sample size. However, we chose to use raw data for both kidney
and liver analyses to ensure validity of direct comparison. In some cases, the differences that
were detected as statistically significant may not be clinically meaningful. Second, these data
were collected from a single medical institution in the United States and may not be represen-
tative of hospitals in the United States as a whole. Thus, findings should not be generalized at
this time. The analysis also uses retrospective data which is not always fully collected with spe-
cific analyses in mind. For example, indications for transplantation and known risk factors for
DM such as presence of the hepatitis C virus (HCV) or alcoholism were not available for use
in this study. Further studies should look at how changing trends in transplantation indication
may impact these comparisons. On the other hand, many typical risk factor variables found in
PTDM literature are included. Data collection differences between organs did not allow for
exact comparisons between the two organs. As a result, we rely on assumptions such as the use
of insulin therapy as a proxy for a PTDM diagnosis. Using the findings from this analysis to
see how well the identified characteristics predict PTDM prospectively could be a possible next
step.

These results provide the first evidence to support differential guideline-making and man-
agement between kidney and liver transplant patients to reflect differences in both the risk fac-
tors and timeline at which patients may be at risk to develop PTDM. Furthermore, these
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findings highlight the need for further investigation of PTDM features and outcomes across
other transplanted organs, as well as novel strategies to manage PTDM risk. In addition,
potential effectiveness of screening strategies to better diagnose and monitor glucose intoler-
ance in this population should be explored. It is likely that hospitals across the United States
would benefit from standardization of protocols that optimize PTDM risk management in this
patient population to minimize likelihood of poor diabetes outcomes while maximizing the
health of the transplanted organ.
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