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Abstract

Background: Post-transplant diabetes mellitus (PTDM) occurs in 10-30% of kidney transplant recipients. However,
its impact on mortality and graft survival is still ambiguous. Therefore, the current study aimed to analyze if PTDM
increases mortality and graft failure by pooling multivariable-adjusted data from individual studies.

Methods: PubMed, Embase, and CENTRAL, and Google Scholar were searched for studies comparing mortality and
graft failure between PTDM and non-diabetic patients. Multivariable-adjusted hazard ratios (HR) were pooled in a
random-effects model.

Results: Fourteen retrospective studies comparing 9872 PTDM patients with 65,327 non-diabetics were included. On
pooled analysis, we noted a statistically significant increase in the risk of all-cause mortality in patients with PTDM as
compared to non-diabetics (HR: 1.67 95% Cl 1.43, 1.94 I°=57% p <0.00001). The meta-analysis also indicated a statisti-
cally significant increase in the risk of graft failure in patients with PTDM as compared to non-diabetics (HR: 1.35 95%
Cl1.15, 1,58 12 =78% p=0.0002). Results were stable on sensitivity analysis. There was no evidence of publication bias
on funnel plots.

Conclusion: Kidney transplant patients developing PTDM have a 67% increased risk of all-cause mortality and a 35%
increased risk of graft failure. Further studies are needed to determine the exact cause of increased mortality and the

mechanism involved in graft failure.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder that is
highly prevalent across the globe. Research indicates that
the incidence of DM is on the rise and around 592 mil-
lion people will be affected by the disease in 2035 [1].
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Regardless of the progress in therapeutics and manage-
ment of DM, diabetes-related complications continue to
be a major healthcare problem [2].

DM is known to be an important risk factor for chronic
kidney disease and end-stage renal disease (ESRD) [3].
Indeed, almost 20-38% of patients undergoing kidney
transplantation have DM [4, 5]. However, a significant
proportion of patients are known to develop DM after
organ transplantation as well. Previously, described as
“new-onset diabetes after transplantation” (NODAT), the
condition is now called post-transplant DM (PTDM) in
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recognition of the fact that in some cases DM may have
not been diagnosed before transplantation [6]. According
to estimates, the incidence of PTDM ranges from 9.1 to
45.3% after 1 year, 10 to 30.0% after 3 years, and 10.2 and
15.1% after 5 years of transplantation [7]. While the tra-
ditional risk factors for DM also apply to PTDM, some
specific risk factors about the transplant procedure can
additionally increase the risk for PTDM [6]. In a recent
systematic review and meta-analysis of 24 case—control
studies, Xia et al. [8] have identified advanced age, body
mass index, family history of diabetes, tacrolimus use,
history of hypertension, polycystic kidney disease, acute
rejection, hepatitis B virus infection, and hepatitis C virus
infection as risk factors for PTDM.

Despite the intense research on the pathophysiology
and risk factors for PTDM (8, 9], it is still unclear how
this complication impact patient outcomes. Some stud-
ies have reported no impact of PTDM on patient and
graft survival [10—14] while others indicate that mortal-
ity and graft failure is significantly increased with PTDM
[15-18]. Furthermore, many of these studies have been
conducted on small cohorts and may not have been suf-
ficiently powered to detect such associations. Another
important consideration is the impact of confounding
variables. Mortality after kidney transplantation can be
influenced by several factors like age, cardiovascular dis-
ease, DM, graft function, post-transplant urinary tract
infection, and rejection treatment [19]. On the other
hand, a recent study has demonstrated that older age,
extended criteria donor, deceased donor, human leuco-
cyte antigen (HLA) mismatch, and delayed graft function
are risk factors for graft failure after kidney transplanta-
tion [20]. Comparing crude rates of survival not taking
into account such confounding factors may therefore
present false estimates.

To the best of our knowledge, to date, there has been
no systematic effort to pool evidence on the impact of
PTDM on patient outcomes. Given such lacunae in lit-
erature, we hereby aimed to analyze if PTDM increases
mortality and graft failure by pooling only multivariable-
adjusted data from prior studies.

Material and methods

We followed the guidelines of the PRISMA statement
(Preferred Reporting Items for Systematic Reviews and
Meta-analyses) during the conduct of the study [21]. The
review protocol was registered on PROSPERO with reg-
istration no CRD42021264402.

Literature search

The search of relevant studies for the review was car-
ried out electronically on the databases of PubMed,
Embase, and CENTRAL. Gray literature was searched
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using Google scholar. To reduce single reviewer bias,
two authors searched the databases independent of each
other. All databases were searched from their inception.
The date of the last search was 9th July 2021. We selected
the following terms to explore for pertinent articles: “dia-
betes, “hyperglycemia’, “kidney’, “renal’} “transplant’
“allograft’, “graft failure’, “survival’; “death’, and “mortal-
ity” Several search queries in different combinations were
conducted using Boolean operators “AND” and “OR”.
Details of the search strategy common to all databases
are presented in Additional file 1: Table S1. After the ini-
tial search, the results were deduplicated and the remain-
ing articles were assessed by their titles and abstracts. We
identified studies relevant to the review and extracted
their full texts. The two reviewers independently evalu-
ated these studies for final inclusion in the review. Any
discrepancies in study selection were resolved by discus-
sion with the third reviewer. In the end, we also reviewed
the reference list of included studies for any missed
references.

Eligibility criteria

The inclusion criteria were formulated as follows: (1) All
types of studies on adult patients (>18 years) who had
undergone kidney transplant (2) Studies comparing out-
comes between patients developing PTDM and a control
group with no history of DM either before or after kidney
transplant (No-DM group) (3) Studies reporting data on
mortality or graft failure (4) Studies reporting multivar-
iable-adjusted outcomes with 95% confidence intervals
(CD).

We excluded the following studies: (1) Studies com-
paring outcomes between pre-transplant DM patients
with non-diabetic patients (2) Studies comparing out-
comes between pre-transplant DM patients with PTDM
patients (3) Studies not reporting any of the relevant out-
comes and not conducting multivariate analysis for the
outcomes (4) Studies reporting outcomes of patients with
transient hyperglycemia (5) Non-English language stud-
ies, abstracts, case reports, and review articles. (5) Stud-
ies reporting duplicate data. In case there were multiple
studies from the same healthcare setup or database, we
included the study with the largest sample size.

Data extraction and quality assessment

Data from each study was sourced by two authors inde-
pendently. We extracted details of the first author, pub-
lication year, study type, study location, study database
and duration, diagnostic criteria for PTDM, sample size,
demographic details, dialysis modality before transplan-
tation, duration of dialysis, type of donor, prescription of
tacrolimus, follow-up duration, study outcomes, and fac-
tors adjusted for in the multivariate analysis. The primary
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outcome of interest was all-cause mortality while the sec-
ondary outcome of interest was graft failure.

The quality of included studies was analyzed using
the Newcastle-Ottawa scale (NOS) [22]. It was con-
ducted by two authors independent of each other. Any
disagreements were solved by a discussion with the third
reviewer. Studies were awarded points for selection of
study population, comparability, and outcomes. The
maximum score which can be awarded is nine.

Statistical analysis

We conducted the meta-analysis using “Review Man-
ager” (RevMan, version 5.3; Nordic Cochrane Centre
[Cochrane Collaboration], Copenhagen, Denmark; 2014).
We extracted adjusted hazard ratios (HR) for all-cause
mortality and graft failure between PTDM vs no-DM
groups from the included studies. These estimates were
combined using inverse variance-weighted averages of
logarithmic HRs in a random-effects model. Hetero-
geneity was assessed using the I? statistic. I? values of
25-50% represented low, values of 50-75% medium, and
more than 75% represented substantial heterogeneity.
Sub-group analysis was carried out based on criteria for
diagnosis of PTDM. We visually inspected funnel plots
to assess publication bias. A sensitivity analysis was car-
ried out to assess the contribution of each study to the
pooled estimate by removing one study one at a time and
recalculating the pooled HR estimates for the remaining
studies.

Results

Search and study details

The study flow chart is presented in Fig. 1. After the
search and deduplication of results, a total of 8664 unique
articles were assessed. These results were screened based
on title and abstracts and 48 articles were selected for
full-text analysis. Thirty-four studies were excluded with
reasons. Finally, 14 studies were included in this system-
atic review and meta-analysis [15-18, 23-32].

Details of included studies are presented in Table 1. All
included studies were retrospective cohort studies. Seven
studies were carried in North America, four in Europe,
and three in Asia. Eight of the studies used the Ameri-
can Diabetic Association (ADA) criteria for diagnosis of
PTDM while five of them diagnosed PTDM based on the
prescription of antidiabetic drugs post-transplantation.
None of the studies included patients with pre-transplant
DM in the PTDM group. The sample size of the PTDM
group ranged from 58 to 2798 patients while that of the
no-DM group ranged from 92 to 25,109 patients. In total,
9872 patients with PTDM were compared with 65,327
non-diabetic patients in the included studies. The mean
age of the study participants ranged from 30.8 years to
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69 years. Data on dialysis modality, dialysis duration,
type of donor, and use of tacrolimus was not universally
reported in the included studies. The follow-up duration
was more than a year in all studies with a maximum of
10 years. On quality assessment using the NOS scale,
most of the studies were high quality with a score of 8.
One point was deducted from the overall score for all
studies as details of the number of patients achieving
final follow-up were not clear from any of the included
studies. The study of Kuo et al. [32] was rated 7 because
of their shorter follow-up.

Meta-analysis

Outcomes of interest reported by the included stud-
ies are presented in Table 2. The factors adjusted for the
multivariate analysis varied widely across the 14 studies.

Eleven studies reported adjusted data on all-cause mor-
tality. On pooled analysis, we noted a statistically signifi-
cant increase in the risk of all-cause mortality in patients
with PTDM as compared to non-diabetics (HR: 1.67 95%
CI 1.43, 1.94 I’=57% p<0.00001) (Fig. 2). The results
were stable on sensitivity analysis with no change in the
significance of the results on the exclusion of any study.
No publication bias was detected on inspection of the
funnel plot (Fig. 3). Results of subgroup analysis based
on the definition of PTDM as ADA criteria or non-ADA
criteria are presented in Table 3. Our analysis indicates
a statistically significant increased risk of mortality in
PTDM patients irrespective of the criteria for diagnosis
of PTDM.

Seven studies reported data on graft failure. Meta-
analysis indicated a statistically significant increase in the
risk of graft failure in patients with PTDM as compared
to non-diabetics (HR: 1.35 95% CI: 1.15, 1.58 1>=78%
p=0.0002) (Fig. 4). Similar results were obtained on the
exclusion of one study at a time on sensitivity analysis.
We noted no evidence of publication bias on the funnel
plot (Fig. 5). The risk of graft failure was statistically sig-
nificant for studies using ADA and non-ADA criteria for
the diagnosis of PTDM (Table 3).

Discussion

Our study is the first systematic review and meta-analysis
assessing the impact of PTDM on patient outcomes. In a
pooled analysis of 14 retrospective studies, we found that
the development of PTDM significantly increases the risk
of all-cause mortality and graft failure as compared to
non-diabetic kidney transplant patients.

Over the last few decades, the role of kidney trans-
plantation for managing ESRD has increased signifi-
cantly and it can be attributed to the cost-effective
nature of the treatment with lowered impact on
patients’ quality of life as compared to dialysis [33].
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Records identified through database searching:
S PubMed (n=8384); Embase (n=12582); CENTRAL (n=3422); Google
}‘E scholar (n=900);
& (Total=25288)
]
K
Y
Records after duplicates
removed
(n=8664)
w0 Records excluded after evaluation of
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]
Full text articles excluded as
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v e Not reporting adjusted
Full text articles screened data (n=28)
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(n=48) e Control group not clearly
defined (n=1)
e Not reporting relevant
2 outcome (n=1)
5 e Including patients with
B pre-transplant diabetes
— (n=1)
v e Comparison with pre-
Studies included in transplant diabetics (n=1)
systematic review
(n=14)
2 Studies included in meta-
b= analysis
E (n=14)
Fig. 1 Study flow chart

While mortality rates of transplant patients are lower
than those on maintenance dialysis, overall patient sur-
vival is still worse as compared to the general popula-
tion [34]. In this context, efforts have been directed to
improve patients’ survival as well as graft survival in
kidney transplantation patients. An important factor

impacting mortality and graft survival, which has been
much discussed but never systematically reviewed,
is PTDM. With conflicting results from several stud-
ies, the exact impact of PTDM on patient outcomes
has never been quantified to date. In this context, the
results of our meta-analysis assume clinical significance
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Study

Outcomes assessed

Hazard ratio (95% Cl) Factors adjusted in multivariate analysis

Yeh 2020 [17]

Aleksic 2020 [28]

Dienemann 2016 [16]

Lv 2014 [27]

Wauters 2012 [15]

Valderhaug 2012 [29]

Valderhaug 2011 [30]

Tsai 2011 [31]

Kuo 2010 [32]

Demirci 2010 [23]

Cole 2008 [18]

Gonzalez-Posada 2006 [24]

Kasiske 2003 [25]

Cosio 2002 [26]

Graft failure

MACE

All-cause mortality

Death with functioning graft

All-cause mortality

All-cause mortality

Graft failure

Death censored graft loss
Death with functioning graft

All-cause mortality
All-cause mortality

Graft failure

All-cause mortality

All-cause mortality
Graft failure

All-cause mortality
Graft failure
Death censored graft loss

Graft failure

Graft failure
Death censored graft loss
Death with functioning graft

All-cause mortality
Death censored graft loss

All-cause mortality

All-cause mortality

1.75 (1.56, 1.96)
1.59(1.38,1.84)
1.79(1.59,2.01)
1.94(1.71,2.20)

©.
1.57 (1. 16 212)
1.22(1.00, 1.48)
1. 10(087 139)
144 (1.07,1.95)

1.22(0.80, 1.84)
348(2.25,5.38)

1.30(0.98,1.73)

1.54(1.09,2.17)

0.63(0.13,2.97)
044 (0.05,3.73)

1.22(0.94,1.59)
1.20 (0.99, 1.47)
1.16 (0.89, 1.50)

149 (1.05, 2.10)

1.24(1.14,1.35)
1.12(0.99, 1.26)
41(1.25,1.59)

1.55(1.05,2.27)
1.02 (0.71,1.48)

1.87 (1.60, 2.18)

1.88(1.07,3.30)

Age, gender, Charlson comorbidity scores, place of residence,
income levels, occupations, presence of comorbidities (including
malignancy, hypertension, hyperlipidemia, cerebrovascular disease,
myocardial infarction, congestive heart failure, peripheral vascular
disease, atrial fibrillation, chronic obstructive pulmonary disease,
cirrhosis, hepatitis B virus, hepatitis C virus), cyclosporine, tacroli-
mus, mycophenolate mofetil, mammalian target of rapamycin
inhibitor, steroid, kidney transplantation rejection and cytomegalo-
virus infection

Age, gender, and serum creatinine one year post-transplant

Age, gender, ethnicity, rejection in first year, hepatitis C virus + sta-
tus, delayed allograft function, living donor, glomerulonephri-

tis, cardiovascular disease before transplant, time on dialysis,
transplant year, e-glomerular filtration rate at 6 months, donor
age, body mass index, cold ischemia time, HLA-DR mismatch,
Panel reactive antibody status, tacrolimus as starting agent and
cytomegalovirus disease

Age, year of transplant, postoperative onset of tumor, postopera-
tive infection, and other risk factors

NR

Age, gender, body mass index, creatinine level at baseline,
deceased-donor status, preemptive trans- plantation, donor age,
early rejection, and early cytomegalovirus infection

Age, gender, body mass index, creatinine, pre-transplant cardiovas-
cular disease, total cholesterol, hypertension, and smoking status,
donor status, pre-emptive transplantation, cytomegalovirus infec-
tion, early rejection, and use of cyclosporine A

Age, gender, parental diabetes mellitus, hepatitis C virus, duration
of renal replacement therapy, cardiovascular accident, coronary
artery disease, peripheral artery occlusive disease, and hyperten-
sion

Age, sex, race, body mass index, primary payment, pretransplant
comorbid conditions (hypertension, cardiovascular disease,
peripheral vascular disease, and hepatitis C infection), duration of
pretransplant dialysis therapy, serum creatinine level at 1 year, peak
panel-reactive antibody titer, expanded criteria donor, HLA mis-
match, induction therapy, immunosuppression at discharge, cold
ischemia time (deceased donor only), and living/deceased donor

Age, gender, acute rejection, pre-transplant dialysis duration, hepa-
titis C infection, cytomegalovirus infection

Patient demographics (age at transplantation, gender, race, cause
of end stage renal disease, duration of dialysis before transplanta-
tion, body mass index, hepatitis C sero-status) and transplant char-
acteristics (donor source, HLA mismatch, panel reactive antibody,
transplant era, induction immunosuppression, and maintenance
immunosuppression [medications prescribed at the time of hospi-
tal discharge after transplantation])

NR

Age, race, ethnicity, donor gender, HLA mismatch, obesity, hepatitis
C, education, immunosuppression, cause of disease, transplant
year, donor source (living vs. cadaver), preemptive transplantation,
gender, employability, donor age, donor race, cold ischemia time,
panel reactive antibody status, and other immunosuppressive
agents

Age, gender; serum albumin, weight, total cholesterol, triglycerides,
systolic blood pressure

NR not reported, HLA Human leukocyte antigens
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All-cause mortality between PTDM and no-DM groups Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Aleksic 2020 0.3365 0.9215 0.7% 1.40 [0.23, 8.52] 2020 A
Yeh 2020 0.5822 0.0605 18.3% 1.79 [1.59, 2.02] 2020 -
Dienemann 2016 0.4511 0.1544 11.2% 1.57 [1.16, 2.12] 2016 -
Lv 2014 0.1989 0.2153 7.9% 1.22[0.80, 1.86] 2014 T
Wauters 2012 1.247 0.2225 7.5% 3.48 [2.25, 5.38] 2012 —_—
Tsai 2011 -0.462 0.8052 0.9% 0.63[0.13, 3.05] 2011 —
Valderhaug 2011 0.4318 0.1763 9.9% 1.54 [1.09, 2.18] 2011 —_
Kuo 2010 0.1989 0.133 12.7% 1.22 [0.94, 1.58] 2010 =
Gonzalez-Posada 2004 0.4383 0.1987 8.6% 1.55[1.05, 2.29] 2004 —
Kasiske 2003 0.6259 0.0796 16.9% 1.87 [1.60, 2.19] 2003 -
Cosio 2002 0.6313 0.2876 5.3% 1.88 [1.07, 3.30] 2002
Total (95% CI) 100.0% 1.67 [1.43, 1.94] ¢
H . 2 _ . 2 _ — — L2 _ : : ; :
Heterogeneity: Tau? = 0.03; Chi* = 23.50, df = 10 (P = 0.009); I = 57% 001 o1 10 100
Test for overall effect: Z = 6.67 (P < 0.00001) Favours [PTDM] Favours [No-DM]
Fig. 2 Meta-analysis of all-cause mortality between PTDM and no-DM groups

Funnel plot for the meta-analysis on all-cause mortality

o SE(log[Hazard Ratio])
.

0.2
0.4
0.6
0.8 o

1 / Hazard Ratio
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Fig. 3 Funnel plot for the meta-analysis on all-cause mortality

between PTDM and no-DM groups

Table 3 Subgroup analysis based on definition of PTDM

Number Hazard ratios
of

studies

Definition

All-cause mortality
ADA criteria 6
Non-ADA criteria 5

167 95% C11.16, 2.41 >=66% p=0.005

1.66 95% Cl 1.43,1.941>=53%
p <0.00001

Graft failure
ADA criteria 4
Non-ADA criteria 3

1.2895% CI 1.11,1.48 I>=0% p =0.0009
13895%Cl1.08,1.77 ’=92% p=0.01

ADA American dental association, C/ confidence intervals

by providing true estimates of the effect of PTDM on
patient outcomes. In our analysis, we noted a statisti-
cally significant 67% increased risk of all-cause mor-
tality, ranging from 43 to 94%, in patients with PTDM
as compared to non-diabetic controls. On close

examination of the meta-analysis plot, it can be noted
that seven of the 11 studies in the meta-analysis dem-
onstrated a significant increase in mortality while no
such difference was noted in four studies [27, 28, 31,
32]. The contrasting results of three [27, 28, 31]of these
four studies may be partly explained by their small
sample size. On the other hand, the lack of significant
results in the study of Kuo et al. [32] may be somewhat
explained by their non-standard criteria for diagnosing
PTDM and shorter follow-up.

In 2003, the ADA and World Health Organization
(WHO) published the first international consensus
guidelines for PTDM which included the standard cri-
teria for diagnosis of this disease. PTDM or NODAT,
as per the then nomenclature, was defined as fasting
glucose > 126 mg/dL (7 mmol/L) on more than one
occasion, random glucose >200 mg/dL (11.1 mmol/L)
with symptoms, or a 2-h glucose level after a 75-g
oral glucose tolerance test (OGTT) of>200 mg/dL
(11.1 mmol/L) [35]. Later in the year 2014, these crite-
ria were revised to include hemoglobin Alc as well [36].
It is quite pertinent to note that varying criteria for
diagnosis can influence the outcome of PTDM. While
most of the included studies used the ADA definition
of PTDM some did not. However, on sub-group analy-
sis, we still noted an increased risk of all-cause mortal-
ity with PTDM irrespective of the diagnostic criteria.
Another important factor is the timing of diagnosis.
Transient hyperglycemia is very common in the early
period after transplantation and therefore it is recom-
mended to delay diagnosis by at least 10 weeks [6].
While the impact of transient hyperglycemia on patient
and graft survival is unclear, evidence suggests that it
certainly increases the risk of PTDM in the future [37].
Few studies have reported that impaired fasting glucose
without overt PTDM also increases the risk of all-cause
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Graft failure between PTDM and no-DM groups Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% Cl Year 1V, Random, 95% CI
Yeh 2020 0.5596 0.0586  20.3% 1.75 [1.56, 1.96] 2020 -
Dienemann 2016 0.1989 0.1015 16.7% 1.22 [1.00, 1.49] 2016 =
Valderhaug 2012 0.2624 0.1442 13.1% 1.30[0.98, 1.72] 2012
Tsai 2011 -0.821 1.1096 0.5% 0.44 [0.05, 3.87] 2011
Kuo 2010 0.1823 0.0982 17.0% 1.20[0.99, 1.45] 2010 =
Demirci 2010 0.3988 0.1751 10.9% 1.49 [1.06, 2.10] 2010 —
Cole 2008 0.2151 0.0429 21.4% 1.24 [1.14, 1.35] 2008 =
Total (95% Cl) 100.0% 1.35 [1.15, 1.58] ¢
e 2 _ CChi2 — - = 12 = I + t J
Heterogeneity: Tau® = 0.03; Chi* = 27.32, df = 6 (P = 0.0001); I = 78% o1 o 0 100
Test for overall effect: Z = 3.71 (P = 0.0002) Favours [PTDM] Favours [No-DM]
Fig. 4 Meta-analysis of graft failure between PTDM and no-DM groups
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Fig. 5 Funnel plot for the meta-analysis on graft failure between
PTDM and no-DM groups

mortality as compared to non-diabetic controls [15,
30]. This may be one of the reasons that we found a sta-
tistically significant increased risk of mortality even in
studies not using the ADA definition of PTDM.

The increased risk of mortality in PTDM can be due to
several reasons. Specific analysis on cause-related mor-
tality could not be conducted in our review due to limited
data. However, a few studies have analyzed cause-specific
mortality in PTDM patients. Yeh et al. [17] in their study
have noted a significantly increased risk of cardiovas-
cular, infectious as well as cancer-related mortality in
PTDM as compared to controls. On the other hand, Val-
derhaug et al. [30] have noted that PTDM increases the
risk of only cardiovascular mortality but not of infection
or cancer-related mortality. Because of the limited evi-
dence, there is a need for more studies examining cause-
specific mortality in PTDM patients.

Compared to all-cause mortality, the evidence on the
impact of PTDM on graft failure is further unclear [9]. In
our analysis, we noted that PTDM leads to a statistically
significant 35% increased risk of graft failure as compared
to non-diabetic controls. However, the results should be

interpreted with caution as only seven studies reported
data for this analysis which represent only half of the
total studies in this review. On a positive note, this is the
only pooled analysis of the multivariable-adjusted risk of
graft failure after kidney transplantation conducted to
date. On examination of the forest plot, almost all stud-
ies noted an increased risk or a tendency for increased
risk of graft failure, except for Tsai et al [31]. This may
be partly attributed to the small sample size of this study
and more importantly to the difference in the confound-
ing variables adjusted. It is well recognized that acute
rejection and opportunistic infections especially in the
first year after transplantation are important risk factors
for graft failure [38]. In the study of Tsai et al [31] none
of these factors were adjusted. Four of the studies in this
meta-analysis included acute rejection as an adjusted fac-
tor [16, 17, 23, 29], while two studies excluded patients
with acute rejection from their analysis [18, 32]. The
importance of this factor is emphasized with the fact that
management of acute rejection involves aggressive use
of immunosuppressive drugs which in turn can lead to
PTDM [16]. Cole et al. [18] in the study have separately
analyzed the impact of acute rejection and PTDM on
graft failure. The authors reported that while both acute
rejection and PTDM reduce all-cause graft survival, the
mechanisms are different, with acute rejection signifi-
cantly associated with death-censored graft loss while
PTDM leading to significantly increased risk of death
with functioning graft and was not associated with death-
censored graft loss. Similar results have been reported by
other included studies in our review as well [16, 17, 24,
32]. Valderhaug et al. [29] in their study have reported no
association between fasting plasma glucose or any level
of hyperglycemia and graft failure. The results of these
studies indicate that the negative association between
PTDM and graft failure may be related to the increased
mortality due to PTDM and the elevated glucose levels in
PTDM may not result in irreversible kidney damage [29].
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Our review has some limitations. Firstly, we under-
stand that our analysis is not an exhaustive data analy-
sis of available literature as a large number of studies
not reporting adjusted outcomes were excluded. How-
ever, this was deemed important owing to the several
confounding variables which can influence outcomes
of PTDM. Secondly, an important limitation of our
analysis is that the factors adjusted in included studies
were not the same. The exclusion of known or unknown
confounders may have influenced the study results.
Thirdly, the sample size of many of the included stud-
ies was not high. The outcomes were not universally
reported by all included studies and only seven studies
were available for the analysis on graft failure. Fourthly,
all included studies were retrospective in nature which
have inherent selection bias. Studies from administra-
tive databases or insurance records are prone to data
entry errors which could skew the study outcomes.
Fifthly, most of the studies were conducted on kid-
ney transplantations done before 2010. The impact of
recent immunosuppressive therapies and advances in
the care and management of PTDM may have not been
reflected in our results. The included studies also had
variations in the definition of PTDM and the duration
of follow-up. Furthermore, it is plausible to assume that
the immunosuppressive protocol, the time of diagnosis,
and management of PTDM would have been variable in
the included studies and these factors could also have
influenced outcomes. Lastly, majorities studies were
from North America and this would limit the generaliz-
ability of our results.

Nevertheless, our study has some strengths. Data of
9872 patients with PTDM was analyzed in our review.
The overall quality of studies on the NOS scale was
high and the results were stable on sensitivity analysis
which lends credibility to our results. By pooling only
multivariable-adjusted data, we have hereby presented
the best available evidence in the literature on the
impact of PTDM on patient outcomes.

To conclude, our results indicate that kidney trans-
plant patients developing PTDM have a 67% increased
risk of mortality and a 35% increased risk of graft
failure. Further studies are needed to determine the
exact cause of increased mortality and the mechanism
involved in graft failure.
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