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Context: New onset diabetes mellitus after transplantation (NODAT) increases the
risk of cardiovascular disease, rate of infections, graft rejection and graft loss as well as
decreases patient and graft survival rates. There is a controversy surrounding the impact of
cytomegalovirus (CMV) infection in the development of NODAT. This meta-analysis aims
to identify the role of CMV infection leading to the development of NODAT in kidney
recipient patients.

Evidence Acquisitions: We searched several electronic databases, including PubMed, Embase,
Medline, Scopus, Trip Database and Google Scholar for studies that completely fulfill our
criteria between January 1990 and January 2014

Results: Seven studies with 1389 kidney transplant patients were included in this meta-
analysis. The mean age of patients ranged from 42.8 to 48.8 years and males made up 53%
to 75% of patients in the cohort studies. The incidence of NODAT varies from 14.3% to
27.1% in these studies. Overall adj OR was 1.94 [exp (0.66)] with a 95% CI of 1.26-2.98 [exp
(0.23) and (1.09)]. There was no significant publication bias based on the Begg’s and Egger’s
test (p value = 0.17 and 0.54, respectively).

Conclusions: Our study showed that CMV infection is a risk factor for increasing incidence of
NODAT. Thus, prophylaxis against CMV infection after kidney transplantation is strongly
suggested. However, further clinical trials and cohorts are needed to confirm this association.

Implication for health policy/ practice/ research/ medical edncation:

New onset diabetes mellitus after transplantation (NODAT) is a complicated disorder which can lead to
serious complications such as graft rejection in renal transplant recipients. Understanding the etiology of
NODAT can help in prevention.

Please cite this paper as: Einollahi B, Motalebi M, Salesi M, Ebrahimi M, Taghipour M. The impact of cytomeg-
alovirus infection on new-onset diabetes mellitus after kidney transplantation: a review on current findings. J

Nephropathol. 2014; 3(4): 139-148. DOL: 10.12860/jnp.2014.27

1. Context

transplantation in non-diabetic individuals. It has

New onset diabetes mellitus after transplantation
(NODAT) is a complication
following solid organ transplantation and has
been defined as the start of diabetes mellitus after

well-known

been reported that the incidence of NODAT
ranges from 2% to 53% in renal transplant
recipients (1). It has been shown that NODAT
increases the risk of cardiovascular disease (2),
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rate of infections (3), graft rejection, graft loss
(2) as well as decreased patient and graft survival
rates (4).

Many risk factors have been found to have an
influence on the development of NODAT.
In 1985 Lehr et a/ (5) reported a case of
cytomegalovirus (CMV) induced NODAT in
a kidney recipient patient, after that the role of
CMYV infection in NODAT has been an area of
interest to researchers. Since then other studies
have supported (6,7) the relationship between
them whilst other studies (8,9) have failed to
prove this association. However, the influence
of CMV infection on developing NODAT has
still remained a question. If the impact of CMV
infection on higher incidence of NODAT is
proven, initiating prophylaxis against CMV
infection after transplantation will be strongly
suggested (10). Thus, our aim was to conduct a
meta-analysis to answer the question about the
role of CMV infection on developing NODAT
in kidney recipient patients based on available
literature.

2. Evidence acquisition

We searched electronic databases, including
PubMed, Embase, Medline, Scopus, Trip
database and Google Scholar, for studies between
January 1990 and January 2014 to identify those
that reported the effect of CMV infection on
occurrence of diabetes mellitus among kidney
transplant recipients. Our keywords searched in
all field of articles included “new-onset diabetes™,
“post-transplant diabetes”, “diabetes mellitus”,
“cytomegalovirus”, “kidney transplant” and
their abbreviations as well as synonyms. We also
searched Current contents (institute for scientific
information) and Cochrane library with a focus
on clinical trials registry to reduce publication
bias. In order to identify further relevant articles,
references of pertinent articles, the identified
papers and qualitative topic reviews were also
reviewed. All of the search methods were done
separately by two investigators and the results
were compared to eliminate duplicate reports. All
final eligible studies, based on following inclusion
criteria, were qualitatively assessed by STROBE
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statement for cohort studies (11) and CONSORT
2010 checklist for randomized trial (12) and none
of them were identified as low quality studies.
The STROBE statement evaluates 22 items in
manuscripts, each item has one score and total
score is 22. A score less than 12 identified as low
quality. We restricted our search to human studies
and placed no limitations on language.

2.1. Inclusion criteria

To be included in this meta-analysis, a study
had to fulfill following criteria: 1) be a clinical
trial or cohort [retrospective or prospective]; 2)
enrolled patients more than 18 years of age with
no prior history of diabetes mellitus; 3) followed
patients for at least three months after renal
transplantation with <10% loss to follow up; as
well as 4) provided data on CMYV infections in
patients with and without NODAT. We included
all studies with these criteria’s regardless of their
results.

2.2. Ineligible studies

Studies that enrolled patients with combined
organ transplants, individuals on maintenance
hemodialysis and where there were reports
of inadequate data were not considered for in
our analysis. In addition, the studies including
all individuals using prophylaxis against CMV
infection were excluded. Case reports, letters and
review articles were also excluded.

2.3. Data extraction

We extracted the following information from
each study: study’s characteristics (study and first
author name, year of publication, study location,
type of study and number of participants) and
participants’ characteristics (age, sex, BMI, family
history of DM, dialysis duration and deceased
or live donor). We selected the adjusted OR
(adj OR) and 95% confidence intervals (CI) for
NODAT after kidney transplantation in CMV
infection and non CMV infection patients as our
primary outcome measure in this analysis. The
adjOR had been reported in five (6,7,9,13,14)
of seven (6,7,9,13-16) studies; however, one of
these articles (13) had not described 95% CI.
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We also calculated by univariate analysis the un-
adj OR (and 95% CI) for NODAT after RTx in
CMYV infection and non CMV infection patients;
this was the secondary outcome measure in our
meta-analysis.

2.4. Definitions

NODAT was diagnosed according following
criteria: fasting blood glucose (FBS) levels higher
than 126 mg/dL on two separate occasions;
random blood sugar >200 mg/dL, confirmed
by FBS >126 mg/dL, and 2-hour post-prandial
blood sugar >200 mg/dL, confirmed by FBS
>126 mg/dL or 2-hour plasma glucose =200
during an oral glucose tolerance test [OGTT,
using a glucose load containing the equivalent of
75-g anhydrous glucose dissolved in water (17)].
Alternatively, DM was defined as the requirement
of glucose lowering medications (insulin or oral
hypoglycemic agents for >3 month).

2.5. Data analysis

We extracted existing adj OR and 95% Cl in four
of seven articles and used logarithm of adj ORs
(Log OR) and their 95% CI for less bias and
converted to OR again after obtaining pooled Log
OR for primary output. Data for NODAT after
RTx in patients with and without CMV infection
in all seven studies were also used to calculate un-
adj OR (and 95% CI) as secondary output. A chi-
squared test was used for heterogeneity and a p
value =0.1 represented significant heterogeneity.
The random mantel-haenszel model was used
in significant heterogeneity; otherwise, we
applied the fixed mantel-haenszel model to
achieve pooled OR. In case of heterogeneity,
we examined meta-regression for age, BMI and
sex separately to see whether sub group analysis
is beneficial. We did not enter other variables in
meta-regression because of small sample size of
studies and not reporting of other variables in
several articles included in our analysis. Funnel
plot figure was examined visually and also Begg’s
rank correlation test and Egger’s regression
asymmetry test were used to identify publication
bias (p value =0.05 was considered as significant
publication bias). All analysis procedures were
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done by STATA statistical software version 11
for windows.

3. Results

3.1. Laiterature search

All of search results after deleting duplicate
records were 4831 studies. A total of 4736
irrelevant studies were excluded by primary
title evaluation. Abstract review led to exclude
35 other unrelated studies. Subsequently, 29
irrelevant papers were removed after a thorough
review of the full paper. Twenty-four articles
out of 31 related studies could not meet the
inclusion criteria that are as following: eighteen
articles were excluded for type of articles [review
articles: 14 (1,18-30), case report: two (5,31),
commentary: one (32) and cross-sectional: one
(33)], 4 studies did not provide data on CMV
infections in patients with and without NODAT
(8,34-306), one study enrolled pediatrics patients
(37) and one study had used the prophylaxis
regimens against CMV in all patients (38). Finally,
7 studies with 1389 kidney transplant patients,
which completely fulfill the inclusion criteria,
were included in this meta-analysis.

3.2. Patient characteristics

Some important demographic and clinical
characteristics of the studies are shown in Tables
1-3. Two studies were from Asia and five were
from Europe (Table 1). The mean age of patients
ranged from 42.8 to 48.8 years and males made
up 53 to 75 percent of patients in the cohorts
(Tables 1 and 2). There was a higher proportion
of CMV infection and NODAT in Valderhaug ez
al., and Marin et al., studies, respectively (Table 3).

3.3. Primary and secondary outcomes

Table 4 shows the results of primary outcome.
Chi-squared test (Q test) detected no significant
differences in homogeneity (p=0.2, 1,=32.3%).
In a fixed model, overall adj OR was 1.94 [exp
(0.66)] with a 95% CI of 1.26-2.98 [exp (0.23)
and (1.09)] (Figure 1). There was not a significant
publication bias according to Begg’s and Egger’s
test (p= 0.17 and 0.54, respectively). We also
depicted funnel plot figure and found that it was
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Table 1. Baseline characteristics of studies included in the meta-analysis

‘

Co, P Norway 173 48.0£16 69

Co, P Norway 124 48.0£15 75
9 Co, R Romania 177 42.8112.2 66
13 Co, R Taiwan 43 4421104 51
14 Co, P Notway 494 48.8115.1 65
15 Co,R Poland 308 47.3%12.7 60
16 Co, R Japan 70 45.0%11.1 53

Co: cohort study; P: prospective; R: retrospective

Table 2. Baseline characteristics of studies included in the meta-analysis

‘

23.5%3.8 20.0 NR NR CS, CsA, AZA

232 21.0 NR NR CS, CsA, AZA

2304418 130 28.8+34 97.2 CS, GsA (or TAC), AZA (or MMF)
13 NR 7.0 NR 60.1 CS, CsA (o TAC), AZA (or MMF)
14 240+3.67  NR NR 60.0 CS, CsA (or TAC), MMF
15 2384378  26.2 24.8427.95 100.0 CS, CsA (or TAC), AZA (or MMF)
16 23.0+357 NR 59.4460.58 NR CS, TAC, AZA (or MMF)

RTx: renal transplantation; BMI: body mass index; DM: diabetes mellitus; NR: not reported; CS: corticosteroids; CsA:

cyclosporine; AZA: azathioprine; TAC: tacrolimus; MMF: mycophenolate mofetil.

Table 3. Bascline characteristics of studies included in the meta-analysis

6 45 (26) 31 (17.2)
61 (49.2) 20 (16.1)
9 57 (32.2) 48 (27.1)
13 5 (11.6) 9 (21)
14 281 (56.9) 77 (15.6)
15 47 (15.2) 72 (23.4)
16 10 (14.3) 10 (14.3)

FBS>7.7 mmol/l or 2-h pp=11.1 mmol/1

According to an OGTT (39)

According to ADA (40)

According to ADA (40)

FBS=7 mmol/1 or 2-h glucose =11.1 mmol/1 during an OGTT (41)
According to ADA (42)

HbAlc continuously =6.5 mg/dl, FBS>126 or requiring hypoglycemic
agent =3 months

CMYV, cytomegalovirus; NODAT, new-onset diabetes mellitus, FBS; fasting blood sugar, OGTT; oral glucose tolerance test

relatively symmetric. Overall estimated un-adj OR
was 2.11 with a 95% CI of 1.28-3.49 (Table 5) in
a random model (p value of homogeneity=0.00,
[,=49.5% and Tau,=0.19). There was no
significant difference for males, mean age and
BMI in meta-regression model (p=0.2, 0.9 and
0.6, respectively). Significant publication bias was
not detected in begg’s test (p=0.4) and egger’s
test (p=0.3).

4. Discussion

Many viruses such as entroviruses, rubella,
mumps, Epstein-Barr virus, varicella zoster and
hepatitis C virus have been shown to have effect
on type 1 and 2 DM (43). Although, CMV is
a risk factor for type 1 DM (44), its impact on
NODAT has remained elusive. In this meta-
analysis, we found that the risk of NODAT in
kidney transplants with CMV infection was 1.94
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Study %

D Weight
ES (95% CI)

J. Hielmes?th (1997) —_— . 031252 5

J. Hielmes?th (2004) _— 12,60
I 1.39(0.17, 2.60)

M. Marin (2005) — 19.77
0.31(-0.65, 1.28)

Tone Gretland Valderhaug (2007) — 52.45
0.40 (-0.20,0.99)

[ .
| =
Overall (I-squared = 32.3%, p = 0.218) <> 100.00
066 (0.23, 1.09)

Figure 1. Forest plot of CMV impact on developing
NODAT using logarithm of adjusted ORs (ES) and their
95% CI

Table 4. CMV infection and NODAT: Log OR and 95%
CI

rl}s:;‘;ce Log OR  95% CI Wg,;og)ht
6 1.42 0.31 — 2.52 15.17
7 1.39 0.17 — 2.60 12.60
9 031 20.65—-1.28 19.77
14 0.40 0.20 - 0.99 52.45
Overall fixed ) (¢ 0.23—1.09 100.00

effect model

Table 5. CMV infection and NODAT: un-adj OR and 95%
CI

Reference

ber OR  95% CI Weight (%)
6 248  1.10-5.60 17.51
7 524 1.64-16.77 11.82
9 235 1.17-4.73 20.02
13 8.00  1.09 - 58.54 05.29
14 211 1.24-3.59 23.92
15 0.86  0.41-1.84 18.75
16 022 0.01-422 02.70
Overall random 1y 5e 5349 100.00

effect model

fold more as compared to individuals without
CMV infection using adj ORs from the studies.
This significant relationship was proved by
overall pooled OR using un-adj ORs. There was
a difference in the result of evaluated studies in
term of CMV induced NODAT. Though, three
studies (15,16) reported no significant relationship
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between CMV infection and NODAT; other
studies (6,7,13) detected CMV infection as a
risk factor for NODAT. In addition, Valderhaug
and coworkers (14) only found the relationship
between CMV infection and NODAT in
univariate analysis whilst a multivariate analysis,
adjusted for age, prednisolone, type of cohort,
HILA-B27 phenotype and BMI did not support
this association. We believe that the following
points explain this difference in the results of the
studies included in our meta-analysis:

Firstly, the studies used different criteria to
identify CMV infection. Isolation of the CMV
virus and detection of viral proteins or nucleic
acid are different ways to recognize CMV
infection. In addition, active systemic CMV
infection can be diagnosed as CMV-DNA in
plasma by polymerase chain reaction methods
or by the detection of CMV-antigenemia in
leukocytes (i.e., CMVpp65) (22). Four from seven
works in our analysis did not report criterion
for identifying CMV infection (6,13,15,10).
Three remaining studies used different criterion
to recognize CMV infection; Hjelmesaeth ez
al (7) defined CMV infection as one or more
CMV pp65 antigen-positive cells per 100,000
leucocytes, Marin and colleagues (9) defined
it as more than 50 infected cells per 200,000
leukocytes using the pp65 assay or isolation of
CMV antigenemia or fourfold increase in the
baseline IgG and Valderhaug ¢ a/ (14) diagnosed
it by CMV-pp65 antigen in leukocytes or CMV-
DNA in plasma, but they did not report details.
Thus using various criteria and methods with
different sensitivity and specificity can lead to
an overestimate or may in fact underestimate
CMYV infection in the studies. Thus, more studies
using more accurate diagnostic methods such as
CMV-PCR are required for assessing the CMV
infection as a risk factor for NODAT.

Secondly, altered criteria for diagnosis of NODAT
were defined in the studies (Table 4). There
were no unique criteria to identify NODAT and
determine its” actual incidence in various works.
Only three (9,13,15) of seven studies used unique
criteria for identification of NODAT according
to ADA. Therefore different NODAT criteria
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may be one of the reasons for various incidence
of NODAT in the studies.

Furthermore, the impact of immunosuppression
regimens especially steroids, tacrolimus and
cyclosporine on developing NODAT have been
shown in previous studies. (6,45,46). The role
of glococorticoids on developing NODAT was
due to the stimulation of glucogenesis and the
impairment of glucose uptake by addipose tissue
and muscle which would lead to insulin resistance.
Furthermore, some investigators have shown
that glococorticoids can supress insulin secretion
and stimulate islet cell apoptosis at higher doses
(47,48). Hjelmesaeth e a/. have shown that daily
prednisolone dose, the presence of hypertension,
the number of antithypertensive agents used
and the use of diuretics ot b-blockers, all were
associated with insulin resistance 3 months
after transplantation (49). In addition, it has
been shown that steroid tapering or withdrawal
improved insulin resistance (50-52) and on
the other hand pulse steroid therapy for acute
rejection was the most important risk factor for
NODAT (53).
Thereisacontroversyontheroleof cyclosporineon
NODAT in the literature. A recent experimental
study (54) reported that cyclosporine can impair
insulin sensitivity. Although, an increase in the
incidence of NODAT has been shown during
cyclosporine era (55,56), other studies (6,57,58)
showed that the incidence of NODAT decreased
with cyclosporine. This can be due to reduction
of corticosteroid dosage after that cyclosporine
was started. On the other hand, cyclosporine
can reduce corticosteroid liver metabolism and
increase its blood level. However, it has been
shown cyclosporine alone can increase developing
NODAT (59,60). Several studies (61,62) reported
higher incidence of NODAT in individuals using
tacrolimus rather than cyclosporine. Tacrolimus
binds to the FK506 binding protein and inhibits
the calcineurin in beta cells and suppresses
insulin secretion at insulin mRNA transcription
(63). Radu e a/ also showed the inhibitory effect
of tacrolimus on insulin secretion was the result
of reduced ATP production and glycolysis due
to decreased glucokinase activity (64). However,
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tacrolimus impaired glucose metabolism in most
studies (13,64,65), Valderhaug and coworkers
(14) showed the lower incidence of NODAT
in group with higher dosage of tacrolimus
compared to other group using significant lower
dosage of that. In conclusion applying different
immunosuppressive regimens can be another
factor for different outcomes in studies.
Finally, various risk factors except CMV
infection for NODAT have been described in the
literature such as older age, black ethnicity and
Hispanic patients rather than white patients (19),
overweight or obese individuals (66), hepatitis
C virus (67), family history of type 2 diabetes
(6), pre-transplant FBS level (68), some genetic
variants (69), ethnicity (66), hypomagnesaemia
(70), male donor (19), immunosuppressant
agents (60), polycystic kidney disease (71) and
others. Each study has evaluated some of these
risk factors and they evaluated the association
of CMV and NODAT adjusting for different
variables. Thus, there may be some confounders
that affect the results of each study.

Several mechanisms have been suggested to
explain the impact of CMV on diminishing insulin
secretion as following: 3 cell damaging directly by
CMYV infection and apoptosis or by infiltrative
leukocyte or by induction of pro-inflaimmatory
cytokine. Also, some studies (49) showed the
impact of CMV infection in increase of insulin
resistance. However; Hjelmesaeth et al (7) found
that this virus did not have any influence on
insulin resistance. It seems this difference may be
due to different steroid protocol and tapering in
studies. The steroids impact on insulin resistance
has been showed in several investigations
(72,73). A Norwegian study (74) showed that
prednisolone below 7 mg/day led to improve
insulin action. However, it seems, further studies
need to understand the actual influence of CMV
infection on insulin resistance.

There were some limitations in our meta-analysis.
There was a lack of homogeneity in the seven
studies included in the analysis in terms of CMV
diagnostic method, immunosuppression regimens
and dosage and method of their tapering,
diagnostic criteria for NODAT and dissimilation
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of factors adjusted in the studies. In addition, it
was not clear in the studies weather patients first
caught CMV infection and then NODAT or vice
versa. However, there were not many studies on
the effect of CMV infection linked to NODAT
and we had to select our inclusion criteria less
stringently, so these limitations were unavoidable.

5. Conclusions

Despite all the limitations in the studies, our
study, based on currently available data showed
that CMV infection is a risk factor for increasing
the incidence of NODAT. However, further
homogenous studies in future are required to
confirm this finding. Meanwhile, based on the
results of our meta-analysis we strongly support
the use of CMV prophylaxis in renal transplant
recipients to diminish the incidence of NODAT.
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