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Aim: Current monitoring practices fail to diagnose patients with post-transplant hyperglycaemia and
tend to delay initiation of treatment, which potentially results in adverse graft and morbidity outcomes.
This real-world study set out to assess the impact on insulin resistance indices of a new clinical pathway
for diagnosis and treatment of hyperglycaemia following renal transplantation.
Methods: A hundred and forty-seven adult renal transplant recipients, without pre-existing diabetes,
from a single centre were included. Patients transplanted between January 2008 to September 2015
formed the historical cohort. Patients transplanted between October 2015 and February 2018 were
subject to a new clinical pathway - if they had fasting blood sugar levels more than 7 mmol/L or random
blood glucose levels more than 11.1 mmol/L, they had early introduction of oral therapy, using the DPP-4
inhibitor linagliptin.
Results: In the historical cohort, 19.8% were diagnosed with PTDM, compared to 46.3% in the protocol
cohort. Amongst patients with PTDM, there was a significant difference in HOMA-IR (p = 0.02) between
the historical cohort (median HOMA-IR 3.33) and the protocol cohort (median HOMA-IR 2.21). There was
a significant difference at each time point (0,1,2-h measurements) of blood glucose levels form oral
glucose tolerance testing between patients with and without PTDM in the historical cohort (p <0.001),
but no difference between patients in the protocol cohort.
Conclusion: Detection of PTDM was higher with the new clinical pathway. Early treatment of hyper-
glycaemia resulted in better insulin resistance scores. Larger prospective controlled studies focussing on
early detection and management of PTDM with linagliptin are warranted.

Crown Copyright © 2019 Published by Elsevier Ltd on behalf of Diabetes India. All rights reserved.

1. Introduction

resistance and exhibit direct toxicity to beta cells [2,3]. PTDM is
associated with an increased risk of all-cause cardiovascular mor-

Post-transplant diabetes mellitus (PTDM) occurs in up to 50% of
solid organ transplant recipients within the first year [1,2]. In
addition to traditional risk factors for diabetes such as obesity and
family history, the use of immunosuppressants including cortico-
steroids and calcineurin inhibitors (CNIs) increase insulin
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tality and risk of acute rejection [4,5]. Inadequate surveillance and
reliance on morning rather than peak BGLs can result in under-
detection of diabetic range BGLs and delayed treatment, as
proved by the peak effect of steroids and greater post-prandial ef-
fects in the afternoon [6].

PTDM is traditionally managed with lifestyle modifications and
optimization of immunosuppressants (where possible), followed
by metformin or sulphonylureas, then escalation to insulin therapy
[7]. Recent consensus guidelines suggest the use of insulin as first
line treatment for early post-transplant hyperglycaemia [8]. How-
ever, patients may be reluctant to use injectable agents, and there
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are additional economic and time costs involved with the admin-
istration, education and monitoring for side effects [9]. The com-
bination of insulin and steroids may result in a vicious cycle of
weight gain and increasing insulin resistance [10,11]. As beta-cell
failure is a prominent component of PTDM, early treatment may
minimize beta-cell stress and protect against the development of
PTDM [1,12—14]. Dipeptidyl-peptidase 4 (DPP-4) inhibitors poten-
tiate incretin function, inhibit glucagon release and increase insulin
secretion and are not associated with the same hypoglycaemia risks
of sulfonylureas. In pre-clinical models, DPP-4 inhibitors have
demonstrated efficacy in preserving beta cell function under stress
[15]. Thus, the use of DPP-4 inhibitors could offset the CNI-induced
toxic effect on beta cells and improve insulin resistance. Linagliptin
is a DPP-4 inhibitor that does not have the side effects associated
with insulin or metformin use, and does not require dose adjust-
ment with reduced renal function as is commonly seen in the early
post-transplant setting [16].

We commenced a programme of surveillance for elevated blood
glucose levels (Fig. 1) in our transplant unit with early introduction
of linagliptin for PTDM. We used BGLs, oral glucose tolerance test
(OGTT) results and HOMA scores to compare the effect of linagliptin
to conventional therapy using a historical cohort of patients from
our unit managed under the same immunosuppressive protocols.

2. Research design and methods

The purpose of this retrospective cohort study was to assess
whether intensive surveillance for elevated BGLs post-transplant
and early introduction of oral anti-diabetic therapy was effective
in the management of PTDM and reduced B cell toxicity. The project
was approved by the Sir Charles Gairdner and Osborne Park Health
Care Group (HREC 2015-057). This protocol introduced more
intense monitoring than previously and emphasized afternoon
measurements of BGLs, to improve detection of peak glucose levels,
which occur between 2 and 4pm [6].

2.1. Study population

All patients who had received a renal transplant between
October 2015 and February 2018 were included in the new clinical
pathway during their hospital stay and in clinics post-discharge,
and formed the “protocol cohort”. Patients were diagnosed with
PTDM if they had more than two readings of a fasting blood glucose
level (fBGL) of >7 mmol/L or random blood glucose levels of
>111 mmol/L at least 48 h post-transplantation. These patients
were commenced on linagliptin 5 mg as illustrated in Fig. 1. Patients
who remained hyperglycaemic on linagliptin therapy had addi-
tional medications added as per the protocol in Fig. 1. OGTTs were
performed 3 months -post-transplantation.

All patients who were transplanted between January 2008 and
September 2015 (including patients from the study by Rosetten-
stein et al.) [17] formed the “historical cohort”. These patients had
been given conventional treatment (e.g. metformin, insulin, sul-
phonylureas) if PTDM had been detected usually based on morning
fBGLs as per the American Diabetes Association criteria, Each group
was subdivided into patients who had PTDM diagnosed within a
year of transplantation and those who did not. The immunosup-
pression regimen with Basiliximab™ & methylprednisolone in-
duction and prednisolone, tacrolimus and Myfortic™ maintenance
remained unchanged between 2008 and 2018. Target tacrolimus
levels for all patients was set to 8—12 in the first month, then 5—10
thereafter. Patients who had not had an OGTT performed within 1
year of transplantation, did not have clinic letters or details on
history of diabetes, development of PTDM or medications lists were
excluded from this study (Fig. 2).

2.2. Data collection

Data were collected from paper and electronic health care re-
cords. Baseline patient characteristics included age, gender, body
mass index (BMI, defined as weight (kg)/height (m) [2]), cause of
end-stage renal disease; donor characteristics included type of
donor (living, or deceased and whether they were an extended
criteria donor) and transplant-related characteristics including
transplant date and age at transplantation. For blood glucose re-
cords, fasting insulin and BGL, and 1-h and 2-h BGLs after a 75 g oral
glucose load were extracted from OGTT results.

HOMA-IR scores were calculated with the formula [18,19]:

fasting glucose (mmol/litre) x fastinginsulin (units)

HOMA-IR= 225

HOMA-f percentages were calculated with the formula:

(20 x fasting insulin (units))

HOMA - = (fasting glucose (mmol/litre) — 3.5) *

2.3. Statistical analysis

Subject data was divided into a historical cohort (before October
2015) and a protocol cohort (October 2015 onwards). Patients in
each cohort were divided into those with PTDM and those without.
For each patient, fasting insulin level, and BGL measurements at
baseline (fasting), 1- and 2-h at approximately 3 months post-
transplantation. Descriptive statistics were based on frequency
distributions for categorical data and means and standard de-
viations or medians, inter-quartile-ranges, and ranges for contin-
uous data, depending on normality. Univariate analysis between
groups included y [2] and Fisher Exact tests, as appropriate, for
categorical comparisons, and one-way ANOVA or non-parametric
Mann-Whitney U or Kruskall-Wallis tests for comparison of
continuous outcomes. Non-parametric Spearman's Rho correlation
coefficients were used to describe the correlations between fBGLs
and HOMA B% at baseline. Linear mixed models incorporating
random subject effects were used to examine differences in BGL
measurements between and within groups over time. Results were
summarised as predicted marginal means and corresponding 95%
confidence intervals. Statistical analysis conducted and Fig. 3
created using Stata 15.0 (StataCorp LLC, College Station, Texas). All
hypothesis tests were 2-sided, and a P values of <0.05 were
considered statistically significant.

3. Results

Of the 482 patients who had received a renal transplant be-
tween 2008 and 2018, 147 met inclusion criteria for the review and
had the required clinical and biochemical details available. 106
patients formed the historical cohort and 41 patients formed the
protocol cohort. In the historical cohort, 21 patients (19.8%) were
diagnosed with PTDM. In the protocol cohort, 19 patients (46.3%)
were diagnosed with PTDM (Table 1).

The average age of patients was 51.5 years, with 87 males
(59.2%). The average pre-transplant body mass index (BMI) was
27 kg/m?. There was no significant difference between age, sex or
BMI between the 4 groups (p =0.51, p=0.32 and p = 0.14 respec-
tively). Ninety-seven patients (66%) received a kidney from a
deceased donor. There was no significant difference in the donor
type between the groups (p = 0.22).

For those diagnosed with PTDM, the median time to OGTT in the
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POST-TRANSPLANT DIABETES MELLITUS (PTDM)
EARLY DETECTION AND TREATMENT

RENAL TRANSPLANT

PTDM
Fasting BGL*>7 OR Random BGL >11.1
Commence treatment

v

Refer to Diabetes Clinical Nurse Consultant
Commence Diabetes Care Plan

v

Linagliptin 5mg
BGL in target range (5-10) .
Continue therapy BGL NOT in target range (>10)
GFR <30 GFR =30
In addition to linagliptin In addition to linagliptin
Gliclazide 30mg (MRY) Metformin g (MRT)

v v

BGL NOT in target range (>10)

v

Commence insulin (basal/bolus)
Glargine/Aspart

*BGL: blood glucose levels in mmol/L
TMR: modified release

INSTRUCTIONS FOR NURSING AND MEDICAL STAFF

*  “Insulin Subcutaneous Order and Blood Glucose Record - Adult” MR846 to be used for BGL

monitoring

* Timing of blood glucose monitoring pre-meals & bedtime (4 times a day):

0730 - 0800 hours
1200 - 1230 hours

o O O o

2100 - 2130 hours

1400 - 1600 hours (peak time for BGL rise in PTDM)

« IfBGL <5 and on treatment, notify Medical Team - reduce dose of insulin or cease most recently

started agent

Fig. 1. Protocol for management of patients post renal transplant with high blood glucose measurements.

historical cohort was 93 days post-transplantation and in the pro-
tocol group, 95 days post-transplantation. There was no significant
difference between the groups overall or within cohorts. Linagliptin
was started a median of 90 days post-transplantation. Six of the 19
patients required an additional agent in the protocol group
(Table 2).

The median HOMA-IR scores were 1.64 and 1.86 in the historical
and protocol groups without PTDM respectively. Amongst patients
with PTDM, the median HOMA-IR in the historical group was 3.33

vs 2.21 in the protocol group (p = 0.02). In the historical cohort, the
median HOMA-$ was 110% for patients without PTDM, and 81% for
those with. In the protocol cohort, these were 101% and 100%
respectively. There was no significant difference between the pro-
tocol and historical groups for patients who had PTDM (p = 0.27).

When the individual blood glucose results from OGTT samples
were measured, there was a significant difference at each time
point (0,1,2-h measurements) between patients with and without
PTDM in the historical cohort (p<0.001), but no difference
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Adults transplanted between
2008 & 2018
n =482

Historical Cohort
January 2008 — September 2015
n=106

PTDM
n=21

No PTDM
n=85

\\ October 2015 — February 2018

n =147

Excluded — Pre-existing DM /
Insufficient clinical details
n =335

Protocol Cohort

n=41
PTDM No PTDM
n=19 n=22

N\

Linagliptin Monotherapy
n=13

Linagliptin + Other Oral Therapy
n=6

Fig. 2. Study population flowchart.

blood sugar level

T T T
baseline 1 hr 2hr
time

——e— No PTDM historical
—&—— No PTDM new protocol

——@&—— PTDM historical
——&—— PTDM new protocol

Fig. 3. Oral glucose tolerance test: blood sugar results at fasting, 1-h and 2-h time
points for each cohort and sub-group of patients with fixed portion linear prediction
applied. Higer values demonstrate worse control of blood sugar levels.

between patients in the protocol cohort (p =0.67, 0.94 and 0.29
respectively, Table 1, Fig. 3).

4. Discussion

With the high rates of hyperglycaemia post-transplant (up to
50% of recipients diagnosed with PTDM). The diagnosis of PTDM in
the post-transplant setting is controversial. The American Diabetes
Association Guidelines defines it as hyperglycaemia after the initial
6 months post-transplantation [11]. Furthermore, the lack of

longitudinal data in transplant recipients has resulted in different
approaches to PTDM (non-pharmacological measures, insulin
treatment, oral agents). One could question the need for treatment
of hyperglycaemia in the early phase post-transplantation. How-
ever, from general population studies, we know that early treat-
ment of at-risk patients with pharmacotherapy reduced further
incidence of diabetes, improved insulin sensitivity and this in turn
has a legacy effect, as seen in the UKPDS trial [20,21]. For these
reasons, this study was undertaken to assess the benefits of
increased surveillance and early treatment with an oral agent.

Traditional oral agents, such as metformin and gliclazide require
dose adjustment for renal function (which varies in the initial post-
transplant period) and have significant side effects including
gastro-intestinal upset and hypoglycaemia. Vildagliptin, a DPP-4
inhibitor, has been shown to improve B-cell function in PTDM
[22] and sitagliptin has been shown to improve HbA1lc in kidney
transplant recipients [23]. However, linagliptin is the only DPP-4
inhibitor that doesn't require dose adjustment in renal impair-
ment but there is limited evidence of its efficacy in this population.
A single retrospective study of linagliptin in India found it to be well
tolerated and effective for glycaemic control in PTDM [24]. For
these reasons, we chose to use linagliptin in the protocol cohort in
our study.

A consensus statement in 2014 concluded that HbA1c would not
be sensitive enough to rule out PTDM in the early post-transplant
period, and that the OGTT has been long used in the general pop-
ulation and a predictor for long term outcomes [8]. As such we used
OGTT in place of HbAlc in our study. Homeostatic model of
assessment insulin resistance (HOMA-IR) and B-cell mass function
(HOMA-B) scores are derived from OGTT results, have been used
widely in the literature to determine insulin resistance, and
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Table 1
Descriptive summary of patients included in the study of demographics, donor type, duration post-transplantation, HOMA IR and B results.
N =147 Historical cohort* Protocol cohort** p p* p**  p#
No PTDM n =85 PTDM n=21 No PTDM n=22 PIDM n=19
n (%) n (%) n (%) n (%)
Sex missing n=3 M 53 (63.9) 11 (52.4) 10 (45.5) 13 (68.4) 0318 0236 0.122 0.239
F 30(36.1) 10 (47.6) 12 (54.5) 6 (31.6)
Donor Unknown 2 (2.4) 1(4.8) 1(4.5) 0 (0.0) 0.015 0.877 0.287 0215
AKX 1(12) 0(0.0) 0(0.0) 0(0.0)
DBD 15 (17.6) 6(28.6) 13 (59.1) 6 (31.6)
DCD 23 (27.1) 5(22.7) 2(9.1) 4(21.1)
DCD LK 2 (2.4) 0(0.0) 0(0.0) 0(0.0)
DD 16 (18.8) 3(14.3) 0(0.0) 0(0.0)
ECD 0(0.0) 0(0.0) 0(0.0) 2(10.5)
LRD 17 (20.0) 5(23.8) 3(13.6) 3(15.8)
LURD  9(10.6) 1(4.8) 3(13.6) 4(21.1)

Age* mean (sd) [min-max] 49.7 (11.9) [22—-73]

missing n=2

532 (9.9) [31-73]

52.9 (13.5) [18—74] 50.3 (12.4) [16—68] 0.505 0.206 0.520 0.406

Days post-transplant OGTT done* med 90 (90, 91) [64—178] 93 (90, 100) 98 (89, 113) 95 (83, 135) 0.144 0492 0.666 0.486
(IQR) [min-max] [71-161] [81-322] [76—-254]

HOMA IR* med (IQR) [min-max] 1.64 (1.09, 2.16) [0.37 3.33 (1.98, 4.12) 1.86 (1.22, 2.38) 221(1.33,288)  <0.001 <0.001 0.395 0.019

missing n =2 ~10.75] [1.38—7.04] [0.87-5.97] [0.82—5.8]

HOMA B%* med (IQR) [min-max] 110 (83, 154) 81 (44, 116) 101 (69, 156) [23 100 (67, 168) 0234 0.035 0.990 0.270

missing n =2 [21-386] [18—-857] —250] [21-580]

BGL* mean (sd) [min-max]
missingn=2
BMI missing n=3

5.0 (0.9) [42—11]

26.2 (5.1)

6.8 (2.3) [42—12.6]

27.8 (44)

53(0.8)[44-9.3] 55(1.3)[44-9.3] <0.001 0.002 0.442 0.031

24.6 (3.9) 27.3 (54) 0.139 0.183 0.068 0.765

N.B Data summarised as n (%) unless specified otherwise*.
p*Historical cohort: No PTDM vs PTDM.

p** Protocol cohort: No PTDM vs PTDM.

p# PTDM old vs PTDM new.

p Comparison of 4 groups.

Table 2

Hypoglycaemic agents used (for protocol cohort, in addition to linagliptin therapy).

Hypoglycaemic agent Historical cohort*

Protocol cohort™*

No PTDM n =85 PTDM n=21 No PTDM n=22 PTDM n=19
Metformin only - 5 - -
Other or >1 agent 14 6
Insulin only — 1 — —

correlate well to burden of disease and mortality outcomes
[18,19,25].

The increased surveillance for PTDM through the protocol
resulted in a higher proportion (46.3% vs 19.8%) of the protocol
cohort being identified to have PTDM. Within the patients in the
historical cohort, there was the expected difference in HOMA-IR
scores between those who had PTDM versus no PTDM (3.33 vs
1.64, p<0.001). In the protocol cohort, however, there was no
significant difference between the groups with and without PTDM
(1.86 vs 2.21, p = 0.40). This, along with the fact that OGTTs were
performed at a similar time in the subgroups, suggests that early
diagnosis and treatment of PTDM has a protective effect against the
development of insulin resistance. Furthermore, patients with
PTDM in the protocol group had similar HOMA-IR scores to those
without PTDM and better HOMA-IR scores than those who were
treated with conventional therapy (2.21 vs 3.33, p = 0.02), consis-
tent with the islet-cell protective role identified in pre-clinical
studies. Although not statistically significant, conventional treat-
ment (metformin/insulin) resulted in B-cell function lower than
that of patients from the historical and protocol cohorts without
PTDM and those who were treated with linagliptin (HOMA-B: 81%
vs 110%, 101%, 100% respectively, p = 0.23). These results suggest
that at an average of 100 days post-transplant, treatment with

linagliptin resulted in B-cell function that was equivalent to pa-
tients who did not have diabetes, an effect not seen with conven-
tional treatment. With each timepoint during the OGTT result,
patients who were treated with linagliptin, had significantly better
results than those in the conventional therapy arm, and these re-
sults were very similar to patients who did not develop PTDM in the
first place (Table 1, Fig. 3).

Limitations of this study include its small sample size, retro-
spective, single centre set-up without a concurrent control group.
The lower rates of PTDM observed in the historical cohort are likely
to be due to the less intensive monitoring protocol. Some patients
in the protocol group did not have OGTT done due to transfer to
secondary follow-up units and thus were excluded from the study.

5. Conclusion

The prevalence of diabetes after transplantation has been
steadily increasing and confers significant risk to affected in-
dividuals [10]. Although many patients with post-transplant
hyperglycaemia will return to euglycaemia with reduction in
immunosuppression, a substantial proportion of patients will have
persistently impaired glycaemic control. We challenged the current
guidance on treatment of PTDM on the basis of population data,
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which emphasises the benefits of early intervention in reducing
glucotoxicity and further stressing pancreatic function. Despite the
fact that intensive monitoring within the three month period (as is
in this study) could lead to overdiagnosis of hyperglycaemia post-
transplant, we propose that this will lead to legacy benefits in our
at-risk population [26].

With similar baseline characteristics and post-transplant
immunosuppression, we compared intensive surveillance and
early commencement of oral therapy to conventional treatment in
a historical cohort of patients. Patients who were treated with
linagliptin had better HOMA-IR and HOMA-B scores, and had better
BGL at every timepoint after a glucose load. BGL and HOMA mea-
surements in those who were treated with linagliptin were very
similar to those who did not develop PTDM.

Our real-world study suggests that intensive monitoring of BGLs
and oral monotherapy with DPP4 inhibitor linagliptin is a prom-
ising treatment for the majority of kidney transplant recipients
who develop PTDM and may help reduce insulin resistance. Given
the favourable side-effect profile and tolerability of these agents,
larger prospective controlled studies focussing on early detection
and management of PTDM are warranted.
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