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Clinical outcomes and PTDM



Sharif A, Baboolal K. Nat Rev Nephrol 2012

Complications 
associated with PTDM



PTDM adds 
significant cost to 

post-transplant care

Woodward et al. Value in Health 2011



Howell et al. AJKD 2012

Patient perspectives 
after transplantation



Kidney transplantation reduces all-cause and cardiovascular-related mortality for 
dialysis patients

Jardine et al. Lancet 2011Chapman JR. Lancet 2011



PTDM in the context of competing risks after kidney transplantation

Sharif A, Cohney S. Lancet Diab Endocrinol 2016



Risk factors and pathophysiology 
for PTDM



Identifying patients at risk for PTDM

Modifiable

• Obesity/Weight gain

• Metabolic syndrome

• CMV infection post-transplant

• Glucose intolerance

• Anti-hypertensives

• Uric acid/Mg abnormality post-
transplant

• Immunosuppression

Sharif A, Baboolal K. Nat Rev Nephrol 2010; 6: 415-423
Sharif A. Curr Opin Nephrol Hypertens 2012; 21: 574-9

Non-modifiable

• Age

• Male sex?

• Deceased-donor kidney?

• Genetic

• HLA matching

• Non-Caucasian ethnicity

• Family history of diabetes

• Gestational diabetes

• ADPKD?

• Hepatitis C
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Pathophysiology of PTDM
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Diagnosis of PTDM



A brief evolution of PTDM diagnosis

Status PTM (and pre-diabetes) criteria

Diabetes

• Symptoms of diabetes plus 11.1 
mmol/L OR

• FPG ≥ 7.0 mmol/L
• 2HPG ≥ 11.1 mmol/L during OGTT

Impaired 
fasting 
glucose

• FPG 5.6-6.9 mmol/L

Impaired 
glucose 
tolerance

• FPG < 7.0 mmol/L
• 2HPG 7.8-11.0 mmol/L

Normal 
glucose 
tolerance

• FPG < 5.6 mmol/L
• 2HPG < 7.8mmol/L

FPG – fasting plasma glucose
2HPG – 2-hour plasma glucose

Yates et al. AJT 2012

A1c ≥ 48 mmol/mol

A1c < 42 mmol/mol



Pimental et al. NDT 2017

HbA1c for PTDM diagnosis: high specificity but low-moderate sensitivity

Forest plots of estimates of 
sensitivity and specificity in 
each study.:

A) HbA1c6.5% in the initial 
months after renal 
transplantation;

B) HbA1c6.5% at 12 
months after renal 
transplantation;

C) HbA1c6.2% in the initial 
months after renal 
transplantation.



Prevention and management 
of PTDM

Modifying risk factors



Burgeoning armamentarium of immunosuppression
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Cardio-metabolic side effects of contemporary immunosuppression

Sharif and Cohney. Lancet Diab Endo 2016



Post-transplant diabetes management
Should we alter immunosuppression?

• Recommendation 5: Choose and Use 
Immunosuppression Regimens Shown to 
Have the Best Outcome for Patient and 
Graft Survival, Irrespective of PTDM Risk

• Selection of an appropriate 
immunosuppressive regimen must be 
considered carefully for each individual 
patient

• Because there is evidence that some 
immunosuppressant therapies are more 
diabetogenic than others, selection of an 
appropriate immunosuppressive regimen 
should be considered, taking into account 
the individual’s diabetes and CVD risk 
profile, the relative diabetogenicity and 
risk for diabetes of each 
immunosuppressant, and the efficacy of 
each agent.

Davidson et al. Transplantation 2003 Sharif et al. AJT 2014



Steroid avoidance or early withdrawal: meta-analysis

Knight et al. Transplantation 2010

• Systematic review and meta-analysis of 34 randomised controlled 
studies (n=5637 renal transplant recipients)

• Steroid avoidance/early withdrawal associated with:
• No significant difference in patient/graft survival

• Increase risk for rejection

• Worse graft function

• Improved cardiovascular risk profile:
• Less hypertension (RR 0.90 [95% CI 0.85-0.94])

• Less hypercholesterolaemia (RR 0.76 [95% CI 0.67-0.87])

• Less PTDM (RR 0.64 [95% CI 0.50-0.83])



Astellas Corticosteroid Withdrawal Study Group – 5-year PTDM data

Continued 
maintenance 
corticosteroids

Corticosteroid 
withdrawal (day 7)

Pirsch et al. Am J Transplant 2015



Ekberg et al. N Engl J Med 2008



PTDM in Symphony study

Event

Standard-dose 
CSA 

(n=384)

Low-dose 
CSA 

(n=408)

Low-dose 
TAC 

(n=403)

Low-dose 
sirolimus

(n=380)

PTDM 6.4% 4.7% 10.6% 7.8%

Use of 
anti-

diabetes 
meds

1.3% 1.5% 2.7% 1%

Ekberg et al. N Engl J Med 2008



Torres et al. KI Reports 2019



Wissing et al. AJT 2017



Belatacept: long-term data shows improved overall graft survival

Vincenti et al. NEJM 2016



Belatacept: improved cardio-metabolic profile

• Belatacept-treated kidney transplant recipients had better graft function 
(measured glomerular filtration rate (GFR) (3 studies 1083 recipients): 
10.89 mL/min/1.73 m², 95% CI 4.01 to 17.77; estimated GFR (4 studies, 
1083 recipients): MD 9.96 mL/min/1.73 m², 95% CI 3.28 to 16.64) than CNI-
treated recipients. 

• Blood pressure was lower (systolic (2 studies, 658 recipients): MD -7.51 
mm Hg, 95% CI -10.57 to -4.46; diastolic (2 studies, 658 recipients): MD -
3.07 mm Hg, 95% CI -4.83 to -1.31

• Lipid profile was better (non-HDL (3 studies 1101 recipients): MD -12.25 
mg/dL, 95% CI -17.93 to -6.57; triglycerides (3 studies 1101 recipients): MD 
-24.09 mg/dL, 95% CI -44.55 to -3.64)

• Incidence of new-onset diabetes after transplant was reduced by 39% (4 
studies (1049 recipients): RR 0.61, 95% CI 0.40 to 0.93) among belatacept-
treated versus CNI-treated recipients.

Masson et al. Cochrane Data Syst Rev 2014 



Prevention and management 
of PTDM
Intervention



NICE guidance [NG28]: December 2015 (updated April 2017)

http://www.nice.org.uk/guidance/ng28/resources



Advantages and disadvantages to glucose-lowering therapy in PTDM

Sharif and Cohney. Lancet Diab Endo 2016



Observational studies of anti-glycaemic drugs for management of PTDM

• Many small case series’ published suggesting safety/efficacy:
• Metformin

• Repaglinide

• Pioglitazone

• DPP-4 inhibitors (vildagliptin, linagliptin, sitagliptin)

• GLP-1 receptor agonist (liraglutide)

• Limited by inherent bias, small (carefully selected) samples, short 
follow up

• Non-randomised





Beta-cell dysfunction is the key pathophysiological defect for early onset PTDM

Hecking et al. Diabetes Care 2013



TIP: Study Design

2 x 25 patients, Randomisation into 2 Study Arms

Inclusion: Tacrolimus, No history of DM, Informed Consent

Treat-to-target trial of Basal Insulin in Post Transplant Hyperglycemia
Efficacy and Safety of a Novel Protocol in Renal Transplant Recipients Receiving a 

Tacrolimus-based Immunosuppression

Daily Measurements of Blood Glucose

(At least): Fasting, pre-lunch, pre-supper, post-supper

Arm B (control):

- Corrections at the latest when BG 
> 250 mg/dl
- BG target level: none, but 250 
mg/dl not accepted
- Conventional BG lowering therapy, 
according to decisions of the ward

Arm A (treatment):

- Treatment starts when evening
BG ≥140 mg/dl
- BG target level: 110-120 mg/dl
- Treatment with long acting insulin
(Insulatard®)

Hecking et al. J Am Soc Nephrol 2012



Early insulin for post-operative hyperglycaemia prevents PTDM at 1-year

Hecking et al. J Am Soc Nephrol 2012



Benefit in treatment group due to improved beta-cell function (not 
insulin sensitivity)

Hecking et al. J Am Soc Nephrol 2012



Halden et al. Diabetes Care 2016

PTDM associated with reduced glucose-
induced insulin secretion and attenuated 
glucagon suppression – restored by GLP-1

1) Pinelli et al. Diabetes Care 2013
2) Krisl et al. TTS 2014



SGLT-2 inhibitors for PTDM – can general population benefits 
translate to post-transplant cohort?

Rajasekeran et al. Diabetes Care 2017

• Only one published case series of 6 SPK and 4 kidney-alone transplant 
recipients (variable exposure ~80 patient-months)

• Overall improvement seen in glycaemic control, weight, and blood 
pressure (similar magnitude effects as non-transplant cohorts)

• One patient experienced hypoglycaemia that did not require 
hospitalisation and one patient developed cellulitis.

• No urinary or mycotic infections diagnosed during treatment

• No patient experienced acute rejection or AKI
• Small reduction seen in eGFR (-4.3 ml/min)

• Effect attributed to renal afferent arteriole vasoconstriction due to increased 
sodium delivery at the macula densa and tubuloglomerular feedback



Should metformin be our anti-glycaemic agent of choice for PTDM?

Sharif A. Am J Transplant 2011



Lalau et al. Kidney Int 2015



Alnasrallah et al. BMJ Open 2017

Primary outcomes
Feasibility
• Feasibility of recruitment will be assessed by the ratio 

of the number of randomised patients to the number 
of patients screened with OGTTs.

Tolerability
• Tolerability of metformin will be assessed using the GI 

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 syndrome35 36 at baseline, 3 and 
12 months postrandomisation.

Efficacy
• Efficacy of metformin will be assessed by HbA1c and 

morning glucose levels at baseline, 3, 6, 9 and 12 
months post-randomisation.



Research in progress



Trials in progress

Jenssen & Hartmann. Nat Rev Endo 2019



Glucometabolic effects comparing active 
lifestyle intervention using renal 
dietitian-led behaviour change 

techniques versus standard of care after 
kidney transplantation (CAVIAR): a 

randomised controlled trial

Kulli Kuningas1, Joanne Driscoll2, Reena Mair2, Helen Smith3, Mary Dutton1, 
Edward Day4, Adnan Sharif1,5

1Department of Nephrology and Transplantation, Queen Elizabeth Hospital, Edgbaston, Birmingham, UK
2Department of Nutrition and Dietetics, Queen Elizabeth Hospital, Birmingham, UK
3Institute of Inflammation and Ageing, University of Birmingham, Birmingham, UK

4National Addiction Centre, Institute of Psychiatry, Psychology & Neuroscience, King’s College London, London, UK
5Institute of Immunology and Immunotherapy, University of Birmingham, Birmingham, UK

Funded by EFSD, British Renal Society and Kidney Care UK



Wilcox et al. Trials 2016

CAVIAR trial design
Primary endpoint

Difference in insulin secretion, 
sensitivity and disposition index

Intervention by 
renal dietitian using 

evidence-based 
‘Behaviour Change 

Techniques’



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%)

Ethnicity*

White 46 (69·7%) 42 (65·6%)
Black 8 (12·1%) 6 (9·4%)

South Asian 12 (18·2%) 13 (20·3%)
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

Immunosuppression

Tacrolimus 66 (100·0%) 64 (100·0%)
Mycophenolate Mofetil 57 (86·4%) 57 (89·0%)

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/m2) (± SD) 27·8 ± 4.4 27·7 ± 4.4

Glycaemic status
Normal 36 (54·5%) 38 (59·4%)

Pre-diabetes 21 (31·8%) 19 (29·7%)
PTDM 9 (13·6%) 7 (10·9%)



CAVIAR study outcomes

Primary endpoint

• Insulin secretion (mean difference -446 [-3184 to 2292], p=0.748)

• Insulin sensitivity (mean difference -0.45 [-1.34 to 0.44], p=0.319)

• Disposition index (mean difference -940 [-5655 to 3775], p=0.693)

Selected secondary endpoints

• Weight difference (mean difference -2.47kg [-.401 to -0.92], p=0.002)

• Free fat mass (mean difference -1.54kg [-3.24 to 0.16], p=0.075)

• Post-transplantation diabetes (7.6% versus 15.6% respectively, 
p=0.123)



RANDOMISATION 
GROUP

GLYCAEMIC 
STATUS AT 
BASELINE

GLYCAEMIC STATUS AT FOLLOW UP
P VALUE

Normal Pre-diabetes PTDM 

Active 
intervention

Normal 31 (86·1%) 5 (13·9%) 0 (0·0%)

0·001Pre-diabetes 13 (61·9%) 6 (28·6%) 2 (9·5%)

PTDM 2 (22·2%) 4 (44·4%) 3 (33·3%)

Passive 
intervention

Normal 32 (84·2%) 4 (10·5%) 2 (5·3%)

<0·001Pre-diabetes 10 (52·6%) 6 (31·6%) 3 (15·8%)

PTDM 1 (14·3%) 1 (14·3%) 5 (71·4%)

Total

Normal 63 (85·1%) 9 (12·2%) 2 (2·7%)

<0·001Pre-diabetes 23 (57·5%) 12 (30·0%) 5 (12·5%)

PTDM 3 (18·8%) 5 (31·3%) 8 (50·0%)



Interpretation of negative study: why did primary outcome fail?

• Is the intervention ineffective???

• Validation work for surrogates of glucose metabolism after kidney transplantation 
were derived exclusively from recipients of white ethnicity
• 33.8% of participants in CAVIAR were from the BAME community

• Disposition index is conceptually useful but may not true reflection of dynamic 
glucose metabolism
• The hyperbolic relationship between insulin secretion and sensitivity has recently been 

shown to be  different between ethnic groups 

• The disposition index is paradoxically higher among non-whites due to greater compensatory 
increase of insulin secretion to insulin sensitivity

• Ignores liver influence on insulin sensitivity

• Glucose metabolism post kidney transplantation is too volatile

• There is a significant level of dysglycaemia among prevalent kidney transplant 
recipients (surrogate measures of glucose metabolism may therefore be 
irrelevant in this setting and never been validated in this setting)



Summary/Conclusions



Summary/Conclusions

• PTDM is a common medical complication after kidney transplantation 
with associated adverse outcomes for kidney allograft recipients

• Our clinical approach to PTDM is limited by a lack of firm evidence 
and cannot simply mirror our approach with the general population

• Management of PTDM requires a combined approach from transplant 
clinicians and diabetologists:
• Choosing the appropriate anti-glycaemic agent in the polypharmacy and 

complicated milieu of transplantation must be individualised for every patient

• Further research should help facilitate more pro-active interventions 
to prevent and/or manage PTDM



Further reading

Lancet Diab Endo 2016

Nat Rev Endo 2019 



Diagnosis and management of PTDM: International Consensus guidelines

ManagementTime post-transplant (days)

0-7

8-45

>365

46-365

1. Oral glucose tolerance test
2. Fasting/random glucose
3. HbA1c*

1. Oral glucose tolerance test
2. HbA1c
3. Fasting/random glucose

Insulin

Insulin 
Oral anti-glycaemic agents

Lifestyle modification
Oral anti-glyacemic agents

Insulin

Diagnosis

Do not diagnose PTDM

Sharif et al. AJT 2014* HbA1c alone <365 days will under-estimate PTDM and needs corroborating



Thank you for you attention

adnan.sharif@uhb.nhs.uk

@AdnanSharif1979
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