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Abstract

Background. New-onset diabetes is common after kidney transplantation but the benefit of
lifestyle intervention to improve glucose metabolism post transplantation is unproven.
Methods. We conducted a single-center, randomised controlled trial involving 130
nondiabetic kidney transplant recipients with stable function between 3-24 months post
transplantation. Participants were randomly assigned in a 1:1 ratio to receive active
intervention (lifestyle advice delivered by renal dietitians using behaviour change techniques)
versus passive intervention (leaflet advice alone). Primary outcome was six-month change in
insulin secretion, insulin sensitivity and disposition index. Secondary outcomes included
patient-reported outcomes, cardio-metabolic parameters, clinical outcomes and safety
endpoints.

Results. Between August 17" 2015 and December 18" 2017, 130 individuals were recruited
of whom 103 completed the study (drop-out rate 20.8%). Active versus passive intervention
was not associated with any change in glucoese metabolism; insulin secretion (mean
difference -446 [95% C1-3184 to 2292}, p=0.748), insulin sensitivity (mean difference -0.45
[95% CI -1.34 to 0.44], p=0.319) or disposition index (mean difference -940 [95% CI -5655
to 3775], p=0:693). Clinically, active versus passive lifestyle intervention resulted in reduced
incidence of post transplantation diabetes (7.6% versus 15.6% respectively, p=0.123),
reduction in fat mass (mean difference -1.537kg [-2.947 to -0.127], p=0.033) and
improvement in weight (mean difference -2.47kg [-4.01 to -0.92], p=0.002). No serious
adverse events were noted.

Conclusions. Active lifestyle intervention led by renal dietitians did not improve surrogate
markers of glucose metabolism. Further investigation is warranted to determine if clinical
outcomes can be improved using this methodology.

Trial Registration. Registered with clinicaltrials.org registry (identifier; NCT02233491).


https://clinicaltrials.gov/ct2/show/NCT02233491

Introduction

Kidney transplantation is the preferred modality of renal replacement therapy for suitable
candidates with end-stage kidney failure. However, the need for lifelong immunosuppression
to prevent allograft rejection is associated with significant side effects and complications.
Cardiovascular disease remains a leading cause of morbidity and mortality after kidney
transplantation® and its development is linked to both traditional and transplant-specific risk
factors.? The latter are predominantly due to the constellation of cardiosmetabolic side effects
attributable to immunosuppression, among which the development of de novo post
transplantation diabetes mellitus (PTDM) is most significant.

PTDM is a major complication with underlying aetiology related to hoth traditional and
transplant-specific pathophysiology, and can affect over a third of patients within the first
year post transplantation.> PTDM is linked to cardiovascular events and all-cause mortality
after kidney transplantation* and isfanked as a leading concern for recipients themselves.>
Both generic® and PTDM-specific’ international guidelines strongly advocate lifestyle
intervention strategies to' minimise the risk-of PTDM but lack any strong evidence-base in
support.

Previous work has shown the benefit of renal dietitian intervention to attenuate progression of
abnormal glucose metabolism after kidney transplantation.® However, this was a
nonrandomised study with dietitian intervention only offered to recipients with abnormal post
prandial glucose metabolism. Clinical trial evidence is lacking to support the efficacy of
lifestyle intervention to reduce the risk of PTDM after kidney transplantation, compared to
the general population where it is as effective as pharmacological therapy at preventing
diabetes.® Lifestyle interventions to delay or prevent PTDM have the potential to prolong
kidney transplant survival, reduce the burden of healthcare costs and improve the health and

wellbeing of the kidney transplant population.



However, interventions to change health-related behaviours are complex and consist of many
interacting components.® Promoting lifestyle interventions in kidney transplant recipients is
difficult as they compete for attention against a number of kidney- and transplant-specific
complications which rank higher for patient concern.® The recent development of a taxonomy
of behaviour change techniques (BCTs) has identified interventions that are effective at
promoting physical activity and healthy eating.!! Clearly defined BCTs are.rarely embedded
with clinical interventions after transplantation and have not been used in the development of
lifestyle interventions post transplant. In view of the significant clinical burden and patient
anxiety related to PTDM, the need for evidence-based interventions to .inform clinical
practice is imperative. This led us to investigate the benefit of active versus passive lifestyle
intervention after kidney transplantation to prevent abnormal glycaemic control, developing a
bespoke renal dietitian-led approach underpinned by effective BCTs.

Materials and Methods

Study design and participants

Details of the CAVIAR study objectives, design, methods and analysis have been previously
reported.*? Briefly, participants were recruited from a single transplant center and were
eligible for inclusion if they were between 3-24 months after kidney transplantation, had no
preexisting diabetes and were deemed to have stable kidney function by their transplant
clinician. Potential eligible patients were invited to participate by a member of the research
team, who assessed eligibility and obtained written informed consent. Approval was obtained
from the local Research Ethics Committee prior to enrolment and the trial was registered with

the clinicaltrials.org registry (identifier; NCT02233491).


https://clinicaltrials.gov/ct2/show/NCT02233491

Randomisation

Patients were randomly assigned (1:1) to receive either active lifestyle intervention with the
renal dietitian or passive lifestyle advice with no dietitian involvement. Randomisation was
done by the trial coordinator via a web-based randomisation service

(www.sealedenevelope.com) stratified by age, body mass index (BMI) and ethnicity in

random permutated blocks. In view of the nature of the intervention, patients and clinicians
were aware of group allocation.

Procedures

Kidney allograft recipients fulfilling the eligibility criteria‘and who gave informed consent
were subsequently randomised into active versus passive intervention arms.

Active intervention group. This group received active. lifestyle modification led by a renal

dietitian who facilitated individualised lifestyle intervention advice to prevent the risk of
PTDM. These participants received four face-to-face appointments with the dietitian (lasting
45-60 minutes) at baseline, day 30, day 60 and day 120. Brief telephone reviews were
conducted between appointments (2-4 weeks after each face-to-face appointment) to review
progress and provide additional support during the 6-month active intervention period (some
appointments could be substituted with telephone support if requested). Patients had their
dietary habits personally reviewed by the renal dietitian and personalised healthy eating
advice was given based upon current guidelines issued by Diabetes UK!3 and Public Health
England tailored to the individual. Briefly, the guidelines recommend a diet containing less
saturated fat and sugar, with more fruit, vegetables, healthy protein sources and wholegrains.
Patients were advised to keep food diaries to monitor compliance with initiated changes and
were followed up by the renal dietitians prospectively as highlighted to monitor progress and

reinforce the advice (running parallel with routine clinic visits). In addition, a graded exercise


http://www.sealedenevelope.com/

program was encouraged to increase physical activity (e.g. endurance exercise such as
walking, jogging, swimming) and an exercise diary encouraged to track progress.

Passive Control Group. This group received standard of care, which involved counselling

about the risks of PTDM and leaflet advice outlining recommended lifestyle intervention
(advice on healthy eating, exercise and the importance of weight loss if required — see
supplementary files, SDC, http://links.lww.com/TP/B815). There was no renal dietitian input
and no behavioural therapy intervention.
Both groups underwent assessment at baseline and end of the 6=month _intervention. If any
kidney allograft recipient developed PTDM during the study, they were treated in line with
recommended international consensus guidelines’.
Behaviour change techniques
The active intervention was underpinned by defined BCTs and overseen by a clinician with
recognised expertise in behavioural change therapy. After development of the behaviour
change intervention in conjunction with the renal dietitians, ongoing support was provided to
renal dietitians to support and refine their delivery of personalised interventions to study
participants in the active intervention arm.
Research evidence in relation to BCTs for healthy eating and physical activity interventions®
suggest that interventions that combine self-monitoring with at least one other technique
derived. from control theory are significantly more effective than other interventions.
Therefore, the intervention included the following BCTS:

1.'Providing information on the consequences of sub-optimal diet and exercise levels on

health in general.

2. Providing specific feedback of personalised information (Body Mass Index, Body Fat

Percentage, Waist to Hip Ratio) and comparison with healthy range.



3. Prompting intention formation (i.e. encouraging the patient to make a resolution to

change their diet or level of exercise).

4. Setting SMART (Specific, Measurable, Achievable, Relevant, and Time-bound) goals

around diet, exercise and weight.

5. Setting graded tasks around the achievement of patient goals.

6. Encouraging self-monitoring of goals through food and exercise diaries and other

node-link maps.

7. Regular reviews of specific behavioural goals and reinforcement of progress through

praise and encouragement.

8. Reviewing social support available from personal network of family/friends and

linking support to the achievement of specific goals.
The intervention incorporated self-regulatory techniques congruent with control theory,
encouraging individuals to decide to act (intention. formation), prompting specific goal-
setting, providing feedback on performance and self-monitoring of behaviour, and continuous
review of set goals or intentions. These techniques were combined with two other effective
strategies to support the behaviour change intervention; node link mapping (use of visual
representation for presenting the intervention) and elements of Social Behaviour and Network
Therapy (focus on building social network support for behaviour change). Further details and
references are detailed in our CAVIAR methodology paper.?
Study investigations
Clinical and biochemical data was collected at baseline (month 0), midway (month 3) and
end (month 6). Oral glucose tolerance tests were classified by current International
Consensus recommendations for diagnosis of both prediabetes and PTDM’. The BioPlex Pro
Human Diabetes 10-plex assay (BioRad, California, USA) was used to quantitate a number

of diabetes- and obesity-related markers at each study timepoint, checked in a fasting state on



the morning of the oral glucose tolerance test. Recorded outputs were the average of two
measurements to improve precision.

The following formulae were utilised for determination of glucose metabolism parameters;
insulin sensitivity, insulin secretion and the disposition index. These surrogates were chosen
on the basis of previous validation work showing them to be the best surrogates against gold-

standard investigations in the setting of kidney transplantation**°:

o [Insulin secretion = HOMAsee = Insuling x [3.33/(glucoseo — 3.5)]

o [nsulin sensitivity = McAuley’s index = exp [2.63 — (0.28 x In{insuling / 6.945}) —

(0.31 x In trigyceridesg)]

o Disposition index = HOMAec x McAuley’s index = Insuling x [3.33/(glucoseo — 3.5)] x

exp [2.63 — (0.28 x In {insuling / 6.945}) — (0.31 x In trigyceridesg)]

Outcomes

The primary endpoint for this trial was change in glucose metabolism as measured by change
in insulin secretion, insulin sensitivity and disposition index at the end of the 6-month study
intervention. These indices were analysed using surrogate measures as previously validated
in the setting of kidney transplantation.}**> The justification for using these indices as the
primary outcome was based on previous work showing benefit of lifestyle intervention on
glucose metabolism-parameters and change in disposition index being the earliest detected
glycaemic abnormality in nondiabetic kidney transplant recipients. On this basis, it was
hypothesized that we would be able to determine a beneficial impact of active versus passive
lifestyle intervention based on these surrogate outcomes of abnormal glucose metabolism. A
number of secondary endpoints relating to cardio-metabolic function and profile, patient-

reported outcomes, safety endpoints and clinical outcomes were also collected.



This report deals only with the immediate primary and secondary outcome measurements at
6-months post study commencement. Long-term outcomes at 1-, 3-, 5- and 10-years are
planned for collection and will be reported in due course.

Sample size calculation

The principle parameters being examined in this study are changes in insulin sensitivity and
insulin secretion. The power calculation was performed with the assumption of a 20%
participant drop-out rate. An anticipated change in the primary outcome measure of 5% in the
control group and 25% in the intervention group was predicted. These figures are based on
intra-subject variability of 25% for insulin secretion and 20% for insulin sensitivity, as

observed in our previous work.!'®

Therefore, assuming 80% of the control group demonstrates a 5% change in the primary
outcome measure (and 20% drop-outs demonstrate no change), then the average change in
the control group is 4%. Similarly, if it is assumed 80% of the intervention group will
demonstrate a 25% change in the primary outcome measure (and 20% drop-outs demonstrate
no change), then the average change in the intervention group is 20%. To detect this
difference of 16% change (assuming standard deviation of change is 25%), it was calculated
that a total of 130 patients were required for recruitment (65 per randomised arm) for 95%
power (assuming a 5% significance level and a two-sided test) to attain a high-powered

sample size. All analyses were undertaken on an intention-to-treat basis.

Statistical analysis

The planned primary analyses were done at the individual level, according to the intention-to-
treat principle. For participants who did not attend the 6-month end of study assessment,
secondary outcomes of clinical endpoints were determined from healthcare records unless

participants had withdrawn consent for this access.
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Statistical analysis was performed using SPSS Version 25 (Chicago, IL). Normality of data
was assessed using the Kolmogorov-Smirnov tests. Descriptive statistics were used to
estimate the frequencies, means (+ standard deviation) or medians (+ interquartile range) of
study variables as required. For continuous variables, Student #-test or Mann-Whitney test
were used for parametric and nonparametric data respectively. Mean differences between
continuous variables for groups were also reported, with 95% confidence intervals of the
difference. Difference between groups was assessed with two-sided Fisher’s exact test or
Pearson chi-square for categorical variables as appropriate. Correlation assessment was made
with Pearson’s test or Spearman’s rank test for parametric and nonparametric variables

respectively. A p value <0.05 was considered significant in the statistical analysis.

Role of the funding source

The funders of this study had no role in study design, data collection, data analysis, data
interpretation, or writing of the repart. The corresponding author had full access to the data in
the study and had final responsibility for the decision to submit for publication.

Results

Study cohort

Between August 17" 2015 and December 18" 2017, 130 individuals were recruited that
comprised the intention-to-treat population at the start of the study. At the end of study (26"
July 2018) 103 individuals remained and completed follow up investigations, reflecting a
drop-out rate of 20.8%. Figure 1 provides a CONSORT flow diagram of the study.

Table 1 outlines the baseline demographics of the study cohort, reflecting well matched
active and passive intervention groups. Of particular note, 32.3% of recruitment was from

individuals of the Black, Asian and Minority Ethnic community.

11



Change in metabolic parameters

Table 2 shows metabolic surrogate outcomes for the study cohort. Active versus passive
lifestyle intervention after kidney transplantation was not associated with any change in
glucose metabolism such as insulin secretion (mean difference -446 [-3,184 to 2,292],
p=0.748), insulin sensitivity (mean difference -0.45 [-1.34 to 0.44], p=0.319) or disposition
index (mean difference -940 [-5,655 to 3,775], p=0.693). We did not observe any significant
difference in diabetes- and/or obesity-related immunoassays.

In the total study cohort, fasting glucose levels (in mmol/l) after active versus passive
lifestyle intervention at baseline was 5.5 versus 5.6 respectively (p=0.566) andafter 6-months
was 5.4 versus 5.5 respectively (p=0.795). Postprandial glucose levels (in mmol/l) after
active versus passive lifestyle intervention at baseline was 7.5 versus 7.3 respectively
(p=0.603) and after 6-months was 7.1 versus 7.1 respectively (0.992).

Change in post prandial glucose levels had weak correlation with change in insulin secretion
(-0.288, p=0.011) and disposition index (-2.23, p=0.050), but not significantly for insulin
sensitivity (-0.125, p=0.277). There was no significant correlation between change in fasting
glucose levels with change in insulin secretion (-0.111, p=0.266), insulin sensitivity (-0.077,
p=0.440) anddisposition index (-0.143, p=0.152).

Patient-reported outcomes

Table 3 outlines change in patient-reported outcomes including change in physical activity
(Duke Activity Status Index and GP Physical Activity Questionnaire) and psychological
wellbeing (EQ5D; quality of life and health status; Beck Depression Inventory; specific tool
for depression; Situational Motivational Score; specific tool for assessment of situational

motivation). No significant difference was observed at 6-months between the cohorts.

12



Safety and clinical outcomes

No significant safety concerns were identified when comparing the two cohorts and no deaths
or graft losses occurred over the 6-month study period (see Table 4). Immunosuppression
was no different between the groups. Tacrolimus trough levels in ng/ml (x standard
deviation) were similar for active versus passive groups at baseline (8.0 + 3.2 versus 7.2 + 2.5
respectively, p=0.197) and 6-months (7.5 + 3.5 versus 7.0 + 1.7 respectively, p=0.466). There
was no difference in cumulative exposure to mycophenolate or corticosteroids over the study
period.

From a clinical perspective, active lifestyle intervention was associated with a significant
difference in weight change over the course of the 6-month follow up (mean difference -
2.47kg [-.401 to -0.92], p=0.002). Overall, weight loss was observed in 60.0% versus 38.3%
of participants in active versus passive intervention arms (p=0.023). There was a trend
towards a significant difference in fat-free mass (mean difference -1.540kg [-3.24 to 0.16],
p=0.075) and a significant difference.in fat mass (mean difference -1.537kg [-2.947 to -
0.127], p=0.033) over the course of the 6-month follow up favouring active intervention.
Rates of new-onset post transplantation diabetes were halved in the group receiving active
intervention compared to standard of care (7:6% versus 15-6% respectively, p=0-123), a
clinically significant reduction but which failed to achieve statistical significance. Sub-
analyses of our recruited cohort (Supplementary document, SDC,
http://links.lww.com/TP/B815) showed a more pronounced clinical difference in PTDM rates
for recruits within 12-months of kidney transplantation (n=82; 9.8% versus 18.4%
respectively, p=0.216) or BMI 25 mg/m? or higher (n=73; 11.1% versus 24.2% respectively,

p=0.131) or both (n=55; 10.7% versus 25.9% respectively, p=0.133).
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Discussion

This study demonstrates kidney transplant recipients can be encouraged to undertake lifestyle
modification under the supervision of a renal dietitian with pro-active intervention,
underpinned by defined BCTs, which may improve their cardio-metabolic risk profile. Our
study did not identify any influence of active versus passive lifestyle intervention on our
primary outcome of surrogate glucose metabolism measures, but there were encouraging
improvements in secondary outcomes such as weight difference, fat mass and trend towards
less PTDM between study arms. This study is the first lifestyle intervention trial designed to
improve glycaemic metabolism after kidney transplantation, and introduces the concept of
incorporating evidence-based BCTs into post transplant. care, but further research
investigation is warranted to determine beneficial effects on clinical outcomes.

The immediate interpretation of our ‘negative’ study suggests one of three conclusions; 1)
active lifestyle intervention was ineffective; 2) study intervention was too short, or; 3) the
chosen primary outcome for analysis was inappropriate. It is possible the study intervention
period was too short and longer exposure could convert observed trends into significant
differences with longer follow up. A recent systematic review of clinical trials suggests time-
limited lifestyle interventions may have variable efficacy for prevention of diabetes.!” With
regards to the primary outcome, the negligible effects of active lifestyle intervention on
glucose metabolism appear to contrast with clinically meaningful reduction in PTDM rates.
This paradoxical observation appears contradictory and requires explanation. Firstly,
previous work validating use of surrogate measures of glucose metabolism was conducted
exclusively in kidney transplant recipients of white ethnicity,***> while approximately a third
of our study participants were non white. High participation rates from BAME individuals is
a significant strength of this study but may have an impact on the final analysis. Kodama et

al., in their systematic review and meta-analysis of 74 study cohorts, demonstrated significant
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differences in the hypothesized hyperbolic relationship between insulin secretion and
sensitivity among Africans, Caucasians and East-Asian individuals.'® Rasouli et al. also
observed African-American individuals paradoxically have an approximate 25% increase in
DI compared to white individuals (secondary to greater compensatory increase in insulin
secretion in relation to increased insulin resistance).'® Another limitation to the interpretation
of insulin-based parameters in this study is the lack of data relating to influences which
impact upon circulating insulin levels such as hepatic insulin extraction. The complex
interplay between insulin secretion, insulin sensitivity and hepatic insulin extraction has led
to significant debate about the strengths and limitations of-calculating the disposition index.
While the hyperbolic relationship between insulin® secretion and sensitivity remains a
convenient conceptual framework, it continues to be refined in light of emerging research
evidence. In addition, the power calculation was not adjusted for baseline glucose
metabolism, which may have interfered in our sample size estimation. Therefore, it is
possible that the observed power may have differed from assumed power, leading to an
under-powered sample.

The lack of improvement in surrogates of glucose metabolism may also reflect the volatile
nature of post transplantation glycemia. Firstly, postoperative hyperglycaemia consistent with
diagnostic criteria for diabetes is ubiquitous post kidney transplantation among nondiabetic
recipients.? While this frequently improves, approximately half of kidney transplant
recipients-remain with PTDM or prediabetes as demonstrated in a Spanish cohort study of
672 kidney transplant recipients.?! The dynamic and bimodal nature of post transplant
glycaemia may explain the lack of significant change in short-term glucose metabolism
indices in our study. We relied on surrogates assessing baseline glucose metabolism, rather
than postprandial glucose metabolism, due to previously validated work but this reliance on

static versus dynamic measurements may underestimate intervention benefits. The utility of

15



the disposition index has also been questioned in recent studies, with beta-cell sensitivity
and/or beta-cell response to rate of change in plasma glucose concentration competing for
importance as determinants of beta-cell function.???® It is clear from this study that our
understanding of the pathophysiology of PTDM remains sub-optimal and requires further
investigation, especially in light of fundamental differences compared to alternative forms of
diabetes?* and justifies PTDM to be considered as a unique subset- within diabetes
classification systems.

This study area is important as cardiovascular disease remains a leading-cause of morbidity
and mortality after kidney transplantation® and evidence-based strategies to attenuate cardio-
metabolic risk profiles are limited.? Only two randomised controlled trials to reduce
cardiovascular risk post transplantation have ever been conducted, ALERT? and
FAVORIT,? but the benefit of lifestyle modification post transplantation has never been
robustly explored. In the general population, lifestyle intervention is effective at preventing
type 2 diabetes but does not reduce all-cause mortality among individuals with type 2
diabetes.?” Trials exploring the benefits of lifestyle intervention after kidney transplantation
are limited. The INTENT (Intensive Nutrition Interventions on Weight Gain after Kidney
Transplantation) study compared early intensive nutritional/exercise advice versus standard
of care in 36 kidney transplant recipients in New Zealand, with the primary outcome change
in‘weight after 6-months.?® No difference was observed between the cohorts at 6-months,
which differs from our study results. This could be explained by methodological variations in
the intervention, higher-than-expected attrition rate for study participation and different
behaviour change components. The ACT (Active Care after Transplantation) study is a
multicenter randomised controlled trial currently in progress across three centers in the
Netherlands, comparing three arms (exercise versus exercise/diet versus standard of care)

among 219 kidney transplant recipients, with the primary outcome change in physical

16



functioning of quality of life.?° Lifestyle counselling and motivational techniques, in line with
the self-determination theory, will underpin the delivery of interventions. Recently published
taxonomy of BCT has assessed the effectiveness of behaviour change intervention to promote
healthy eating and physical activity.l® With this knowledge in mind, CAVIAR incorporated
self-regulatory techniques congruent with Control Theory, combined with node-link mapping
and elements of social behaviour and network therapy in support. While the pharmacological
management of PTDM is slowly developing a growing evidence base,** we believe behaviour
change and lifestyle intervention remains critical after kidney transplantation and seeking
clinical evidence for its efficacy remains desirable.

Additional limitations of this study, distinct from the‘methodological considerations already
discussed regarding study intervention period and primary outcome, should be noted. The
study participant attrition rate of 20.8% was marginally above our estimated 20.0% that was
factored into our power calculations(aiming. for 95% power). However, it is unlikely to have
made any significant difference to the final analysis. The active intervention arm was
designed pragmatically in an attempt to minimise participant attrition rates, with flexibility
for some study visits to be telephone-based, but post trial participant feedback will help to
develop any refinements or improvements to future work. While an excellent proportion of
non white kidney transplant recipients was achieved, a number of potential recruits could not
be recruited due to language barriers and it is important to overcome such inequalities in
access to research to ensure study findings are genuinely representative of patient cohorts.
Despite our frank discussion of limitations, we believe this study identifies potential benefits
of active lifestyle modification and supports the encouragement of active lifestyles after
transplantation. However, in line with a recent meeting report on the benefits of sport and
exercise post transplantation,®! evidence for improved hard clinical outcomes remain lacking.

Our experience should not dissuade further research but guide methodological considerations

17



for future work. For example, the active intervention may require more frequent visits to
improve intensity (but needs balancing against risk for drop outs). Future study recruitment
should also select an at-risk group for development of PTDM (e.g. older age, non white
ethnicity, overweight, family history) for investigation. Assessing change in dynamic glucose
metabolism (using postprandial samples) rather than static physiological markers may be
more beneficial. However, this study will allow adequate power calculations to be made for
clinically meaningful outcomes like development of PTDM.

In conclusion, our renal dietitian-led lifestyle intervention utilizing defined BCTs after
kidney transplantation failed to demonstrate improvement in parameters of glucose
metabolism but conflictingly suggested some improvement in clinical outcomes such as
weight and risk for PTDM. Rather than failing to show the benefit of active lifestyle
intervention, we believe our work highlights methodological considerations that should be
corrected for any future work in thisarea. Further research is needed to determine if lifestyle
modification after kidney transplantation has -benefit upon clinical outcomes such as
prevention of PTDM and this study provides adequate event rates and practical experience to

develop a more refined well-powered clinical trial across multiple centers.

18



References

1. Stoumpos S, Jardine AG, Mark PB. Cardiovascular morbidity and mortality after
kidney transplantation. Transpl Int. 2015;28(1):10-21.

2. Jardine AG, Gaston RS, Fellstrom BC, et al. Prevention of cardiovascular disease in
adult recipients of kidney transplants. Lancet. 2011;378(9800):1419-1427.

3. Sharif A, Cohney S. Post-transplantation diabetes-state of the art. Lancet Diabetes
Endocrinol. 2016;4(4):337-349.

4. Sharif A, Baboolal K. Complications associated with new-onset diabetes after kidney
transplantation. Nat Rev Nephrol. 2011;8(1):34-42.

5. Howell M, Tong A, Wong G, et al. Important outcomes for Kidney transplant
recipients: a nominal group and qualitative study. Am J Kidney Dis. 2012;60(2):186-196.

6. Kasiske BL, Zeier MG, Chapman JR, et al. KDIGO clinical practice guideline for the
care of kidney transplant recipients: @ summary. Kidney Int. 2010;77(4):299-311.

7. Sharif A, Hecking M, de Vries AP, et al. Proceedings from an international consensus
meeting on posttransplantation diabetes mellitus: recommendations and future directions. Am
J Transplant. 2014;14(9):1992-2000.

8. Sharif A, Moore R, Baboolal K. Influence of lifestyle modification in renal transplant
recipients with postprandial hyperglycemia. Transplantation. 2008;85(3):353-358.

9. Glechner A, Keuchel L, Affengruber L, et al. Effects of lifestyle changes on adults
with prediabetes: A systematic review and meta-analysis. Prim Care Diabetes.
2018;12(5):393-408.

10. Michie S, Ashford S, Sniehotta FF, et al. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours: the

CALO-RE taxonomy. Psychol Health. 2011;26(11):1479-1498.

19



11. Michie S, Abraham C, Whittington C, et al. Effective techniques in healthy eating and
physical activity interventions: a meta-regression. Health Psychol. 2009;28(6):690-701.

12.  Wilcox J, Waite C, Tomlinson L, et al. Comparing glycaemic benefits of Active
Versus passive lifestyle Intervention in kidney Allograft Recipients (CAVIAR): study
protocol for a randomised controlled trial. Trials. 2016;17(1):417.

13. Dyson PA, Twenefour D, Breen C, et al. Diabetes UK evidence-based nutrition
guidelines for the prevention and management of diabetes. Diabet Med:2018;35(5):541-547.
14.  Sharif A, Ravindran V, Moore RH, et al. Insulin resistance indexes in renal transplant
recipients maintained on tacrolimus immunosuppression. Transplantation. 2010;89(3):327-
333.

15.  Sharif A, Ravindran VK, Dunseath- G, et al. Impending hyperglycemia in
normoglycemic renal transplant recipients--an® experimental predictive surrogate.
Transplantation. 2010;89(11):1341-1346.

16.  Sharif A, Ravindran V, Moore R, et al. The effect of rosuvastatin on insulin
sensitivity and pancreatic beta-cell function in nondiabetic renal transplant recipients. Am J
Transplant. 2009;9(6):1439-1445.

17. Howells L, Musaddag B, McKay AJ, et al. Clinical impact of lifestyle interventions
for the prevention of diabetes: an overview of systematic reviews. BMJ Open.
2016;6(12):e013806.

18." Kodama K, Tojjar D, Yamada S, et al. Ethnic differences in the relationship between
insulin sensitivity and insulin response: a systematic review and meta-analysis. Diabetes
Care. 2013;36(6):1789-1796.

19. Rasouli N, Spencer HJ, Rashidi AA, et al. Impact of family history of diabetes and
ethnicity on beta-cell function in obese, glucose-tolerant individuals. J Clin Endocr Metab.

2007:92(12):4656-4663.

20



20. Hecking M, Haidinger M, Doller D, et al. Early basal insulin therapy decreases new-
onset diabetes after renal transplantation. J Am Soc Nephrol. 2012;23(4):739-749.

21.  Porrini EL, Diaz JM, Moreso F, et al. Clinical evolution of post-transplant diabetes
mellitus. Nephrol Dial Transplant. 2016;31(3):495-505.

22. Mari A, Tura A, Natali A, et al. Impaired beta cell glucose sensitivity rather than
inadequate compensation for insulin resistance is the dominant defect in glucose intolerance.
Diabetologia. 2010;53(4):749-756.

23.  Ferrannini E, Mari A. Beta cell function and its relation te insulin.action in humans: a
critical appraisal. Diabetologia. 2004;47(5):943-956.

24.  Hecking M, Kainz A, Werzowa J, et al. Gluecose metabolism after renal
transplantation. Diabetes Care. 2013;36(9):2763-2771.

25.  Holdaas H, Fellstrom B, Jardine AG, et al. Effect of fluvastatin on cardiac outcomes
in renal transplant recipients: a multicentre, randomised, placebo-controlled trial. Lancet.
2003;361(9374):2024-2031.

26.  Bostom AG, Carpenter MA, Kusek JW, et al. Homocysteine-lowering and
cardiovascular disease outcomes in kidney transplant recipients: primary results from the
Folic Acid for Vascular QOutcome Reduction in Transplantation trial. Circulation.
2011;123(16):1763-1770.

27. Schellenberg ES, Dryden DM, Vandermeer B, et al. Lifestyle interventions for
patients with and at risk for type 2 diabetes: a systematic review and meta-analysis. Ann
Intern Med. 2013;159(8):543-551.

28. Henggeler CK, Plank LD, Ryan KJ, et al. A Randomized Controlled Trial of an
Intensive Nutrition Intervention Versus Standard Nutrition Care to Avoid Excess Weight

Gain After Kidney Transplantation: The INTENT Trial. J Ren Nutr. 2018;28(5):340-351.

21



29. Klaassen G, Zelle DM, Navis GJ, et al. Lifestyle intervention to improve quality of
life and prevent weight gain after renal transplantation: Design of the Active Care after
Transplantation (ACT) randomized controlled trial. BMC Nephrol. 2017;18(1):296.

30.  Jenssen T, Hartmann A. Emerging treatments for post-transplantation diabetes
mellitus. Nat Rev Nephrol. 2015;11(8):465-477.

31. Neuberger J, Armstrong MJ, Fisher J, et al. Sport and Exercise In Improving
Outcomes After Solid Organ Transplantation: Overview From a UK Meeting.

Transplantation. 2019;103(7S1 Suppl 1):S1-S11.

22



Figure legends

Figure 1. CONSORT flow chart for CAVIAR study profile
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Table 1. Baseline demographics of study cohort

Parameter Active Passive
Number 66 64
Age in years (+ SD) 47-7 £13-3 47-4 £13-7
Male sex 31 (43-7%) 40 (56:3%)
White 46 (69-7%) 42 (65-6%)
Black 8 (12:1%) 6 (9-4%)
South Asian 12 (18-2%) 13 (20-3%)
Ethnicity
Chinese 0 (0-0%) 1(1:6%)
Mixed race 0 (0-0%) 1(1:6%)
Other 0 (0-0%) 1(1-6%)
Cytomegalovirus serostatus positive 26 (39:4%) 27 (42-2%)
Hepatitis C positive 0 (0:0%) 0 (0-0%)
Family history of diabetes 20 (37-0%) 18 (36:7%)
Repeat kidney transplant 7 (12:5%) 6 (12:2%)
Post transplant time in days (£SD) 269 + 181 249 + 150
Polycystic kidney disease 11 (16.7%) 11 (17.2%)
Tacrolimus 66 (100-0%) 64 (100-0%)
Myc:/lp;fz';i‘l"ate 57 (86-4%) 57 (89-0%)
Immunosuppression Mycophenolic Acid 7 (10-6%) 5(7-8%)
Azathioprine 2 (3-:0%) 2 (3:2%)
Prednisolone 66 (100-0%) 64 (100-0%)
Body mass index (kg/m?) (£ SD) 27-8+4.4 27-7+4.4
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Table 2. Metabolic surrogate outcomes between baseline and 6-month study end

Parameter Active Passive Mean difference P value
Baseline 1344 + 2506 1935 + 5667
'”5“"”+s:;ret'°” Follow up 3517 + 4967 4554 + 0132 -446 [-3184 t0 2292] 0-748
A change +2173 + 4457 +2619 + 10292
Baseline 4-45 £ 2-00 4-16 £ 1-67
I.n.SL.IIIn Follow up 3:43+1-46 3:65+1-94 -0-45 [-1:34 to0-44] 0-319
sensitivity £ SD
A change -1-02 £ 2-24 -0-57 £ 2:27
Baseline 4339 £+ 5518 5476 + 8074
Follow up 9551 £ 9954 11625 + 13546
Disposition A change 5212 £ 8780 16152 + 14926 -940 [-5655 to 3775] 0-693
index £ SD
Follow up 39-0+60 406 £ 6-8
A change +0-32 £ 4-01 +0-78 £4-08
Baseline 2374 2196 2284 £1912
C-peptide -11-57 [-1194-90 to
Foll 4186 + 334 4140 + .
(nmol/L) + SD ollow up 86 + 3349 0 + 3656 1171.76] 0-985
A change +1819 £ 2502 +1830'£ 3477
Baseline 4293 £ 7027 4323 £ 5850
Ghrelin (pg/mL) -488:31 [-3692:98 to -
+ + .
+5SD Follow up 6935 £ 6878 7645 + 7732 2716-35] 0-763
A change +2642 + 9104 +3131 £ 6717
Gastric Baseline 225+ 318 160 + 148
inhibitory -60-35 [-160-09 to
) Foll 155 + 184 151 + 214 2
peptide ollow up 55+18 5 39-40] 0-233
(pmol/L) £SD A change -70 £ 251 -10+ 254
Glucagon like Baseline 143 £98 137 £95
20-29 [-46-87
peptide-1 Follow up 175 + 94 159 + 91 +20 27[_ A :] 87to 0-549
I/L) + SD
(pmol/L) A change 134+ 156 114+ 126
Baseline 262 + 230 230+ 196
Glucagon -3-01 [-109-51 to
+ + .
(pmol/L) £ SD Follow up 197 £ 152 178 £ 138 103-49] 0-955
A change -61 £ 295 -58 £ 228
Baseline 852 +1773 1498 + 3489
Insulin (pmol/L) -227-28 [-1901:25 to
+ + .
+3SD Follow up 1946 £ 2276 2824 + 5188 1446-69)] 0-788
A change +1094 £ 2177 +1321 £ 5845
Baseline 18359 + 23678 13125 + 15265
Leptin (ng/mL) -8554-29 [-20963-86 to
+ + .
+5SD Follow up 19809 + 22717 22627 + 28508 3855.28] 0-174
A change +1449 £ 30906 +10003 + 32067
Total Baseline | 121400+250032 | 139012 +280423 | ,11097.53 [-130165-31
lasmi 0-876
plasminogen = |1 wup | 106596 + 170161 76755 + 49355 to 152360-37]
activator
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inhibitor-1 + SD A change -26895 + 332965 -37993 £ 214004
Baseline 8812 £ 9439 7272 +7979
Resistin (ng/mL) +3254-65 [-3588:08 to
+ + .
+5D Follow up 17526 + 15761 15174 + 14472 10097-38] 0-347
A change +9168 + 16765 +5913 + 15068
Baseline 2635+ 1928 2563 + 1633
Visfatin (pg/mL) -17-13 [-1210-78 to
+ + .
+3D Follow up 2764 £ 1626 2771 + 2854 1176-52] 0-977
A change +129 + 2545 +146 + 3521
Baseline 15886260 + 18405572 +
13598455 19960549
Adiponectin | Follow up 14389394 ¢ 11613250 ;igi?;ztg ) |
+
(ng/mL) £ SD 13672231 12149738 052
A change -1992294 + -5821673
13966431 16736319

A change among paired samples only (n=103)
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Table 3. Patient-reported outcome measures between baseline and 6-month study end

Parameter Active Passive Mean difference P value
Baseline 1-61+1-11 1-84+1-18
GP Activity Score Follow up 2:41+1-20 2:18+1-21 +0-36 (-0-19 to 0-90) 0-201
A change +0-77 £ 1-57 +0-41 +1-02
Baseline 40-62 £ 15-77 44-70 £ 13-87
Duke Activity Score Follow up 43-83 +15-74 | 43-56 £ 15-07 +1-60 (-2-82 to.6-:02) 0-474
A change +2:58 +11-77 +0-98 +9-32
Baseline 4-72 £+1-31 4-51+1-60
T
SMS"intrinsic Follow up 482+ 145 444+ 156 +0417 (-0-37.t0 0-71) 0-540
motivation score
A change +0-08 £ 1-24 -0-09+1-38
Baseline 5:99+1-24 5-72 +£1-38
SMS? intrinsic
. Follow up 5-90+1-28 5-58 +1-40 +0-15 (-0:36 to 0-67) 0-557
regulation score
A change -0-06 +1-17 -2:1+1-36
Baseline 2:00+1:32 1-86+1-25
SMS? extrinsic
. Follow up 2:14 +1-52 1-94 £ 1-29 +0-14 (-0-48 to 0-75) 0-665
regulation score
A change +0-14+ 1-47 0-00 + 1-52
Baseline 1-75+1-11 1-52 £0-81
1 N
SMS i:‘oorzvat'o” Follow up 196+ 1-53 187+124 -011 (-0-59 to 0-38) 0-668
A change +0-22 £1-32 +0-33+0-99
Baseline 73:37 £ 14-:43 75-06 + 18-:02
EQ-5D? score Follow up 80:57 + 15-40 | 80-41+15-30 +0-77 (-5-16 to 6-69) 0-797
A change +7:02 £ 13-51 | +6:25+15-58
Baseline 8:96 + 8-66 7-84 +7-53
Beck i
eck depresygy Followup | 665%953 | 640%7-28 -0-38 (-3-00 to 2-23) 0-772
inventory score
Achange -1-:94 £7-99 -1-56 £ 3-53

1Situational Motivation Score

A change among paired samples only (n=103)
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Table 4. Clinical outcomes at 6-months

Parameter Active Passive Mean difference P value
Baseline 48-44 + 13-35 51-93 £ 16-15
fﬁit;:‘iztr]efaio(”n’ﬁ;r‘:?nr) Follow up | 4822+1378 | 5076 + 15:07 -1.08 (-3-63 to 1-46) 0-400
A change -0-82 +6-00 +0-27 £ 6:36
Urine albumin. Baseline 5-82+6:58 18-98 + 69-43
creatinine ratio Follow up 4-80 + 5-37 11-91 + 34-63 -5-78 (-11-92 to.0:36) 0-065
(mg/mol) Achange | -135+7-00 | +4-44+1842
Baseline 79-03+16:10 | 81-28 +14-73
Weight (kg) + SD Follow up 7791+ 1650 | 82:66 +14-72 -2¢47 [-4-01 to -0-92] 0-002
A change -1:20£4-38 +1:26 +3-32
Baseline 0-947 +0-102 | 0-950 +0-086
Waist-hip ratio + SD Follow up | 0-940+0-098 | 0-948 +0:095 | -0-007 [-0-032 to 0-017] 0-552
Achange | -0-011 +0-063 | -0-004 +0-057
Baseline 128-3+ 185 124-8 £10-9
Systolic BED(mmHg) * [ Followup | 1260%14® | 1257+145 17 [-7:6 to 4-1] 0-555
A change -1.5+ 14-9 +0-2+ 139
Baseline 79-6 + 10-4 794 +7-4
Diastolic i';(mmHg) * ™ Follow up 80:3 +9:3 797+93 -0-12- [-3-89 to 3-64] 0-948
A change +0-45 £ 10-24 +0-58 + 8-18
Baseline 48+19 5.0£2.1
T?S;ZT;’S?‘;E" Follow up 42+19 45+20 -0.1[-0.6 t0 0.4] 0.534
A change -0.6+3.2 -0.5+3.7
Baseline 1.72+£0.75 1.62+0.68
Trig'ycerif‘;sD(mmO'/ D ™ Follow up 2.09 +2.80 1.79+0.81 +0.19 [-0.55 t0 0.91] 0.629
) Achange +0.37£2.42 +0.19£0.79
Baseline 16-1+6:0 15163
Ski"(frz'ri)tzi;';"ess Follow up 14659 165+ 69 -2.07 [-5-12 to 0-98] 0-181
A change -1:06 £7-21 +1:01+7-75
Baseline 54-5+11-2 56:9+11-3
Fat-free mass (kg) + SD Follow up 54.2 +11-9 57-1+10-6 -1-540 [-3-236 to 0-156] 0-075
A change -0-644 £ 2-347 | +0-895 £ 5-597
Baseline 24.8+9.7 23.7+10.5
Fat mass (kg) £ SD Follow up 23.6+9.5 25.4+9.9 -1.537 [-2.947 to -0.127] 0.033
Achange | -0.667 £4.140 | +0.870  2.337
Baseline 39982 422482 -0-485 [-1-121 to 0-151] 0133

Total body water (kg)
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SD Follow up 396 +£8-7 41-7 +7-7
A change -0:483+1-715 | +0-002 + 1-331
Baseline 38752 39759
HbAlc (mS”SO'/mO') * [ Follow up 390460 40-6 + 6-8 -0-46 [-2:08 to 1-16] 0572
A change +0-32 +4-01 +0-78 + 4-08
Impaired fasting glucose 18 (32:1%) 15 (31:9%) - 0.575
Impaired glucose tolerance 10 (22:7%) 9 (23-7%) - 0.562
Post transplantation diabetes 5(7-6%) 10 (15-6%) - 0-123
Any anti-glycaemic medication 1(1.5%) 3(4.7%) - 0.298
Major adverse cardiac event 0 (0-0%) 0 (0-0%) - 1-000
Allograft rejection? 1(1-5%) 0 (0-0%) - 0539
Death 0 (0-0%) 0 (0:0%) - 1-000
Death-censored graft loss 0 (0-0%) 0 (0-0%) - 1-000

Borderline cellular rejection according to Banff criteria

A change among paired samples only (n=103)
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Figure 1. CONSORT flow diagram

| 316 screened |

186 excluded

—8 di with PTDM pi

- 62 distance/logistics of extra travel
- 14 clinically not well

- 6 language barrier

- 18 not keen on research

- 78 refused (no explanation) or other

66 allocated to intervention | l 64 allocated to standard or care

10 dropped out of study 17 dropped out of study

- 5 not feeling well and did not wish to attend - 10 missed all visits or changed mind al
for study visits participation

- 4 missed all visits or changed mind about 4 family/work commitments
participation - 2not feeling well and did not wis|

- 1 family/work commitments for study visits

56 completed final study visit
- 66 analysed as intention-to-treat
- 56 analysed per protocol
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