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ABSTRACT

Introduction Post-transplant diabetes mellitus (PTDM) is
a common complication of kidney transplantation and is
associated with significant morbidity and mortality. In the
general population, metformin has been used for diabetes
prevention in high-risk individuals. Improving insulin
sensitivity is one of many proven favourable effects of
metformin. Despite the high incidence of PTDM in kidney
transplant recipients, there is a lack of evidence for the
role of metformin in the prevention of diabetes in this
setting.

Methods and analysis Transplantation and Diabetes
(Transdiab) is a single-centre, unblinded, pilot randomised
controlled trial assessing the feasibility, tolerability and
efficacy of metformin after renal transplantation in patients
with impaired glucose tolerance (IGT). Participants will
undergo an oral glucose tolerance test in the 4—12 weeks
post-transplantation; those with IGT will be randomised
to standard care or standard care and metformin

500 mg twice daily, and followed up for 12 months. The
primary outcomes of the study will be the feasibility of
recruitment, the tolerability of metformin assessed using
the Gastrointestinal Symptom Rating Scale at 3 and

12 months, and the efficacy of metformin assessed by
morning glucose and glycated haemoglobin at 3, 6, 9 and
12 months.

Ethics and dissemination Despite the significant
morbidity and mortality of PTDM, there are currently no
randomised clinical trials assessing pharmacological

interventions for its prevention after kidney transplantation.

The Transdiab trial will thus provide important data

on the feasibility, safety, tolerability and efficacy of
metformin after renal transplantation in patients with IGT;
this will facilitate undertaking larger multicentre trials

of interventions to reduce the incidence or severity of
diabetes after kidney transplantation. This study has been
approved by the Northern B Health and Disability Ethics
Committee of the Ministry of Health in New Zealand. On
study completion, results are expected to be published in a
peer-reviewed journal.

Trial registration number Australian New

Zealand Clinical Trials Registry Number:
ACTRN126140011716086.

Strengths and limitations of this study

» This study has the potential to address more than
one important cause of morbidity and mortality in
kidney transplant patients with one simple approach.

» It is difficult to provide sufficient data for clinical
effectiveness of the measure used.

» Safety and tolerability outcomes are likely to be
informative and crucial for larger future randomised
controlled trials.

INTRODUCTION

End-stage kidney disease (ESKD) is a major
public health problem with increasing prev-
alence worldwide. In 2013, there were 4156
people receiving renal replacement therapy
for ESKD in New Zealand. This represents a
population rate of 931 people per million.
Of these, 1572 (38%) had a functioning
kidney transplant.' Kidney transplanta-
tion represents the optimal form of renal
replacement therapy and is associated with
significantly improved survival,” * quality of
life* and reduced costs over time’ compared
with dialysis treatment. However, transplant
recipients still have increased mortality
compared with the general population.® This
is predominantly driven by increased cardio-
vascular disease, as cardiovascular-related
deaths post-transplant constitute over 50%
of all deaths.”® An important risk factor for
this marked risk is post-transplant diabetes
mellitus (PTDM), previously known as new
onset diabetes after transplantation.

PTDM is a common complication after
transplantation, with a reported incidence
as high as 50%° and significant impact on
morbidity and mortality in transplant recip-
ients. Patients with PTDM have significantly
higher rates of cardiovascular disease,
cardiovascular death and overall mortality
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with a doubling in all-cause mortality and a tripling in
cardiovascular events.'”"® The mortality risk extends to
include other forms of impaired glucose metabolism
after transplantation as patients with impaired glucose
tolerance (IGT) have an increased long-term mortality
risk comparable with those with PTDM." In addition,
PTDM is also associated with increased death censored
graft failure.'* '

In 2003, an expert committee set forth the International
Consensus Guidelines for the diagnosis and management
of PTDM." This was further revised in 2018 with The
International Expert Panel setting forth the recommen-
dations for PTDM and future directions of research.'®
The research recommendations highlighted the need
for trials to help delay or prevent PTDM. The guide-
lines for PTDM are largely based on those of the WHO
for the diagnosis of pre-diabetic states (impaired fasting
glucose (IFG) and IGT) and diabetes mellitus.!” Multiple
risk factors have been associated with the development
of PTDM; the use of diabetogenic immunosuppressive
medications (such as corticosteroids,'® calcineurin inhibi-
tors'*'” and mammalian target of rapamycin inhibitors™’)
are all associated with impaired glucose metabolism. In
addition, the significant incidence of weight gain and
obesity after transplantation plays a role in insulin resis-
tance in these patients, with average weight gain in the
first year after transplantation of 10%-35%.%"** The use
of immunosuppressive medications (such as corticoste-
roids), improvement in well-being and the relaxation
of dietary restrictions after transplantation are possible
causes for this weight gain.***

Another well-identified risk factor for the development
of diabetes in both transplant recipients and the general
population is the status of pre-diabetes (IGT or IFG), with
IFG (fasting plasma glucose 26.1 and <7mmol/L) or IGT
(fasting plasma glucose <7mmol/L and 2-hour plasma
glucose after an oral glucose tolerance test (OGTT)
>7.8 and <11.1 mmol/L) defining hyperglycaemic condi-
tions at risk of the future development of diabetes.'* In
non-transplanted patients, some 70% of individuals with
IFG and/or IGT can expect to go on to develop clinical
type 2 diabetes at some time in the future.”” That risk
is also significant for transplant patients with 15% of
patients with IGT developing PTDM over 1lyear® and
27% over 6 years.”

Given the significant adverse clinical outcomes asso-
ciated with diabetes, multiple measures have been
introduced to prevent or delay the onset of diabetes in
high-risk individuals. Current guidelines recommend life-
style modifications in the management of pre-diabetes or
diabetes, aiming to achieve weight loss in overweight or
obese patients.”’*!

However, weight loss arising from intensive lifestyle
interventions is difficult to maintain over the long term.”
Therefore, the current guidelines recommend the use of
pharmacological antidiabetic therapy immediately after
the diagnosis of diabetes for patients considered unlikely
to benefit sufficiently from lifestyle intervention alone.” **

Pharmacological therapy such as metformin, thiazoli-
dinediones and alpha-glucosidase inhibitors have been
shown to effectively delay or prevent the conversion
of pre-diabetes to diabetes in non-transplant patients;
however, metformin is the only pharmacological agent
recommended for the prevention or delay of type 2
diabetes in atrisk subjects. This is mainly due to its effec-
tiveness, good tolerability and low cost.” ' **

No similar trials have been carried out in transplant
recipients. These patients have a high risk of developing
PTDM and the subgroup with IGT are likely to be at
even greater risk. Therefore, this group might achieve a
significant benefit from starting metformin in addition to
lifestyle advice.

We will be conducting a pilot randomised controlled
trial assessing the safety, tolerability and efficacy of
metformin in renal transplant recipients with IGT. The
trial will also provide data on the feasibility of recruiting
eligible patients with IGT post-transplantation to be
started on metformin, which will help to plan conducting
larger trials aiming to reduce the incidence or severity of
diabetes after kidney transplantation.

METHODS AND ANALYSIS

Study design

Transplantation and Diabetes (Transdiab) is a single-
centre, unblinded, parallel-group, randomised controlled
trial. An outline of the study is shown in figure 1.

Study aims and hypothesis

The primary aim of the PTDM is to evaluate the feasi-
bility, safety, tolerability and efficacy of metformin in
kidney transplant patients with IGT. The secondary
outcomes are those that will help evaluate the additional
benefits of metformin on lipid profile, change in weight
and cardiovascular events. This will be done in a superi-
ority framework.

We hypothesise that recruiting non-diabetic patients
after renal transplantation to have OGTTs in order to
identify and pharmacologically manage those with IGT is
feasible. We also hypothesise that using metformin within
our inclusion criteria is safe with acceptable tolerability
in the first year after renal transplantation. Furthermore,
it is likely that metformin will have a favourable effect on
glycated haemoglobin (HbAlc), morning glucose, lipid
profile, excess weight gain and cardiovascular events.

Target population and eligibility criteria

The target population for the trial is adult kidney
transplant recipients who receive kidney transplan-
tation in our centre between 30 November 2014 and
30 November 2016.

Inclusion criteria

Inclusion criteria will include the following: age >18 years,
non-diabetic kidney transplant recipient, willing and able
to participate in all trial investigations for the duration of
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Figure 1

trial follow-up and ability to provide a written informed
consent.

Exclusion criteria

Exclusion criteria will include the following: known
diabetes mellitus at the time of transplant (whether on
antidiabetic medications or not), history of antidiabetic
therapy (oral or insulin), steroid pulse therapy (intrave-
nous or oral) in the 2 weeks prior to OGTT, estimated
glomerular filtration rate (eGFR) by the Modification of
Diet in Renal Disease formula <30mL/min/1.73m? BSA
(body surface area), unable to consent, pregnancy or
breast feeding, current alcohol or other substance abuse
and any major illness or comorbidity that may result in
death in 12 months as assessed by the treating physician.

Recruitment and randomisation

Potential participants will be identified during their
initial inpatient stay following transplantation at Auck-
land City Hospital or through the renal transplant
outpatient clinic following discharge. Eligible transplant
recipients will be invited to participate, given detailed
information about the trial and, if agreeable, will be
asked to provide a written informed consent by one
of the investigators. In order to participate, transplant
recipients will need to provide informed consent and

Flow chart of Transdiab trial. IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test.

have the OGTT within 4-12 weeks after the transplant
procedure. The consent form and patient information
sheet are available in the online supplementary file 1.
Consented patients will have their information collected
and stored securely by the research fellow, physically in
the research office and electronically on a password-pro-
tected computer. The research fellow will also generate
the allocation sequence, enrol participants and assign
the groups.

Participantswho have a 2-hour postload glucose between
7.8 and 11.1mmol/L on OGTT (75g anhydrous glucose
dissolved in water) will be randomised. Randomisation
will be performed using a computer-generated sequence
allocation in blocks of four in a 1:1 ratio to receive either
standard care or standard care and metformin 500 mg
twice daily.

Standard care group

Participants randomised to the standard care group will
receive standard post-transplant care as per usual local
practice. This includes immunosuppressive medications
to prevent rejection and other treatments under the direc-
tion of the treating physician and renal transplant team.
Standard immunosuppression includes a calcineurin
inhibitor (ciclosporin or tacrolimus as determined by the
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treating physician), mycophenolate, steroids and basilix-
imab as induction therapy.

The current lifestyle standard care after kidney trans-
plantation at Auckland City Hospital includes advice for
regular exercise three times weekly and a nutritional
assessment by a renal dietician during the inpatient stay.
The nutrition care involves giving patients resources
guiding them on healthy eating and food safety after
transplant.

Intervention group

Patients randomised to the intervention group will, in
addition to standard care, receive metformin 500 mg
twice daily. This will commence at randomisation and
continue for 12 months. The decision to continue with
metformin beyond 12 months of follow-up is left to the
discretion of the caring physician.

Primary outcomes

Feasibility of recruitment

Feasibility of recruitment will be assessed by the ratio of
the number of randomised patients to the number of
patients screened with OGTTs.

Tolerability of metformin

Tolerability of metformin will be assessed using the Gastro-
intestinal Symptom Rating Scale (GSRS), a tool that has
been validated to assess symptoms in gastrointestinal
disorders such as gastro-oesophageal reflux disease and
irritable bowel syndrome™ *® at baseline, 8 and 12 months
postrandomisation.

Efficacy of metformin

Efficacy of metformin will be assessed by HbAlc and
morning glucose levels at baseline, 3, 6, 9 and 12 months
post-randomisation.

Secondary outcome

Secondary outcomes will include the following: change
in body weight; all adverse events; lipid profile at 3, 6,
9 and 12 months; major cardiac events; and proportion
of patients who revert to normal glucose metabolism on
OGTT at 12 months. When clinically indicated, lactate
levels will be checked. Also, discontinuation of metformin
or reduction of dose due to adverse effects will be
recorded.

Monitoring

Interim results will be reviewed and analysed by the lead
investigator every 3 months, and the decision for early
termination of the trial will be considered if serious
concerns about patients’ safety are encountered. Full
annual analysis of results will be carried out until the
completion of the trial. If important changes to the
protocol are to take place, they will be conveyed to the
sponsor on the annual progress report and also to the
affected patients and caring physicians. The access of the
final trial dataset will be available to the primary investi-
gator.

Statistical analysis

The first primary outcome, feasibility of recruitment,
will be reported as a ratio of the number of randomised
patients to the number of patients screened with OGTT
at the conclusion of the study.

The second primary outcome, tolerability of metformin,
will be reported as GSRS at 3and 12 months and compared
between the two groups using an analysis of covariance
(ANCOVA) adjusted for GSRS score at baseline. The
third primary outcome, efficacy of metformin, will be
reported by measuring morning glucose and HbAlc 3,
6, 9 and 12 months postrandomisation and compared
between the two groups using an ANCOVA adjusted for
morning glucose and HbAlc at baseline.

Linear regression will be used to identify significant
predictors other than group allocation associated with
changes in efficacy, tolerability and metabolic parameters
over time. Variables identified as significant will be anal-
ysed with pairwise comparisons. Comparisons between
groups for differences in categorical variables will be
conducted using x” test or Fisher’s exact test. All statistical
analyses will be performed using appropriate statistical
software, such as STATA or SPSS (version 24.0). The level
of statistical significance will be set at probability level
of <0.05.

Ethical considerations

Ethical approval has been obtained through the Northern
B Health and Disability Ethics Committee of the Ministry
of Health in New Zealand. Ethics approval number is 14/
STH/129.

DISCUSSION

This trial will provide evidence on the feasibility, safety,
tolerability and efficacy of metformin in patients with IGT
after renal transplantation. In addition, the study will also
examine in detail changes in other metabolic indices,
including body mass index, weight change, blood pres-
sure, lipid profile and cardiac events.

The extensive local and international experience with
metformin and the significant potential benefits are likely
to encourage patients and physicians to take active part
in the study. Based on evidence from the literature, 43%
of stable kidney transplant patients (>6 months after
transplant) will have new impaired glucose metabolism
after transplantation with new IGT and/or IFG affecting
32% of all recipients.”” Therefore, we hypothesise that
performing OGTTs in non-diabetic patients after renal
transplantation and subsequently starting those with IGT
on metformin will prove feasible.

Although generally safe, gastrointestinal side effects
are not uncommon with the use of metformin; these
are generally well tolerated and infrequently cause treat-
ment discontinuation.”® The long-term experience with
metformin in the diabetic general population has estab-
lished good tolerability and an acceptable safety profile™
also in addition to good adherence by patients.” A major
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and probably overstated potential side effect is lactic
acidosis. Historically, a very low risk of lactic acidosis
linked to the use of metformin has been reported.”
More recent high-quality evidence has shown no risk
related to metformin in the general population with type
2 diabetes.*” The risk is probably higher in patients with
reduced glomerular filtration rate (GFR) as metformin is
more likely to accumulate, but a systematic review found
no cases of lactic acidosis despite almost half of the studies
involved allowing inclusion of patients with a serum
creatinine above 1.5mg/dL (133 pmol/L).43 Given the
relative safety of metformin and significant benefit, the
expansion of its use has been recommended to include
patients with mild to moderate kidney disease (eGFRs,
30-60 mL/min per 1.73m?).*

Although physicians might have reservations starting
metformin in renal transplant recipients as they
commonly have abnormal GFRs with frequent fluctua-
tions, the recent evidence provides further reassurance in
the safety and tolerability of metformin even at moderate
renal impairment. Therefore, we hypothesise that the use
of metformin in these patients is safe and well tolerated.

Metformin has other favourable effects besides
improving insulin sensitivity, some of which can be of
substantial benefit to transplant patients. Most notable are
the effects on cardiovascular disease® and weight gain,*
with current ongoing research assessing these benefits
even in pre-diabetic patients.*”

Furthermore, metformin has been shown to reduce the
incidence of cancersand cancer-related mortality.*** Renal
transplant recipients have high cancer-related morbidity
and mortality with cancer risk almost three times higher
than the general population.”®®!

The outcomes from this research will provide important
data on the feasibility of conducting larger multicentre
randomised trials of metformin in patients with IGT to
reduce the incidence and severity of diabetes in kidney
transplant recipients. This study will also provide trans-
plant physicians with more confidence in using metformin
in renal transplant recipients if no significant adverse
events are encountered. There is a potential risk of bias
as the participants are not blinded to the treatment; this
could be addressed with the use of placebo in a larger
trial.

Measurement of efficacy of the use of metformin is
likely to require a large multicentre trial to have a suffi-
cient number of patients for a significant difference.*’
We anticipate that by determining feasibility and safety
in this pilot study, we will pave the way for future larger
randomised controlled trials. We intend to communi-
cate our findings via publications and presentations in
national and international meetings.

CONCLUSIONS

The Transdiab study will provide important data on the
feasibility, safety and efficacy of metformin in patients
with IGT after renal transplantation. With PTDM being

an important cause of morbidity and mortality in renal
transplant patients, this study will address a significant
gap in current evidence regarding optimal care after
kidney transplantation.
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