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Abstract
Background—Metabolic syndrome (MS) and new onset diabetes after transplant (NODAT) are
common in kidney transplant patients. We studied the relationship between the two conditions and
their impact on metabolic and cardiovascular risk profiles.

Methods—All non-diabetic patients transplanted between 1999 and 2005 who were followed up
to 2006 were included. MS and NODAT were determined. Kaplan–Meier survival and various
regression analyses were performed to determine the clinical correlates for both conditions and
their association with various cardiovascular risk factors.

Results—Among 591 patients, 314 (53.1%) had MS and 90 (15.2%) developed NODAT. The
two conditions were highly associated with each other as 84 patients with NODAT also had MS
(14.2%). Elevated body mass index and fasting glucose levels at transplant were risk factors for
both conditions, whereas weight gain after transplant was associated only with MS. African
American, old age, and hypertension-related ESRD were risk factors for NODAT. Finally, the
presence of MS was associated with reduced kidney function and elevated uric acid levels,
whereas the presence of NODAT with elevated pulse pressure.

Conclusions—MS and NODAT are highly prevalent and significantly associated with impaired
metabolic and cardiovascular risk profiles. Early identification of such conditions may facilitate
targeted therapeutic intervention.
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Metabolic syndrome (MS) is a constellation of metabolic and non-metabolic disorders that is
very common in kidney transplant recipients and associated with impaired long-term renal
allograft function and poor patient survival (1, 2). New onset diabetes after transplant
(NODAT) is also a common metabolic complication following kidney transplantation (3, 4).
The early diagnosed NODAT is associated with increased cardiovascular events and
mortality (5–7). In addition, various components of MS are shown to be risk factors for the
development of abnormal glucose metabolism and NODAT (3, 8).

Current guidelines recommend using either fasting glucose criteria or oral glucose tolerance
to diagnose abnormal glucose metabolism (9–11). Timely recognition of MS and NODAT is
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of great importance and may allow for appropriate intervention to prevent or reduce the
long-lasting deleterious effects of both conditions on patient and allograft survival.

We performed a retrospective and cross-sectional observational study investigating the
relationship between MS and NODAT, their clinical predictors, and their impact on
metabolic and cardiovascular risk profiles in a previously non-diabetic kidney transplant
patient population.

Patients and methods
This is a single center retrospective and cross-sectional observational study approved by the
institutional review board.

All previously non-diabetic kidney transplant patients between January 1, 1999 and
December 31, 2005, who were alive with a functioning transplant on December 31, 2006,
were included. Demographic and baseline characteristics were collected at the time of
kidney transplantation. Fasting blood glucose levels were collected prior to transplantation
and at the most recent follow-up. Body mass index (BMI) was calculated as weight
(kilograms) divided by height squared (meter2) and was measured at the time of
transplantation and at the most recent follow-up. Blood pressure measurement and a fasting
lipid panel were obtained during their most recent follow-up clinic visit as well.

Metabolic syndrome (MS) was defined according to the National Cholesterol Education
Expert Panel (NCEP) criteria using BMI as surrogate for waist circumference (12–14). A
patient was classified as having MS if three or more of the following criteria were present:
BMI of 30 kg/m2 or greater, plasma fasting glucose levels of 100 mg/dL or greater, presence
of hypertension (130/85 mmHg or greater, or on any anti-hypertensive medication), fasting
triglyceride of 150 mg/dL or greater, high density lipoprotein cholesterol (HDL) of less than
40 mg/dL for men or less than 50 mg/dL for women. New onset diabetes mellitus after
transplant (NODAT) was defined by a fasting glucose ≥126 mg/dL on two separate
occasions, or being initiated on insulin or oral hypoglycemic agents between transplant and
the latest follow-up.

Immunosuppression was provided according to the center standard protocols. Induction was
given selectively to patients with high immunologic risk using rabbit anti-thymocyte
globulin (rATG) or anti-IL2 receptor antibodies (basiliximab). All patients were started on a
triple drug regimen which included a calcineurin inhibitor (CNI), either cyclosporine (CsA)
or tacrolimus (Tac), an anti-proliferative agent, either mycophenolate mofetil (MMF) or
sirolimus (Rap), and steroids. The dose of calcineurin inhibitor was determined by targeted
trough concentrations. The 12-h trough levels were maintained between 100 to 150 ng/mL
for CsA and 5 to 8 ng/mL for Tac for stable patients beyond the first 10–12 wk after
transplantation. During the course of years, some patients had a change in the use of a
particular CNI as determined clinically by transplant nephrologists. Thus, the use of
different CNIs for a given patient and their blood concentration at the last follow-up was
determined as well. The dose of steroids followed a center-specific prednisone tapering
schedule down to 10 mg daily 8 wk after transplantation and maintained at 5–10 mg daily
during the subsequent follow-up. All episodes of acute rejection were diagnosed with an
allograft biopsy. Treatment was tailored according to the severity of rejection.

Continuous and categorical variables were compared using the Student's t-test or ANOVA
as appropriate and chi-square test between the groups. The Kaplan–Meier method was
utilized to estimate NODAT-free survival stratified by the presence of MS. Multivariate
logistic and Cox regression analyses were performed to identify the risk factors for MS and
NODAT, respectively. Multivariate linear models were used to determine the factors
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associated with renal function, blood uric acid levels, and pulse pressure at the most recent
follow-up. Statistical software SAS 9.1 was used to perform all analyses. Statistical
significance was set at a p value of ≤ 0.05.

Results
A total of 591 kidney transplant patients from the center database met the inclusion criteria.
The median follow-up for this cohort was 47.7 months after transplantation with a range
between 12.5 to 96.0 months. Overall, 314 patients (53.1%) met the definition of metabolic
syndrome, and 90 patients (15.2%) were diagnosed with new onset diabetes. A total of 84
patients (14.2%) had both conditions. Table 1 summarizes the demographic and baseline
characteristics of study patients grouped according to the presence of either condition alone
or in combination. Overall, there were significant differences in age, fasting glucose levels,
and BMI at transplant among patients within different groups. African American patients
were over-represented in NODAT with and without MS. The use of different CNIs at
transplant and at last follow-up was not statistically different. Similarly, the trough
concentration of CNIs was not statistically different as well. There were significantly more
cases of NODAT during the study period in patients who met the criteria for the diagnosis of
MS at the end of follow-up (log-rank p < 0.0001), and the two conditions were highly
associated with each other (χ2, p < 0.0001) (Fig. 1A,B). Patients who developed NODAT
also had a significantly higher number of metabolic derangements that are part of MS after
adjusting for the use of statins and the number of anti-hypertensive medications (OR 3.01,
95% CI 2.30, 3.94, p < 0.0001, Fig. 2).

Tables 2 and 3 display the clinical correlates for both MS and NODAT by multivariate
logistic and Cox regression analyses, respectively. Higher BMI and higher fasting glucose at
the time of transplant were individually associated with MS and risk of developing NODAT.
The weight gain after transplant was associated with MS but not NODAT. On the other
hand, old age, African American race, and hypertension-related end stage renal disease
(ESRD) are risk factors for the development of NODAT but not metabolic syndrome. In
fact, African American patients and patients with history of hypertensive ESRD have nearly
twice high risk for developing NODAT than non-African American patients and patients
whose etiology of ESRD was not primarily because of hypertension. Interestingly, HCV-
positive serology was correlated with the presence of MS rather than the development of
NODAT.

As both MS and NODAT were reported to be associated with inferior kidney graft survival,
we investigated the effect of the presence of either MS or NODAT on transplant renal
function in the form of estimated glomerular filtration rate (eGFR) by abbreviated
Modification of Diet in Renal Disease (aMDRD) study formula. Using a linear regression
model adjusting for multiple covariates, the presence of MS but not NODAT was associated
with a modest reduction in renal function (−2.1 mL/min, p = 0.064). When we replaced MS
with a covariate indicating the number of various components of MS in a separate model,
we showed that the number of MS components was associated negatively with an inferior
level of eGFR. Each component of MS was associated with additional reduction in eGFR by
1.9 mL/min (p = 0.008). In particular, the presence of hypertriglyceridemia (≥150 mg/dL)
was associated with 3.5 mL/min reduction in eGFR (p = 0.003). Other factors associated
with inferior renal function included the number of previous transplants, old donor age, low
baseline renal function, presence of acute rejection, and longer duration of follow-up (Table
4).

Finally, at the last follow-up, patients with MS and/or NODAT displayed a worse metabolic
and cardiovascular profile despite higher prevalence in the use of statins and anti-
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hypertensive medications including inhibitors of rein–angiotensin system (RAS) blockers
(Table 5). In particular, blood uric acid levels were higher in patients with MS, whereas
pulse pressure was elevated in patients with NODAT. After adjusting for the use of
allopurinol, differential use of CNIs, and renal function, the presence of MS was associated
with 0.46 mg/dL higher in uric acid levels (p < 0.001). In addition, each component of MS
contributed 0.24 mg/dL higher in uric acid levels (p < 0.001). Pulse pressure was 3.7 mmHg
higher in patients with a diagnosis of NODAT after adjusting for the number of anti-
hypertensive medications, age, gender, BMI, differential use of CNIs, and renal function (p
= 0.04).

Discussion
Our study showed that metabolic syndrome and new onset diabetes after transplant are
highly prevalent in kidney transplant recipients. Furthermore, the two conditions are closely
associated by sharing some but not all pre-transplant risk factors. Elevated body mass index
and fasting glucose levels prior to transplantation are risk factors for both conditions,
whereas African American race, old age, and hypertension-related ESRD are risk factors for
developing NODAT. The weight gain following transplant was associated with the presence
of MS but not the development of NODAT.

Metabolic syndrome is present in over 20% of US adults over the age of twenty and predicts
the future risk for adverse cardiovascular outcomes (15–17). In kidney transplant patient
populations, the reported prevalence of metabolic syndrome varies widely from as low as
14.9% to as high as 65%, likely reflecting the difference in populations studied (2, 18–20).
The presence of MS is associated with the risk of developing NODAT. Both MS and
NODAT are associated with chronic allograft dysfunction, poor graft, and patient survival
(2, 6, 19). One recent study found that kidney transplant recipients with MS had
significantly higher coronary artery calcification, a risk for coronary artery disease (18).
Another group of investigators showed that the presence of MS was associated with an
increased risk of cardiovascular events (21). As cardiovascular disease is the leading cause
of mortality in kidney transplant patients, accounting for over 50% of deaths, therefore,
identifying clinical predictors and/or risk factors for both MS and NODAT before transplant
may help early diagnosis of both conditions and provide guidance for appropriate
therapeutic intervention.

Our study confirmed the findings of impaired metabolic and cardiovascular profiles in
kidney transplant patients affected by either or both conditions and provided a hint that two
conditions may impact negatively on cardiovascular risk in different ways. MS was
associated independently with reduced renal function and elevated blood uric acid levels,
whereas NODAT was associated with elevated pulse pressure. Many studies have linked
elevated blood uric acid levels to the risk of cardiovascular events independent of renal
function (22, 23). Similarly, elevated pulse pressure was reported to be associated with
increased cardiovascular mortality (24, 25).

The use of immunosuppressive medications, such as CNIs and prednisone, negatively
impact metabolic and cardiovascular risk profiles. However, our study could not
demonstrate any association of a particular immunosuppressive agent on either conditions,
neither did levels of CNIs between the groups affected the study outcome (data not shown).
Similarly, the episodes of acute rejection did not differ among groups and had no impact on
the occurrence of MS and NODAT in our study. However, occurrence of acute rejection did
negatively impact renal function.
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Our study has several limitations. First, it is a cross-sectional and retrospective observation
of the prevalence of MS. We do not know how many of those patients had MS at the time of
transplantation because of the lack of adequate information on all components of MS at the
time of transplant. Therefore, we could not determine how many of those patients actually
developed metabolic syndrome following transplantation. Thus, the relationship between
MS and NODAT can be only seen as an association rather than cause-effect between the two
conditions. Second, we did not have reliable information regarding cardiovascular events in
this cohort of patients and therefore we were unable to assess the impact of MS on
cardiovascular outcomes. Finally, our study did not address the effect of MS and NODAT
on patient survival, the most important endpoint of any study of cardiovascular risk.

In summary, we found that MS is highly prevalent and closely associated with NODAT in
previously non-diabetic stable kidney transplant recipients. Both conditions are associated
with impaired metabolic and cardiovascular risk profiles. Early detection of MS prior to
transplantation may help us to understand its impact on the risk for the subsequent
development of NODAT. Target therapeutic intervention could be instituted at an early
stage.
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Fig. 1.
Kaplan–Meier new onset diabetes after transplant (NODAT)-free survival between patients
with and without metabolic syndrome (MS) (A) and association between MS and NODAT
(B).
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Fig. 2.
Distribution of metabolic syndrome (MS) components between patients with and without
new onset diabetes after transplant (NODAT).
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Table 2
Risk factors associated with metabolic syndrome

Variables Odds ratio 95% CI p-value

BMI at transplant (kg/m2) 1.19 1.14, 1.24 <0.001

Change in BMI (kg/m2) 1.22 1.15, 1.29 <0.001

FBGa at transplant (mg/dL) 1.02 1.01, 1.04 0.011

HCV (positive vs. negative) 3.34 1.05, 10.49 0.041

BMI, body mass index.

a
FBG, fasting blood glucose.
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Table 3
Time-dependent multivariate analysis of risk factors for new onset diabetes after
transplant

Variables Hazard ratio (HR) 95% CI p-value

BMI at transplant (kg/m2) 1.08 1.05, 1.12 <0.001

FBGa at transplant (mg/dL) 1.05 1.03, 1.07 <0.001

Age (per one yr increase) 1.04 1.02, 1.06 <0.001

AA (vs. others) 2.02 1.21, 3.38 0.007

Hypertensive ESRD (vs. others) 1.87 1.08, 3.25 0.026

a
FBG, fasting blood glucose.
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Table 4
Multivariate analysis of predictors of renal function

Variables Parameter estimates (mL/min) p-value

Metabolic syndrome (yes vs. no) −2.1 0.064

Metabolic syndrome components −1.9 0.008

Hypertriglyceridemia (≥150 mg/dL) −3.5 0.003

Baseline renal function (mL/min) 0.40 <0.001

Number of transplants −2.8 0.04

Acute rejection (yes vs. no) −5.7 <0.001

Donor age (yr) −0.30 <0.001

Duration of follow-up (months) −0.05 0.04
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