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Introduction and aim: New onset diabetes after transplantation (NODAT) is a serious meta-

bolic complication following kidney transplantation. Although beta-cell dysfunction is considered

the main contributing factor in the development of this complication, its exact etiology is yet to be

identified.We aimed to investigate NODATamong kidney transplant cohort in Kuwait with special

stress on correlation between its risk factors and interferon gamma genotyping.

Materials and methods: We surveyed 309 kidney transplant recipients from Hamed Al

Essa Transplantation Centre, Kuwait. The participants were categorized into cohorts accord-

ing to the development of NODAT diagnosed based on the American Diabetes Association

guidelines. Statistical analyses were performed using SPSS software. We genotyped inter-

feron gamma as the leading immunosignature for T lymphocyte.

Results: No relationship between ethnicity and the development of NODAT was identified.

However, there was a significant difference in age between cohorts. Younger patients

demonstrated a lower rate of NODAT while, NODAT reached its maximum in 40–60-year

age group. IFNG TT genotype was significantly associated with NODAT (p=0.005), while

IFNG AA was considerably higher in the non-NODAT group.

Conclusion: Beside the conventional contributing factors of NODAT, our results might

represent a suitable platform for a larger cytokine and chemokine spectrum genotyping.
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Introduction
New onset diabetes after transplantation (NODAT) occurs in a substantial number

of patients following renal transplantation. NODAT is associated with increased

mortality and morbidity rates of cardiovascular disease and infection, which are

some of the leading causes of death in kidney transplant recipients (KTR). The

incidence of NODAT varies according to duration of the transplant, the study

population and the immunosuppressive agents used. The diagnosis of NODAT is

made when individuals are on a maintenance dose of immunosuppressants and are

clear of infection with stable graft function. Generally, these conditions occur three

months post-transplant.

Diabetes and impaired glucose tolerance occurring as a complication of organ

transplantation has been recognized for many years. Different studies have reported

incidence rates of 2–53%.2 NODAT has been reported to occur in 4–25% of KTR.3–5

It is more common in African Americans and Hispanics than Caucasians and

Asians.6 Currently, aside from a few epidemiological studies, there is a dearth of

information about NODAT in Arab populations.7–12 These studies suggest that

around 25–30% of KTR develop NODAT in Arab countries. More specifically, the
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incidence of NODAT after kidney transplantation is 27% in

Saudi Arabia,7,8 30% in Bahrain,9 22.2% in Egypt10 and

recently it was reported as 25.6% in Kuwait.11,12

One-third of non-diabetic KTR develop impaired glu-

cose metabolism six months post-transplant and those with

transient hyperglycemia may be at higher risk of NODAT

later.13 Therefore, healthcare professionals must remain

vigilant when managing this high-risk group. The need to

screen for diabetes is crucial, alongside patient education,

prior to transplant, on the risk of developing NODAT

within 12 months of transplantation.

Risk factors for the development of NODAT are cate-

gorized as non-

modifiable and modifiable. Non-modifiable factors include

patient age, ethnicity, race or gender of organ recipient or

donor and human leukocyte antigen (HLA)-match.

Modifiable agents include patient weight and immunosup-

pressive therapies (eg, tacrolimus, cyclosporine and corti-

costeroid), infectious agents (eg, BK virus, hepatitis

C virus [HCV] and cytomegalovirus [CMV]), fasting

plasma glucose (FPG) level and glucose tolerance.2,14,15

Modifiable risk factors exert their effects through the

body’s immune system.16

The evidence suggests that immunosuppressant medi-

cation (particularly tacrolimus) is responsible for 74% of

NODAT diagnoses.15 Calcineurin inhibitors (CNI) might

contribute to NODAT via islet cell toxicity and inhibition

of insulin secretion or expression; the pro-diabetic effects

of CNIs have differed between cyclosporine (CSA) and

tacrolimus (Tac)17 with lower risk of NODAT in CSA than

Tac-based regimens. The lower diabetogenicity of CSA

than Tac has been further supported by literature showing

that switching from Tac to CSA in kidney transplants

resulted in resolution of NODAT.18,19 Moreover, the

Santos group concluded that the combination of sirolimus

and tacrolimus was the most diabetogenic, followed by

sirolimus and mycophenolate; however, sirolimus and

cyclosporine were the least diabetogenic.20

Interferon-gamma (IFN-γ), also known as type II inter-

feron or macrophage-activating factor,21 is a multipotent

cytokine with a molecular weight of around 17 kDa that is

secreted by activated T cells and natural killer cells and

modulates many facets of the immune response.22

It is well established that the IFN-γ gene polymorphism

at position +874*T/A (IFNG) of the first intron is corre-

lated with the serum level of IFN-γ production and mRNA

expression in vitro and in vivo; the TT genotype is corre-

lated with high production, and TA and AA are correlated

with intermediate and low production, respectively.22–26

This polymorphism coincides with a putative NF-κB bind-

ing site that may mediate high production of IFN-γ.27,28

Immunogenetic genotyping was not assessed fully among

renal transplants with NODAT.

In this study, we aimed to investigate new onset dia-

betes after transplant among kidney transplant cohort in

Kuwait with special stress on correlation of conventional

risk factors and interferon gamma genotyping.

Materials and methods
Study population
In this cross-sectional study, all patients were enrolled

from Dasman Diabetes Institute (DDI) Diabetes

Education Department and outpatient clinics of the

Hamad Al Essa Organ Transplant Centre (OTC) between

May 2015 and December 2016. Recruited patients were

categorized into two groups according to the presence or

absence of NODAT: NODAT group comprised 154 kidney

transplant patients who developed NODAT within

6 months post-transplant and non-NODAT group com-

prised 155 kidney transplant patients without NODAT

post-transplantation. All patients received their kidney

grafts between 2000 and 2015, had no history of diabetes

before transplantation and had stable kidney function at

the time of enrolment. Table 1 summarizes the demo-

graphic data of the studied patients.

Signed informed consent forms were obtained from all

the patients in this study. The research was conducted in

accordance with the principles of the Declaration of

Helsinki and Good Clinical Practice guidelines and

adhered to local and national regulatory requirements and

laws. We excluded pediatric patients, pregnant women and

mentally retarded patients. Patients with estimated glomer-

ular filtration rate (eGFR) below 30 ml/min/m2 were not

considered in this study due to well-being issue throughout

the study period.

Diagnosis of NODAT and interferon

genotyping
We screened all KTRs for FPG and HbA1c, according to

KDIGO guidelines.29 If an abnormal result was obtained,

we performed an oral glucose tolerance test to confirm the

diagnosis. In these cases, diabetes management was intro-

duced immediately, including diet, exercise, oral agents

and/or insulin, in addition to regular monitoring of blood

sugar at home.
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Table 1 Demographic characterization of our study subjects

Age Group, years NODAT
N=154 (%)

Non-NODAT
N=155 (%)

p-value Chi square

21–<40 28 (18.1) 98* (63.2) <0.00001 68.61

40–60 80* (52.0) 45 (29.1) 0.00004 58.10

>60 46* (29.9) 12 (7.7) <0.00001 68.62

Mean 52.85±11.4 38.97±13.1 <0.00001 48.63

Donor mean age/years 34.4±9.1 34.7±8.8 0.77 2.31

Nationality

Kuwaiti 76 (49.4) 93 (60.0) 0.134 4.02

Non-Kuwaiti 78 (50.7) 62 (40) 0.132 4.04

Patient sex (male/female) 107/47 112/43 0.591 0.29

Original kidney disease

Idiopathic 42 (27.3) 33 (21.3) 0.14 6.83

Glomerulonephritis 50 (32.5) 69 (44.5) 0.10 6.10

Hypertension 10 (6.5) 9 (5.8) 0.15 6.82

Urological 10 (6.5) 14 (9.0) 0.146 4.60

Others 42 (27.2) 30 (19.3) 0.132 6.83

Virology

HCV (+ve/-ve) 12/142 2/153 0.006 7.55

CMV IgM (+ve/-ve) 1/153 5/150 0.10 2.39

IgG (+ve/-ve) 153/0 148/5 0.024 7.08

Dialysis type

Hemodialysis 118 (76.6) 121 (78.0) 0.157 5.20

Peritoneal dialysis 16 (10.4) 14 (9.1) 0.154 5.26

Preemptive 20 (13.0) 20 (12.9) 0.251 1.20

Pre-transplant co-morbidities

Hypertension 123 (87.9) 117 (81.2) 0.124 2.36

Pre-transplant TB exposure 41 (26.6) 41 (26.5) 0.97 0.001

Ischemic heart disease 19 (14.0) 13 (9.0) 0.194 1.69

Bone disease 28 (20.4) 27 (19.3) 0.810 0.06

Anemia 41 (30.8) 39 (28.5) 0.671 0.18

Hyperlipidemia 7 (5.3) 6 (4.3) 0.714 1.34

Donor type

Live related 132 (85.7) 125 (80.7) 0.363 2.02

Cadaveric 22 (14.3) 30 (19.3) 0.362 2.03

Induction immunosuppression

None 20 (13.0) 11 (7.1) 0.053 6.44

IL2 receptor blocker (simulect) 34 (22.1) 30 (19.4) 0.052 6.77

Anti-thymocyte globulin 47 (30.5) 69 (44.5) 0.050 7.68

Others 53 (34.4) 45 (29.0) 0.054 6.65

Type of maintenance immunosuppression:

Cyclosporine based 82 (53.9) 63 (42.0) 0.067ns 7.16

Tacorlimus based 64 (42.1) 82 (54.7) 0.062 7.31

Steroid free 2 (1.3) 4 (2.7) 0.065 6.99

CNI free 4 (2.6) 1 (0.7) 0.067 6.2

(Continued)
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Genomic DNA was extracted from 5 mL of fresh

peripheral blood samples using the QIAamp DNA Mini

Kit (QIAGEN) according to the manufacturer’s instruc-

tions. Extracted DNA samples had a final concentration of

55–365 ng/mL. Samples were stored at −20°C prior to use.

Moreover, genotyping was performed using triprimer

amplification-refractory mutation system (ARMS) poly-

merase chain reaction (PCR) analysis, and patient identi-

fication was anonymized to conceal the case/control status.

Immunosuppression protocol
Our immunosuppression protocol consisted of five doses

of anti-thymocyte globulin (Sanofi US, Bridgewater, NJ,

USA) for high-risk patients (re-transplants, prior preg-

nancy, blood transfusion, HLA-antibody positive and/or

more than four HLA mismatches), or two doses of IL-2

receptor blocker (Basiliximab, Novartis, Inc., Switzerland)

for low-risk patients. Maintenance therapy consisted of

prednisolone, mycophenolic mofetil (MMF) and a CNI.

We gradually decreased the dose of CNI over 12 months,

guided by 12 hrs trough level.

Acute cellular rejection (ACR) was treated with

intravenous methylprednisolone sodium succinate (solu-

medrol, 1 g daily for 3 days) or thymoglobulin (1 mg/kg

for 7–10 days) for steroid-resistant rejection. Any patient

with an episode of acute antibody-mediated rejection

(AMR) was treated with 10 sessions of volume plasma

exchange, intravenous immunoglobulin (IVIG) (2 g/kg)

and a single dose of rituximab (375 mg/m2). All rejec-

tion episodes were biopsy-proven according to Banff

criteria. Patients who received thymoglobulin as anti-

rejection therapy were managed by universal chemopro-

phylaxis for both CMV and Pneumocystis Jirovecii

Pneumonia (PJP). Valganciclovir (VGC) was used as

CMV secondary prophylaxis for one month, while

those who developed CMV viremia during this period

were managed with a therapeutic dose for three weeks,

followed by three months prophylaxis. Trimethoprim

was used for one month as a prophylaxis for PJP.

Patients were monitored daily during their hospital stay

and, then, at each outpatient visit for complete blood

picture, serum creatinine, creatinine clearance, liver

function tests (bilirubin, liver enzymes and albumin)

and drug levels. CMV DNA was tested by PCR at the

time of transplant, and at 1, 2, 3, 6, 9- and 12 months

post-transplantation. Patients with a significant CMV

quantitative PCR titre were treated with VGC or intra-

venous ganciclovir (GCV), according to the clinical

situation. Treatment was given for three weeks, followed

by secondary VGC prophylaxis of 900 mg/day for three

months. Associated infections were recorded if they

necessitated hospital admission. Details of patients who

developed CMV disease or rejection episodes during the

study period were recorded.

Patient follow-up
Before enrolment of patients in this study, they were fol-

lowed up in OTC clinics according to the following sche-

dule: twice-weekly for the first month after transplantation,

once a week in months 2 and 3, every 2 weeks for months

4–6, every 4 weeks for months 6–12 and every 1.5–2 months

thereafter, if no complications occurred.30 Demographic data

of the enrolled patients were collected in both the OTC and

DDI with special interest on patient and donor age and sex,

donor type, immunosuppressive therapy, dialysis type and

duration, primary renal disease, rejection or infection

Table 1 (Continued).

Age Group, years NODAT
N=154 (%)

Non-NODAT
N=155 (%)

p-value Chi square

Graft function

Immediate 90 (58.4) 94 (60.6) ns 1.22

Slow graft function 21 (13.6) 36 (23.2) 0.03 8.87

Delayed graft function 9 (5.8) 6 (3.9) ns 2.33

Unknown 34 (22.1) 19 (12.3) 0.02 8.98

Basal BMI (mean±SD) 28.07±5.58 26.11±7 0.014

Last BMI (mean±SD) 29.92±5.37 29.04±6.2 0.215

Basal fasting blood sugrat 9.5±1.4 4.5±0.65 <0.001

Basal HbA1C 6.96±1.5 5.2±0.46 <0.001

Abbreviations: BMI, Body mass index; CMV, Cytomegalovirus; HCV, Hepatitis C Virus; IL2, Interleukin 2
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episodes and graft and its outcome. Laboratory work regard-

ing interferon genotyping was performed in DDI.

Statistical analysis
Statistical analyses were performed with SPSS software

(SPSS, version 20.0, IBM Corporation, Armonk, NY,

USA). Sample size was calculated to accept a marginal

error of 6.6% (95% CI) in a normally distributed popula-

tion. Variables and means were compared using paired-

sample t-test, independent sample t-test, chi-squared test,

Fisher exact test and ANOVA, as appropriate. Results are

expressed as means ± standard deviation, and differences

were considered significant at P≤0.05.

Ethical Approval
This research was performed upon receipt of written

approval from our institutional International Scientific

Advisory Board (ISAB) under RA 2015-013 reference.

Results
In our cohorts, most of the patients (56%) were Kuwaiti,

vs (43.8%) non-Kuwaiti (Table 1). Moreover, the two

groups were comparable regarding their original kidney

disease, dialysis type, donor type and the type of both

induction and maintenance immunosuppression (p>0.05).

Also, pre-transplant co-morbidities were comparable in

both groups, including hypertension, history of exposure

to tuberculosis bacilli, ischemic heart disease, bone dis-

ease, anemia and hyperlipidemia (p>0.05). We noticed that

younger patients, up to 40 years old, were significantly

prevalent in non-NODAT cohort (p<0.0001). Although

most of our patients were in the middle age group

(41–60 years old), patients over 60 were more prevalent

in the NODAT cohort group (p<0.0001) (Figure 1). They

had all received grafts from 30- to 40-year-old donors

(p>0.05). We observed that patients with chronic hepatitis

C were significantly more prevalent in the NODAT group

(12 cases in NODAT vs 2 cases in non-NODAT, p=0.006),

as shown in Table 1. Moreover, the number of patients

with positive CMV IgG was significantly higher in the

NODAT group (153 vs 148, p=0.024); however, the two

groups were comparable regarding pre-transplant CMV

IgM (p>0.05). Post-transplant graft function was assessed,

and we found better graft function (as represented by

immediate and slow graft function) among patients in the

control group (p=0.031). We observed that the mean body

mass index (BMI), at the time of transplant, was signifi-

cantly higher in the NODAT group (28.07±5.5 vs 26.11±7;

p=0.014), while mean BMI, at the time of enrolment, was

comparable in both groups (p=0.21).

From Table 2, we found that KTRs with BK viremia or

BK viral-associated nephropathy were comparable in the

studied groups (p>0.05), while cases with CMV viremia

were significantly more prevalent in the control group

(p=0.012).

Regarding post-transplant immunological complica-

tions, we found that the mean number of acute rejection

episodes was comparable between the two groups

(p=0.33). Moreover, we did not find any significant

P=>0.001

%

140
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>60

Figure 1 Illustration of age specificity among study group.

Notes: The trend among non-NODAT follows the age factor and patients’ physiology. The younger the age, the higher their tolerance towards the disease. NODATreaches

its extremities among middle age category, 40–60 years.

Abbreviation: NODAT, new onset diabetes after transplantation.
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difference between the two groups regarding both graft

and patient outcome (p>0.05) (Table 2). We found

a significant association between IFNG TT genotype and

NODAT (p=0.005), while the IFNG AA genotype was

considerably more prevalent in the non-NODAT group

(both Kuwaiti and non-Kuwaiti) (p=0.004) (Table 4). The

allelic distribution of the IFNG T allele in NODAT and the

IFNG A allele in the non-NODAT group were significantly

higher (p<0.0001) (Table 4); however, this effect was only

observed when the alleles were paired by genotype. There

was a significantly higher prevalence of patients with the

TT genotype among the diabetic non-Kuwaiti cohort and

Kuwaiti non-diabetics (p=0.02). Both AA and AT geno-

types were significantly more prevalent in the NODAT

group, especially in those with HCV infection (Table 4).

Moreover, the TT genotype was significantly more preva-

lent in the non-NODAT group especially those with post-

transplantation CMV viremia (Table 4).

We observed that there was a significantly higher pre-

valence of patients with chronic HCV infection in the

PTDM group (12 cases in the PTDM group compared

with two cases in the control group (p=0.006)). The AT

genotype was significantly higher in non-Kuwaiti diabetic

patients (p=0.006).

Discussion
Different reports showed variation in the prevalence of

NODAT among KTR as it ranged from 4% to 25%.3–5 In

Kuwait, Mahmoud T et al in their survey in 2017, that

included nearly 1,400 renal transplant recipients, found

that the prevalence of NODAT after a mean follow-up of

10.25±6.25 years was 25.6% (356 out of 1,392). Kasiske

and co-workers reported a prevalence of 26% at 3-year

follow-up in the United States.31

IFN- γ is a proinflammatory cytokine that plays a crucial

role in the host defense by directing the immune response to

proinflammatory mediators such as TNF-alpha, IL-2 and

IL-6;32 therefore, IFN- γ is regarded as a key mediator in

several models of inflammatory diseases.27,32–36 Depending

on genotype and IFN- γ production rate in vitro, individuals

are either categorized as low (AA), intermediate (AT) or

high (TT) IFN- γ producers. However, there is considerable
interindividual variation in the degree of systemic inflam-

matory activation as cytokine production is partly geneti-

cally determined.

In this study, we aimed to investigate new onset dia-

betes after transplant among kidney transplant cohort in

Kuwait with special stress on correlation of conventional

risk factors and interferon gamma genotyping.

PTDM has emerged as an increasingly important deter-

minant of outcome and survival in RTRs. During our study

period, 309 of the patients who visited the outpatient clinic

at the Hamed Al-Essa Organ Transplant Center agreed to

take part in the study. Before enrolment of patients in our

study, graft function was assessed at 6 months and 12

months after transplant. We found no significant difference

between the NODAT and non-NODAT patients regarding

mean serum creatinine. In the current study, age-specificity

Table 2 Post-transplant complications in the study group

NODAT
N=154 (%)

Non-NODAT
N=155 (%)

p-value Chi square

BK virus infection

BK viremia 12 (8.5) 21 (14.2) 0.13 2.30

BK Nephropathy 3 (2.1) 2 (1.4) 0.63 0.233

CMV viremia 21 (19.3) 40 (34.2) 0.01 6.37

Mean rejection episodes 1.32±0.47 1.47±0.66 0.332

Graft outcome

Functioning 140 (90.9) 145 (93.5) 0.25 2.75

Failed 12 (7.8) 6 (3.9) 0.24 2.8

Lost follow up 3 (1.3) 4 (2.6) 0.36 2.69

Patient outcome

Living 150 (97.4) 151 (97.4) 0.26 2.66

Dead 2 (1.3) 0 0.24 3.45

Lost follow up 2 (1.3) 4 (2.6) 0.35 2.28

Abbreviation: CM, cytomegalovirus
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was significantly different between NODAT versus non-

NODAT cohorts (p=0.02, >21 years; p=<0.00001, 21–40

years) the difference was most extreme in the 41–60 group

(p<0.00001) and was high in the over-60 group

(p>0.00001), as shown in Table 1 and Figure 1.

Interestingly, in both groups, male gender dominance

was an apparent characteristic of our cohorts, which was in

agreement with several studies that reported that recipients

of organs were mainly males, possibly reflecting a gender

bias in the incidence of transplant-related pathologies.37

NODAT was reported to be more common in female graft

recipients.38 However, in the present study, we did not

notice any significant gender specificity in our NODAT

cohort (Table 1). Conversely, in a general Saudi popula-

tion, NODAT was found to be slightly more prevalent in

males.8

We found that the IFNG TT genotype was significantly

associated with PTDM (p=0.005), while IFNG AAwas con-

siderably higher in the control group (p=0.004). This sug-

gests that IFNG TT, which corresponds to higher IFN-γ
levels, might be significantly associated with the progression

of PTDM. On the other hand, IFNG AA, which is correlated

with low IFN-γ, can be a protective genotype against PTDM
progression. The allelic distribution of the IFNG T allele in

PTDM and the IFNG A allele in the control group were

significantly higher (p=0.0002) (Table 3); however, this

effect was only noted when the alleles were paired according

to genotype. This observation could be explained by the IFN-

gamma receptor which might play a key role in CD4+ T cell-

mediated β cell destruction and therefore, FN-γ receptor

deficiency prevents diabetes induction by diabetogenic

CD4+ T cells but not CD8+ T cells.39

Similarly, compared with the AA and AT genotypes,

Yates et al in 2012 found a strong association between TT

and IFNG in the PTDM group compared with the control

group. In addition, there was a correlation between the

IFNG TT genotype and high IFN-γ protein levels.17

Furthermore, the IFNG AA genotype was more prevalent

in the control group; thus, the correlation between the AA

genotype and low serum IFN-γ protein may serve to pro-

tect against PTDM. In our cohort, despite the strong asso-

ciation between the T and A alleles, a phenotypic effect

was only obvious upon their combination as a genotype

(Table 3).

TT genotype was significantly more prevalent among

the diabetic non-Kuwaiti cohort and the Kuwaiti control

group (p=0.02). Moreover, TT genotype was signifi-

cantly more prevalent in the control group with post-

transplantation CMV viremia (Table 4). Similarly, we

found that most of the control patients were younger

than 40 years, while most of the PTDM patients were

older than 40 years (Table 4). Our results did not agree

with the univariate analysis described by Babel et al,

who reported that IFNG AA genotype was associated

with PTDM.40 They reported an association between

IFNG AA and type 2/steroid-induced diabetes, while

our cohorts did not have a history of diabetes (Table 1).

Oxenkrug et al reported that aging was associated with

chronic, low grade, TH-1 type inflammation. The hypoth-

esis of the IFNG-inducible IDO/GTPCH inflammation cas-

cade helps to explain the increased association between

aging, inflammation and aging-associated psychiatric and

other medical disorders such as insulin resistance and

obesity.41 Previous studies have shown that aging is accom-

panied by an increased inflammatory status42,43 and is asso-

ciated with remodeling of the immune system.44 Moreover,

due to elevated levels of IFN-γ in nephropathy patients, it

could be concluded that IFN-γ is involved in nephropathy

complications of type 2 diabetes.45

RTRs often undergo severe immunotherapeutic regi-

mens that affect the immune system. The present study

aimed to identify the immunity status of our PTDM cohort

Table 3 Ethnic distribution and interferon gamma alleles/geno-

types in the studied groups

PTDM
n=154 (%)

Control
n=155 (%)

p-value

Nationality

AA

Kuwaiti

Non-Kuwaiti

9 (41)

13 (59.1)

26 (63)

15 (37)

ns

AT

Kuwaiti

Non-Kuwaiti

28 (57)

21 (43)

29 (51)

28 (49)

ns

TT

Kuwaiti

Non-Kuwaiti

39 (47)

44 (53)

8 (67)

19 (33)

0.02

IFNG allele

A

T:

93 (30%)

215 (70%)

139 (50%)

155 (50%)

0.0002

IFNG Genotype

AA

AT

TT

22 (14)

49 (31)

83 (54)

41 (26)

57 (37)

57 (39)

0.004

ns

0.005
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by analyzing the mechanism of IFNG as a TH1 cytokine

profile initiator. Our results revealed that both groups were

homogeneous in terms of the number of patients with

different immunosuppressive agents, which nullified the

influence of the immunotherapeutic regimen.

Mahmoud et al reported that the homozygous geno-

types AA and TT were more commonly associated with

diabetes in rheumatoid arthritis (RA) patients, with

a contribution of the A allele. In their study, IFN-γ
serum levels were elevated in RA patients, with and with-

out diabetes, and were significantly correlated with

C-reactive protein (CRP) levels.46 RA patients with dia-

betes showed significantly elevated CRP and IFN-γ levels

compared with RA patients without diabetes, indicating

greater disease activation and immune stimulation in these

patients. Moreover, RA patients have an increased risk of

insulin resistance and type 2 diabetes due to the associated

systemic inflammation.47 IFN-γ was found to be involved

in the pathogenesis of DM, and the frequency of the low

IFN-γ production allele (A allele) was significantly higher

in patients with type 2 diabetes compared with the

controls.48 IFN-γ was found to be associated with various

diseases, including infectious diseases such as hepatitis B,

Helicobacter pylori gastritis and tuberculosis,49,50 as well

as autoimmune diseases such as systemic lupus erythema-

tosus and scleroderma.51Our cohort patients were matched

regarding H. pylori infection, exposure to TB and auto-

immune disease as all patients in both groups had negative

screen results pre-transplant.

HCV infection has been shown to be associated with

IFNG and the development of type 2 DM in the general

population.52 In the present study, we observed that there

was a significantly higher prevalence of patients with chronic

HCV infection in the PTDM group, especially among cases

with the AT genotype (Tables 1 and 4). This finding was in

accordance with previous studies that highlighted chronic

HCVas a risk factor for PTDM.53 There was a significantly

higher prevalence of AA and AT genotypes in the PTDM

group (p=0.05 and 0.007, respectively), especially in those

with HCV infection (Table 4). This might be due to sex-

dependence of HCVas well as IFNG.54–57

Some previous studies suggested that both asympto-

matic CMV infection and CMV disease were indepen-

dently associated with the development of PTDM,58

while other studies reported that CMV was not a risk

factor for PTDM.59–61 In the present study, while

a significantly higher number of patients were positive

for CMV IgG in the PTDM group (p=0.02), pre-

transplantation CMV IgM was comparable between the

two groups (p>0.05). However, there were significantly

more patients with post-transplantation CMV viremia in

the control group, especially with the TT genotype (Table

2). This could be explained by the routine chemoprophy-

laxis used for all patients after transplant which nullified

CMV as a risk for PTDM in our cohort.

Our data suggest that inflammation of islet β-cells may

play a crucial role in the pathogenesis of PTDM in RTRs.

The significant variations in IFNG to pancreatic β-cell
inflammation and loss could be due to a deviation of

SOCS/Treg Fox P3 cross-regulation toward T cell-

mediated immunity. Our results support a previously

reported association of a deviation in SOCS/Treg Fox P3

Table 4 IFNG in relation to demographic variables

IFNG PTDM
group

Control
group
N=155

p-value chi
square

AA

Male

Female

12 (54.5%)

10 (45.5%)

22 (53.7%)

19 (46.3%)

0.96 0

AT

Male

Female

29 (59.2%)

20 (40.8%)

49 (86%)

8 (14%)

0.002 9.7

TT

Male

Female

66 (79.5%)

17 (20.5%)

41 (71.9%)

16 (28.1%)

0.29 1.1

Age Group/Years

AA <40 5 (22.7%) 30 (73.2%) 0.00046 (15.3)

40–60 10 (45.5%) 8 (19.5%)

>60 7 (31.8%) 3 (7.3%)

AT <40 8 (16.3%) 36 (63.2%) 0.000002 (26.5)

40–60 29 (59.2%) 19 (33.3%)

>60 12 (24.5%) 2 (3.5%)

TT <40 15 (18.1%) 32 (56.1%) <0.000011

(22.8)40–60 41 (49.4%) 18 (31.6%)

>60 27 (32.5%) 7 (12.3%)

HCV positivity

AA 2 9.1 0 0.05 3.8

AT 6 12.2 0 0.007 7.4

TT 4 4.8 2 (3.5%) 0.70 0.1

Post-transplant

CMV viremia

AA 4 30.8 10 (38.5%) 0.63 0.2

AT 7 18 12 (25%) 0.50 0.4

TT 10 16.9 18 (41.9%) 0.005 7.8

Abbreviations: HCV, hepatitus C Virus; CMV, Cytomegalovirus
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cross-regulation causing immune dysregulation by IFN-γ.
While RTRs are maintained under an immunosuppressive

maintenance dose control, it may be advisable to tailor drug

administration according to the genetic makeup of the

patient. To date, there is no study in such detail is per-

formed. This might represent a suitable platform for a large

multicenter study. Further studies are required to evaluate

the role of cytokine genes in PTDM to confirm our findings.

Other studies have found lower kidney function in

patients with NODAT. However, in those reports, the

follow-up was longer. A 12-year graft survival of 48%

was reported in patients who developed NODAT, com-

pared with 70% in non-NODAT, with type 2 diabetes

mellitus being an independent and strong predictor of

graft loss (relative risk of 3.72%).62 In the same study,

serum creatinine levels at 5 years were noted to be sig-

nificantly lower in non-NODAT cases.62

NODAT has been found to be associated with

a significantly higher incidence of major cardiac events

in comparison with post-transplant patients who do not

develop diabetes (25% and 7%) and with lower survival

rates (63% and 80%) over eight successive years.63 In our

study, NODAT patients were, on average, 10 years older

than the non-NODAT which was in accordance with what

has been reported previously.31 Body physiology might be

an important factor in this regard.59,64

Sumrani et al (1991)24 reported that NODAT is more

frequently observed in patients who receive a deceased-

donor kidney transplant than in those who receive a living-

donor kidney transplant; however, our finding did not

reflect this.

Prediction of NODAT would be useful as an effective

preventive measure. Several reports have recently sug-

gested that a daily post-transplant oral glucose tolerance

test could be useful in predicting later development of

NODAT.65 Others have claimed that oral glucose tolerance

tests performed at 10–12 weeks post-transplant have

a better predictive value.38 An FPG level of ≥126 mg/

100 mL on day 5 post-transplant has also been suggested

as a useful predictor of later development of NODAT.66

A risk-prediction model was used in the general popula-

tion for the development of type 2 diabetes mellitus to see

their efficacy in predicting the development of NODAT.

The model used in this study was the San Antonio

Diabetes Prediction Model.67 The area under the curve-

receiver operator characteristic curve of the San Antonio

Diabetes Prediction Model score to predict NODAT was

0.807 (95% CI, 0.728–0.885; p< 0.001), with positive and

negative predictive values of the San Antonio Diabetes

Prediction Model score over the 75th percentile of 31.2%

and 93.7%.67 We think that cytokine profile could help in

predicting those who will develop NODAT.

NODAT has emerged as an increasingly important deter-

minant of outcomes and survival in transplant recipients.

Patient education and self-management are crucial for ensur-

ing successful outcome post-transplantation.68 Many risk

factors for developing NODATwere reported as: older, hea-

vier, higher BMI and glucose levels, family history of dia-

betes mellitus and higher FBG 24 hrs after the transplant

procedure. In our study, we found that the conventional risk

factors for NODAT as neither age nor ethnicity showed any

association towards NODAT progression. Moreover, young

age transplant recipients were found to be less likely to

develop NODAT, which may be due to active immunity

and general body physiology. The above findings identified

our cohorts as suitable for studying immunogenetic back-

grounds for an immune-derived complication of renal trans-

plantation. In this direction, we found that the IFNG TT

genotype was significantly associated with NODAT

(p=0.005), while IFNG AA was considerably higher in the

control group (p=0.004). An observation which suggests that

IFNG TT, which corresponds to higher IFN-γ levels, is sig-
nificantly associated with the progression of NODAT while

IFNGAA, which is correlated with low IFN-γ, is a protective
genotype against PTDM progression.

Our results did not agree with the univariate analysis

described byBabel et al, who reported that IFNGAAgenotype

was associated with NODAT.40 The difference could be due to

difference in ethnicity and associated risk factors.

Moreover, chronic HCV infection was significantly

more prevalent among our KTRs with NODAT (7.7% vs

1.3%, p=0.006) (Table 1) which supports many other

reports.10,23,34,36,37 The relatively high incidence of

NODAT among HCV positive patients might be explained

by a direct or immune-mediated effect on β-cells of pan-

creatic islets.69

In our cohort, we found that patients with positive

CMV IgG were significantly higher in NODAT (p<0.05).

Further, lower prevalence of cases with post-transplant

CMV viremia could be due to our adopted policy of

mass CMV chemoprophylaxis.

Further, many reports indicated that CNI might contri-

bute to NODAT by β-cell toxicity and inhibition of insulin

secretion-4.18,19 No significant difference was noted
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between NODAT and non-NODAT cohorts regarding the

type of immunosuppressive regimen despite (p>0.05).

Conclusion
Beside the conventional contributing factors – as older the

age, high BMI at the time of transplant and HCV infection –

of NODAT in our cohort, our results might represent

a suitable platform for a T lymphocyte initiated multi-

cytokine and chemokine SNP association to study the role

of these immune-signatures in pathogenesis of NODAT.
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