111 DEFINITION

The term diabetes mellitus describes several dessrof abnormal carbohydrate

metabolism that are characterized by hyperglycelniga.associated with relative or

absolute impairment in insulin secretion along wiélnying degrees of peripheral

resistance to the action of insdlin

DIAGNOSIS

The diagnosis of diabetes is presently based odi#tymostic criteria revised in 2003 by

the American Diabetes Association ( ADA(Jable 1). The International Diabetes

Federation 2006 Conference held in Cape Town, Safitba, has made no further

revision of the criteria.

Table 1.

Diagnostic Thresholds for Diabetes and Lesser Degrees of

Impaired Glucose Regulation

Category Fasting Plasma Glucose*
Normal <100 mg/dL (<5.6 mmol/L)

IFG 100-125 mg/dL (5.6-6.9 mmol/L)
IGT -

Diabetes* 2126 mg/dL (=7.0 mmol/L)

2-Hour Plasma Glucose*:

<140 mg/dL (< 7.8 mmol/IL)

140-199 mg/dL (7.8-11.0 mmol/L)

2200 mg/dL (211.1 mmol/L)

Reproduced from: Kim SH, Chunawala L, Linde R, ReaCM. Comparison of the 1997
and 2003 American Diabetes Association classificatif impaired fasting glucose. J Am

Coll Cardiol 2006:48:293



1.1.2 CLASSIFICATION
1. Type 1 Diabetes Mellitus (B-cell destruction, usually leading to absolute
Insulin deficiency )
* Immune-mediated
» |diopathic
2. Type 2 Diabetes Mellitus ( may range from predominatly insulin
resistance with relative insulin deficiency to a pedominantly
secretory defect with insulin resistance )
3. Other specific types :
A. Genetic defects of beta cell function
MODY ( Maturity-onset diabetes of the young )
B. Genetic defects in insulin action ( rare )
C. Diseases of the exocrine pancreas
* Pancreatitis
« Trauma or pancreatectomy
* Neoplasia
» Cystic fibrosis
* Haemochromatosis
» Toxins

* Drugs



D. Endocrinopathies

Acromegaly

Cushing’s Disease or syndrome

Phaeochromocytoma

Hyperthyroidism
E. Drug or chemical induced
* Thiazides
* Glucocorticoids
e Thyroid hormone
* B-agonists
» Calcineurin inhibitors
F. Infections
» Congenital rubella
« CMV

4. GESTATIONAL DIABETES



1.1.3 COMPLICATIONS

The complications of diabetes can be categorizddilasvs:

Table 2.

Acute

Chronic

Diabetic ketoacidosis ( DKA )

Macrovascular:
Cardiovascular eg. myocardial infarcti
Cerebrovascular eg. Stroke
Peripheral vascular disease

pn

Hyperosmolar non-ketotic coma

Microvascular
Nephropathy
Neuropathy
Retinopathy

Patients could also be affected by the treatmenhefdiabetes, viz. hypoglycemia

which is life-threatening if not corrected expealitsly.

The cause of diabetic complications is not pregikabwn and may be multifactorial.

POPULAR THEORIES:
The formation of glucotoxins:

(a) POLYOL PATHWAY

- process where glucose is reduced to sorbitol betizgme aldolase

reductase.

- Sorbitol appears to be a tissue toxin and mostlgaoasible for the

microvascular complications.

(b) GLYCATION OF PROTEINS

Terminology: GLYCATION — nonenzymatic addition leéxoses to proteins

GLYCOSYLATION — enzymatic addition béxoses to proteins



Glycation: The effect of glycation on protein prgabses to altered or disturbed
function, eg. albumin, haemoglobin, lenstgirg fibrin, collagen and
lipoproteins. Glycated low density lipoprotein (LPis not
recognized by the normal LDL receptor, and its pla$alf life is
increased. Glycated collagen is less soluble ane masistant to
degradation by collagenase than native collagertldadnay result in
basement membrane thickening or the waxy skin syndr

(pseudoscleroderma).

Glycosylation : Glycated proteins also form cras&éd proteins termed
Advanced Glycation End products ( AGEs ) througieaes of biochemical
reactions which are poorly understood (Fig 1.)

Receptors for AGE are present on macrophages atattesiial cells. Binding

of AGE to its receptors may induce the synthesi®lease of cytokines, vascular
adhesion molecules, endothelin-1 and tissue factors

As a result of the inflammatory component, glycatimd AGE seem

to predispose to more macrovascular complicatioosever, both sorbitol and

AGE pathways contribute to both micro- and macrouls complications.



Figure 1.
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Formation of advanced glycosylation end products Schematic representation of
the formation of adwvanced glycosylation end products in the presence of persistent
hyperglycemia. (Adapted from Bucala, R, Ylassara, H, Cerami, A, Drug Development
Research 1994; 32:77.)

Perhaps as important as the effect of glucotoXipgerglycemia has also been shown to
alter cellular signaling pathways such as protéase C (PKC), MAP kinases and
PI3K/AKt cascades, which can cause vascular celfishetion, apoptosis and specific
pathologies in a variety of vascular and cardioutsdissues. The significance of these
cascades in the pathogenesis of diabetic commitatias led to the development of a
new therapeutic agent PKC &#946 isoform inhibiteuboxistaurin). This agent has
yielded positive results to prevent visual acuityd in diabetic patients with macular
oedema, in clinical trials. There has also beenesbemefit when used for patients

with diabetic peripheral neuropathy. This supptestheory that

hyperglycemia- induced changes in cell signalingnsmportant cause of diabetic

complication$.



1.1.4 GLOBAL PREVALENCE AND COST

GLOBAL PREVALENCE:

Diabetes is now being recognized as a pandefiids global problem was emphasized
at the International Diabetes Federation confer@ém€ape Town, South Africa ( IDF
2006 ), and again at the European Associatiomh®iStudy of Diabetes Conference in

Amsterdam (EASD 2007).

In 2004, an estimated 194 million people worldwidere affected with diabetes (Fig 2)
and that figure is expected to rise to 370 millign2036. Facts from the IDF 2006
reveal that an estimated 246 million people areaaly affected across the world; a figure

that is expected to reach 380 million within thetri20 years.

Fig 2.

Global Projections for the
Diabetes Epidemic: 2003-2025

World

2025= 333 M
t T2%

2003
2026 m

M = million, AFR = Alrica, N& = North America, EUR = Euwrope, SACA = South and Central America
EMME = Eastern Mediterranean and Middle East, SEA = South-East Asla, WP = Western Pacific
Diabebes Allas Committee, Diabedes Aflas, 2 Edition: IDF 2003,




Of concern is that 7 million more people are afictwith diabetes every yedrhe
highest number of people affected are from devalpountries, where the double edged
sword of economic progress has brought with iedtf/le diseases’ such as obesity —

previously a disease of the affluent.

There seems to be an increased prevalence of d&aipetertain population groups: eg.
American data shows higher diabetes prevalendeeiitrican-American, Native
Americans and Hispanic sub-groups. South Africamietvariation in the prevalence of

diabetes is presented in Table 3. below:

Table 3. Prevalence of type 2 diabetes in differer8outh African population
groups™**

Population| Region (number of participantsPrevalence % Age range
(yrs)
African Cape Town urban (729) 8.0 30+
African QwaQwa rural (853) 4.8 25+
Manguang urban (758) 6.0
African Durban urban (479) 5.3 15+
Mixed Cape Town urban (200) 28.7 65+
Mixed Cape Town peri-urban (974) 10.8 15-86
European | Cape Town peri-urban (396) 3.0 15-69
Indian Durban urban (2479) 13.0 15+

There is a higher prevalence of type 2 diabetesgrttee South African Mixed
( coloured ), Indian and Urban Black populatiompared with their rural and White

counterparts.



FINANCIAL BURDEN OF DIABETES:

The life expectancy of diabetics is dramaticallgueed compared with non-diabetics,
largely as a consequence of the increased prevatdnmoyocardial infarction and strokes
in this population. Diabetes is an independentfaskor for both cardiovascular disease
and mortality from coronary heart diseBS€. Diabetes is also the leading cause of end-

stage renal disease worldwtde

These complications impact on the patient’s qualitjfe and also have a significant
impact on healthcare costs. Direct costs of dragisdions in the USA for 2002 were
estimated to be $132 billion, and indirect codtsé§ of productivity, premature mortality

disability) amounted to $40 billidh

The annual direct healthcare costs of diabetesdwiatk, in the 20-79 years age
group, are estimated to be approximately 153 biliidernational dollars and may be as

much as as 286 billion.

The projected figures for 2025 puts the total ealte costs for diabetes worldwide at
between 213 billion and 396 billion internatiodallars. This would mean that the

proportion of the world’s healthcare budget beipgrg, in 2025, on diabetes care, will
be between 7% and 13%, with higher prevalence cesrdpending up to 40% of their

budget®. So, the economic impact of diabetes is quitetsmltial and significant.



1.2 NEW ONSET DIABETES POST RENAL TRANSPLANTATION

1.2.1 Definition and Diagnosis

The diagnosis of new onset diabetes post renaptantation is based on the World
Health Organisation (WHO) and the American Diabétesociation ( ADA) criteria for
the diagnosis of diabetes mellitus in the genesalipation, as there are no specific

criteria for the diagnosis in this specializedup®f patients.

1.2.2 Epidemiology

The natural progression of diabetes post renasplantation resembles that of Type 2
diabetes because of the insidious onset and pateay be asymptomatic for years
before the symptoms become clinically evidéfft This asymptomatic period is
detrimental as it increases the duration of exmotuthe adverse effects of
hyperglycemia before treatment is initigtedUnlike Type 2 diabetes, however, diabetes
post renal transplantation can be reversible,irge individuals are at higher risk for the

subsequent development of full blown diabetes muslliater on in life ( Table 4).

Table 4: Risk Factors for development of new-ouiabetes post-transpldft

Modifiable Non-Modifiable
Obesity : BMI > 25 kg/rh Age — older age at transplantation
Immunosuppressive agents Ethnic denomination and genetic predisposition
(Tacrolimus vs Cyclosporine) eg. African-American, Hispanic and Native
American
Family history of diabetes
Pre-transplant impaired fasting glucose Hepatitigr@s infection
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1.2.3 IMMUNOSUPPRESSIVE AGENTS:

Standard immunosuppressive therapy to prevergraltorejection includes calcineurin
inhibitors and corticosteroids, both of which drabetogenic.

The diabetogenicity of the different agents vadessiderably and the choice of
immunosuppressive therapy can greatly influenceistkeof the patient developing

diabetes.

Table 5. Mechanisms of immunosuppressive diabetoiggn

Immunosuppressive Mechanism

Corticosteroids Effects are related to dose andtaur of

treatment. Leads to the development of
insulin resistance which is shown as an
increase in glucose production by the liver
and a decrease in glucose uptake by
peripheral tissues i.e muscle and fat. There
is also decreased pancreatic response ta

oral glucose.

Cyclosporine Leads to reducpetell volume which
causes decreased insulin synthesis and
secretion

Tacrolimus Causes morphological damagp-tells,

impairing insulin synthesis and secretion|in
animal studies, and causing insulin
resistance and hyperinsulinemia in clinica
studies.

There also seems to be a higher predilection d#velopment of post-transplant
diabetes (PTDM) based on Tacrolimus versus CyclaspdCyA) use — up to five times
higher with Tacrolimus us&*2 ( ReferAppendix B ). Kamaf? reported an incidence of
10.2% for patients on Tacrolimus versus 3.8% fosthon CyA and Cho et&found an
incidence of 57.1% with Tacrolimus at 6 months gomtsplantation. A South African

review of the diabetogenic effect of TacrolimusSiouth African patients undergoing
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kidney transplantatidfi found that eight out of the 17 patients on Taconak developed
diabetes (47%) .Of those, 6 were Black patien&%)7 but this did not reach statistical

significance.

The agents that seem to be neutral are Azathiofinmg&ran), Sirolimus (Rapamune) and
Mycophenolate Mofetil (MMF/Cellcept}*® Sirolimus may, however, lead to
hyperlipidemia. Egidi and Gab&tdescribed their single-centre experience of comgrt
patients from calcineurin inhibitor regimens tam$imus and MMF because of chronic
nephrotoxicity or PTDM. This was in response to ltigh incidence of PTDM in the
African —American group. In order to better undamsk the factors related to the
development of PTDM, pre- and post-transplant Cigdepevels were collected.
Differences were found in the pattern of C-peptidd glucose tolerance among patients
who developed PTDM : a group consisting of mairdyryg African-American patients,
developed an early insulin-dependent PTDM with cletepdisappearance of the C-
peptide levels despite them being normal pre-tlanspThese individuals enjoyed the
greatest benefit from conversion from a CyA regirteena sirolimus-based one with

regression of diabetes in 60% .

1.2.4 Time to onset

The time to onset of new onset diabetes appeds &b greatest risk during the first 6
months post transplantation, although the numbeaténts developing the condition
continues to increase with time thereafter. Shagta”, in his study of 1023 kidney

transplant patients reported that 60% of casegwfanset diabetes were recorded in
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the first 3 months post transplantation; 20% betw&and 12 months, and the remaining
20% after the first year. Koselj ef&lreported in their study, that 70% of patientshwit
new onset diabetes after kidney transplantatiorewergnosed within 6 months with a

mean time to onset of 5.6 months post renal transglion.

1.2.5 INCIDENCE AND PREVALENCE:

The incidence and prevalence of new onset dialfétesiost cases defined only by the
patient’s requirement for insulin) post transpléiot® has been shown to increase
progressively, with the condition being diagnosedome patients up to 1 year after
transplantatiof?. Montori et af® systematically reviewed the range of 12-month
cumulative incidence of new onset diabetes aftarsplantation reported in 19 studies
(which involved 3611 patients with no history edlgetes) and found it to be

1.8 -21.7%.

The type of immunosuppressive regimen used, wasdftw explain 74% of the
variability in incidence, with high dose steroidsiy associated with the highest
incidence. Woodward et*lanalyzed data from the United States Renal Das&e8y
(USRDS) and showed that 13.2% of peritoneal dialgatients and 14.9% of
haemodialysis patients experienced new onset @iglokeiring the first year post
transplantation. In a second study by Kasiské®&ttae cumulative incidence of new
onset diabetes after kidney transplantation amdn@s® patients was found to be 9.1%,
16%, and 24%, at 3, 6, and 36 months, respectielyrther study of 503 kidney

transplant patients reported a 16% incidence wf oreset diabetes after transplantation
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1.2.6 COMPLICATIONS

Studies indicate that the development of diabétes mansplantation has serious
consequences because of the association with reéduat function and patient survival
and increased risk of graft 1d88>*” The development of PTDM was shown to be
associated with a significant decrease in graftigal at 3 and 4 years, compared with
recipients without diabetes ( 71% vs. 86% and 54%82%, respectively; p = <0.08)

A recent analysis of Medicare beneficiaries onWlsRkDS database has also revealed
that the development of PTDM was associated wiB% increased risk of graft failure
and a 46% increase in the risk of death-censor&ft failure ( p= <0.0001 vs no diabetes

for both comparisons?3

The relative risk of graft loss 12 years post-tpastation was found to be 3.72 times
greater in the group with diabetes post-transptamtdhan in the non-diabetic

group™.

The association between new onset diabetes afteekitransplantation and

graft failure has been explained in some studiethéigher risk for death in these

patients.

However, other studies have reported that the adgmtbetween the condition and graft
failure remains even when the data are censoredfatti>. Other explanations for the
effects of PTDM on graft survival include:
Ripbetes-related nephropathy
b) Presence of poorly controlled Eigpnsiof*

c) Use of lower dosages of immungsagsive regimens
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Kasiske et &f also postulated that the association between Pabdreduced graft
survival may, in some instances, be due to eatyea®jection and subsequent use of

higher doses of immunosuppression.

The increased mortality associated with PTDM islijko be related to the increased risk
of infections and other complications that caneafidlowing the development of the
condition. This theory is supported by the finding$ studies:

1. Sumrani et &f, showed that infections were a major complicadiod that 54%
of patients experienced infectious complaagi compared with 17% in the
control group.

2. Miles et af*, found that the frequency of sepsis as a caudeath was greater in
kidney transplant recipients with diabetes compavigd patients without
diabetes.

3. Johny et 4f, in his study of 631 kidney transplant recipiergorted a higher
incidence of infection-related deaths in gatis with diabetes compared to those

without the condition.

Diabetes is also the major determinant of the emxd cardiovascular morbidity and
mortality seen in transplant patiefit3*° The relative risk for the development of
ischemic heart disease more than one year posipleartation was 2.78 for males, and a
staggering 5.4 for females ( Refigspendix C ). The disparate risk of cardiovascular
morbidity and mortality that female diabetic pasinsplant patients have when compared
with their male counterparts is quite sobetfemd the exact mechanism for the increased

risk is not fully understood, but is thought torleéated to the effect of female sex
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hormones on thrombosis and inflammation. Furtheemibre increase in cardiovascular
disease mortality observed among kidney transpéipients remains higher than the

general population, even after stratifying for agender and raéé

1.2.7 COST

In addition , recent analysis has revealed thattsts of developing post transplant
diabetes are $12,000-$13,000 higher compared thitiseut diabetes by the end of the
first year following transplantation.These cosserio $19,000-$22,000 by the end of the

second yedf=?
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1.2.8 RATIONALE FOR THE STUDY

While the incidence of post-transplant diabeteslieen reported for the African-
American, Hispanic, and White population of the tddiStates of America, and for some
European as well as Asian communities, the preealef PTDM in our various racial
groups in South Africa is not known. This study wlerefore conducted to provide a
South African perspective and to review a singletigeexperience at the Johannesburg

Hospital.
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2. THE STUDY

2.1 STUDY DESIGN

2.1.1 AIMS
To determine
» the incidence of diabetes in patients post reaalsplantation
» the association of diabetes with particular immumppsessive regimens and
ethnicity
* outcomes in terms of morbidity and mortality asatesl with diabetes
post transplant i.e. infections, cardiovasculaeaé®, graft function and survival,

and overall patient survival

2.1.2 METHODS
A retrospective analyses of patient files fromtitaasplant period 01/07/1994 to
30/06/2004 was conducted.
Data collected : Age
Race
Gender
Weight
Date of transplant
Type of transplant (cadaver/ living donor )
Date of onset of diabetes
Random plasma glucose
Fasting plasma glucose

HbAIc

18



Lipid profile

Immunosuppressive regimens

Cumulative dose of corticosteroids used
High dose corticosteroids for acute rejection
CMV infection

Graft rejection

Gratft loss

Cardiovascular mortality

Overall mortality

Diabetes was defined according to American Diab&ss®ciation (ADA) and World
Health Organization (WHO) criteria: Fasting glucesé.0mmol/l (126mg/dl) or random
glucose> 11.1mmol/l .

Cardiovascular mortality was defined by fatal athimyia or ischemia (unstable angina or
myocardial infarction )

Patients known to be diabetic prior to transplaotetvere excluded from the study.

19



2.1.3 STATISTICAL ANALYSES

Qualitative variables were compared using the Fistexact test, and the Wilcoxon test
was used for quantitative variables. Cox regresgias employed to determine the
association between diabetes and immunosupprasgiiraens, adjusted for covariates.
The Kaplan-Meier method was used to display timeftset of new onset diabetes, as
well as the association between diabetes and aadealso displayed “survival time” or

overall mortality

20



2.2 RESULTS

Three hundred and ninety eight renal transplanépitiles were reviewed. There

were 138 White recipients, 193 Black, 32 ColoureaiXed race), 25 Indian and 10

recipients of unknown ethnicity. The number of pats who became diabetic in the

study period was 62/398 (15.58%). This correspdods incidence rate of 3 per

1000 patients per month. There were 36/61 (59.0h%é¢ and 25/61 (40.9%)

female patients who became diabetic compared V1335 (63.28%) and 123/335

(36.72%) respectively, of those who were not di@bet= 0.526.

The mean time to onset of diabetes was 22 montnsge 1 week to 100 months ).

The highest incidence of diabetes occurred initise$ix months post transplant

(43/62 or 69% of patients) — Table 6, Fig 3.

Table 6. Time to onset of diabetes

Duration (months) Post-transplant

Number of patients who became dialie

1

12

2 18
3 6
6 7
12 3
>12 16

The mean age of the non-diabetic patients was 3&86 and 44.54 years for the

diabetic patients, p = < 0.0001.
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Fig 3.

Conversion to diabetes: Kaplan-Meier estimate
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The ethnic variation in incidence of PTDM ( Figwias as follows:
White patients : 13/138 or 9.42%

Black patients : 39/193 or 20.21% , p = 0.100

Coloured ( mixed race )patients : 4/32 or 12.5%

Indian patients: 3/25 or 12%

The interaction between race, diabetes and wesgsttown in Fig 5.
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Fig 4.

Conversion to diabetes: Kaplan-Meier estimate by Race
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The mean weight of the non-diabetic patients wa83Kg) and the diabetic patients had
a mean weight of 69.4kg, p = 0.0056. For an ina@edsveight of 5kg, the RR = 1.2

(95% CI 1.05 — 1.39). For a weight gain of 10k RR = 1.45 (95% CI 1.11 — 1.92).
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The mean total cholesterol (treatment naive) for-diabetics was 5.54mmol/l and

5.92mmol/I for diabetic patients, p = 0.06.

The overall patient survival (calculated in monfiteen date of transplantation to death
or end of study period ) was 79.3% in the non-dialigoup compared with 73.7%

in the diabetic group, HR = 1.45, p = 0.237, Fig 6.

Fig 6.

Overall Survival: Kaplan-Meier estimates
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The association between the immunosuppressive eegused and the development of

PTDM is shown in Table 7.

Table 7. The association between immunosuppressgimen used and diabetes

Agent Diabetic Patients | % Used in combination | % Used in
(%) with CyA combination with FK

Cyclosporine 14.44

(CyA) (51/353)

Tacrolimus 20.25

(FK) (16/79) , p=0.228

Rapamune 11.36

(Sirolimus/Rapa) (5/44)

Mycophenolate 11.97 35.29 64.71

Mofetil (MMF) (17/142) (6/17) (11/17)

Thiazide Diuretics | 17.21 71.43 19.05
(21/122) 15/21) (4/21)

The cumulative dose of steroids that the patiemiewexposed to was 3781mg in the

diabetic group (calculated from the time of traasplto onset of diabetes). In the non-

diabetic group the mean cumulative dose of cortérogds was 8552mg (calculated from

the time of transplant to end of study ). Forty-ted of sixty-two (67.74%) of patients

who developed PTDM also at some point in theirdapgr were given intravenous

corticosteroid pulses ( p=0.351), compared with/285 (61.49%) of the non-

diabetic group.
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Table 8. ASSOCIATION OF DIABETES WITH COMPLICATIONS

Complication Diabetic Patients Non-diabetic patiend
Infections 60/62 254/334
96.77%; p=<0.0001 76.04%
Cardiovascular mortality | 7/62 35/333
11.29% 10.51%
p= 0.824
Graft rejection 13/60 102/329
21.67% 31%
p= 0.145
Graft loss 4/62 49/332
6.45% p=0.078 14.76%
Proteinuria 39/59 151/325
66.1% p= 0.006 46.46%
Serum creatinine( mean) | 220.66 p=0.730 263.21

in umol/I

While diabetic patients were also more frequendggitalized : 51/62 , 82.26% versus

the non-diabetic patients (91/333, 72.67%), thdsnat reach statistical significance

(p=0.113).

Table 9. The type of transplant received and ristha@betes

Type of transplant Diabetic Non-diabetic
Cadaver 55/62 252/307
(CD) 88.71% 75%

P =0.060
Related living donor 6/62 751336
(RLD) 9.68% 22.32
Non-related living donor | 1/62 9/336
(NRLD) 1.61% 2.68%

Five of the 62 diabetic patients, 8.06% (p = 0.98dje transplanted more than once,

compared with the non-diabetic group, 91.96% of mviveere recipients of

first grafts.
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Infection with CMV (Cytomegalovirus) occurred in/62 (28.33%) diabetic patients,

P = 0.004, Crude OR = 2.5, Crude OR adjusted faghte= 5.7. With regard to HIV

infection, 1/62 ( 1.61%) of patients also becanabéiic.

Data for Hepatitis C infection is not available.

Association between pre-existing renal diseasedéatzbtes is shown in Table 10:

Table 10

Pre-existing renal disease Diabetic Non-Diabetic

Hypertension 32/56 (57.14%) 71/309 (22.97%)
P=0.007

Glomerulonephritis

5/56 (8.92%)

46/309 (14.89%)

Adult Polycystic Kidney
Disease

4/56 ( 7.14%)

10/300 ( 3.2%)

Unknown

14/56 (25%)

114/309 (36.89%)

Pre-eclampsia

1/56 (1.78%)

2/309 (0.65%)
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3. DISCUSSION
The incidence of new onset diabetes at our ingiituwas significant at 15.58%.

Montori®® , Woodward et 8t and Kasiske et #all reported similar incidences.

The mean time to onset of diabetes was also veghnmukeeping with the literature:

69% at 6 months post transplantation ( Sharm&etaaid Koselj et &).

Even though there were more Black patients wheldged diabetes when compared
with the other ethnic groups, this did not achistatistical significance, probably related
to the small numbers in our study, which is natémcordance with datashowing that
African American patients are more affected. Thes/rallude to genetic predisposition in
these individuals. Another factor that supports theory is the fact that the mean weight
for Black patients was not much different betweasndiabetic group versus the non-
diabetic group. The other ethnic groups gained éeinb-10kg of weight before they
became diabetic ( Fig.5). This shows a significhfierence in weight and diabetes onset
between the ethnic groups, as well as a significaataction between races, with the
White and Coloured groups being almost identicat. &weight gain of 5kg, the relative
risk of becoming diabetic was 20%, and for a 10leggivt gain , the relative risk rose to
46%. There was a significant interaction betweerMdMection, weight and diabetes
onset, with the Crude OR = 2.5 for CMV and diabgetbes the OR when adjusted for
weight was double that at 5.7. Indeed, the liteeif3°*strongly suggests that active
CMV infection may increase the risk of developintOmM by affectingB-cell mass,

insulin secretion or both.

28



The age at onset of diabetes was also signifieaehawn by the finding that the mean
age for diabetic patients was almost a decade tharethe non-diabetic patients ( 44.5
vs 36.4). The variation with regard to gender watssignificant, however a recent
study” indicated that women were more likely to devel@D® even after adjustment

for age, but the study population was not largeughdo discriminate between the sexes.

Of the patients who were on a Tacrolimus (FK)-bagsgimen, 20.25% became diabetic
i.e one out of every 5 patients treated with FK.il/this did not reach statistical
significance when compared with CyA, it is stillnsistent with the findings of
institutions worldwid&®3°323% 14.44% of the patients on CyA became diabetier@h
appeared to be a large number of patients on MM& lmdtame diabetic but when
adjusted for concurrent use with the calcineurmhbitors: 64.71% were also on

FK, and 35.29% on CyA. 17% of the patients who tttodzide diuretics became

diabetic, and of those, 71.43% were also on CyA,tae remaining 19% were on FK.

It seems that diabetic patients were exposed terlewmulative doses of corticosteroids
(3781mg) compared with 8552mg in the non-diabatiug; however, it would have
been a more significant comparison had the durati@xposure been looked at
concurrently. A recent French stddyid just that and found that the cumulative doses
of corticosteroid were similar between the groupd was not statistically significant.
The diabetogenicity of corticosteroid therapy idlweown*"*¢*® but not borne out in

this study and some more recent studi&s

The mean total cholesterol (treatment naive) wgafgsantly higher in the diabetic

group versus the non-diabetic patients. This keieping with findings by Kyu Yeon
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Hur et af®.

With regard to complications, diabetic patients baphificantly more infections, 96.77%
p = < 0.0001. Diabetic patients were also moreueadly hospitalized : 82.26% vs
72.67% of the non-diabetics. Cardiovascular motpiand mortality statistics, while
appearing greater in the diabetic group, did nbtea@ statistical significance probably
owing to small numbers. Proteinuria was significarthe diabetic group 66.1%, p =

0.006, whereas graft rejection and graft loss wetewhen compared to the non-diabetic

group.

The difference in overall patient survival betwelea study groups did not achieve
statistical significance, however diabetes did eoafhazard ratio of 1.45 which means
that once the patient becomes diabetic, therélEaincrease in risk of death at any
given point in the disease. While the survival sapproximated the non-diabetic group,

the diabetic patients did die sooner (Fig 6).

Fifty-five of the 62 patients who became diabaticeived cadaveric grafts, p = 0.06.
Sumrant? and Davidsoff reported similar findings. The reason may be that
immunosuppressive regimen used in these patiedtsohae intensified to prevent graft

rejection.

The only pre-existing renal condition to have angigant association with the onset of
Diabetes, was hypertension at 57%, p = 0.007. Beent studies supports this
finding®®?3 While there is no clear pathogenetic link betwkgpertension and diabetes,

these patients could be predisposed because aficent metabolic syndrome, or
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as a result of certain medications eg. thiazideetiics and3-blockers that were used
post-transplant for blood pressure control. Epiddagically, we know thag-blockers

might predispose to diabetes, but a recent $fudig not find a significant association.
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4. CONCLUSION

The incidence of new onset diabetes post-transgtiantis as significant in the South
African setting as it is worldwide. The first sixomths after transplantation poses the
greatest risk for the development of diabetes,thadisk increases with time
post-transplantation. PTDM has a course that reksmitype 2 diabetes but differs in
that it may be reversible. South African Black pats are most at risk, as are their
African-American counterparts. An older age grond weight gained also portends a
greater risk for the development of diabetes, &s dwtive cytomegalovirus infection

(CMV).

The immunosuppressive regimen used plays a latgerrputting patients at risk for
diabetes: we now know that even at our institite use of Tacrolimus was
associated with a significant percentage of paiaito became diabetic, compared
with Cyclosporine. Corticosteroid therapy did nppaar to impact much on the onset
of diabetes and the use of diuretics in combinatigh calcineurin inhibitors poses a

greater risk for the development of diabetes p@stsplant.

The onset of diabetes was associated with thepteokcadaveric grafts and was also

more likely if the patient had been hypertensivierpio transplantation.

There were more hospitalizations among the dialpatiients, probably related to the
significantly greater number of infections in tigi®up compared with the non-diabetics.
Diabetic patients were more proteinuric but thi$ ot translate to reduced graft function
as the mean serum creatinine was actually lowtrdrdiabetic group. There was no

association with increased graft loss or rejection.
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The numbers of diabetic patients with cardiovascwmarbidity and mortality were not
adequate to reach statistical significance , butifose who did succumb, the higher
cholesterol levels may have been contributory. Bligtpatients died sooner than the
non-diabetic patients and diabetes conferred aywmytazard ratio for death among

these patients.
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5. RECOMMENDATIONS

There exists very little doubt that the onset afbeites post transplantation is a sinister,

but fortunately preventable and in some casesrsile condition.

Patients need to be risk stratified prior to trdasfation according to: family history of
diabetes, body mass index (BMI), the presenceefmbetes ( impaired fasting glucose
or impaired glucose tolerance), age and ethni€itye immunosuppressive regimen then
needs to be tailored to the individual. Patientsdt® be rigorously monitored for
diabetes especially for the first six months pomtgplant. If a patient becomes diabetic

while on tacrolimus, sirolimus may be substituted.

The management of a post transplant patient whdéesme diabetic has not been
studied, however, the guidelines do not that diiffem how one would manage a non-

transplant diabetic patient in the general popaoihati

As this was a retrospective study from patient régothe data retrieved was not always
complete eg. | could not measure BMI. | did notdab the asssociation of diabetes with:
hepatitis C infection which is well describgdblockers and the full lipid profile (only
total cholesterol was assessed). The cumulative adbsorticosteroid was not calculated
according to duration which makes comparison beatvgeeups difficult. A further
limitation is that because it is a retrospectivalygt the diagnosis of diabetes was not

always true especially if based on a single ranttmuod result.

| recommend a prospective study to address thes#als and thereby provide a

more detailed evaluation of this condition.
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APPENDIX A

THE INTERNATIONAL DOLLAR

The international dollar is a hypothetical unitcofrency that has the same purchasing
power that the U.S. dollar has in the United Statesgiven point in time, i.e. it means
the U.S. dollar converted ptirchasing power parity (PPP)exchange rates. It shows
how much a local currency unit is worth within g@ntry’s borders. It is used to make
comparisons both between countries and over timee¥ample, comparing per capita
gross domestic product (GDPYf various countries in international dollars, etthan
based simply on exchange rates, provides a moie malasure to compare standards of
living.

The term, while not in widespread use, is sometinses! by international organizations
such as the World Bank and the International Mawyefand in their published statistics.
Figures expressed in international dollars caneatdnverted to another country’s
currency using current market exchange rates;adsteey must be converted using the

country’s PPP exchange rate used in the study.
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APPENDIX B

3571 -
= fal B . _

;@ o 251 =
8 =3 = 201t e
% o :
o R = =gl ”,‘- -
LE) ~ _ 10 e A
2 Ve
©
= ; :
% 365 730
O

OSSNSO . | 1 TSP SR

Time pre- and post-transplant (days)

Figure 1— Incidence of diabetes before and
after transplantation in patients receiving Lld-
crolimus (—) or cyclosporine (- - -). At 1 year

posttransplant, the incidence of new-onset dia-
betes was significantly lower in patients receiv-
ing cyclosporine than in those receiving
tacrolimus (14.1 vs. 22.9%: P < 0.0001).
(From Woodward RS, Schnitzler MA, Baty |, et
al.: Incidence and cost of new onset diabetes
mellitus among U.S. waitlisted and trans-
planted renal allograft recipients. Am J Trans-
plant 3:590-598, 2003, with permission from
Blackwell Publishing Ltd.)
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APPENDIX C

Table 1—RR for ischemic heart disease among transplant recipients >1 year after kidney

transplantation (8)

Men Women
Transplant Transplant
Risk [actor Control recipient Control recipient
Age (years) 1.05 1.06% 1.40 1.10
Cholesterol (mg/dl)
<160 0.52 0.007 0.77 0.007
160-199 1.00% 1.00% 1.00+ 1.00%
200-239 .19 2.39 1.23 2.07
240-279 1.66 2.02 1.28 144
>280 1.93 2:23 1. 71 1.84
Blood pressure (mmHg)
<120 and <80 1.00 §:29 0.59 0.56
120-129 or 80-84 1.00% 1.00% .00+ 1.00F
130-139 or 85-89 33 1.05 0.93 1.26
140-159 or 90-99 .68 1.19 1.30 1.63
=160 or =100 1.86 1.47 1.59 0.31
Diabetes 1.53 2,75" 1.82 540
Smoking 1.69 1.95*% 1.34 1.82

A RR of =1.00 indicates a higher or lower risk for ischemic heart disease, respectively. Control subjects are
from the Framingham Heart Study. *P < 0.05 compared with relerence risk values for transplant recipients;
oo few patients were available 1o reliably assess this risk; Freflerence risks for cholesterol levels and blood

pressure are indicated by 1.00.

Jamie A Davidson. New Onset Diabetes After Transplantation 2003 International
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