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Abstract

Background—Abnormal glucose metabolism (AGM) and metabolic syndrome (MS) are 

individually associated with a poor cardiovascular outcome in kidney transplant recipients. We 

prospectively studied the relationship between AGM and MS in non-diabetic kidney transplant 

recipients early after transplantation.

Methods—A total of 203 de novo kidney transplant recipients underwent standard 2-hr glucose 

tolerance test 10 weeks after transplantation. Demographic and clinical characteristics were 

collected. AGM was defined as impaired fasting glucose, impaired glucose tolerance, and new 

onset diabetes after transplant according to the WHO criteria, and MS was defined according to 

the National Cholesterol Education Expert Panel criteria.

Results—Overall, 97 patients (47.8%) met the diagnosis of AGM and 98 patients (48.3%) met 

the criteria of MS. AGM and MS are highly associated (χ2, P<0.001). Fasting plasma glucose 

levels before the transplant are independent predictors common for AGM and MS. Age predicts 

AGM with and without MS, whereas body mass index before transplant predicts MS. Patients 

with impaired glucose tolerance and new-onset diabetes after transplant displayed significant 

worsening of their fasting plasma glucose levels during the 10-week observational period. MS and 

the components of MS, but not AGM, were associated with reduced transplant renal function 

(P=0.002).

Conclusion—The early screening of AGM and MS should be emphasized, and the role of early 

therapeutic interventions aimed at both conditions explored. The long-term follow-up of these 

patients will yield more insight on the significance of such findings.
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Abnormal glucose metabolism (AGM) is common early after kidney transplantation and is a 

risk factor for new-onset diabetes after transplant (NODAT) (1, 2). The majority of NODAT 

occurs early after kidney transplantation, and it is associated with increased cardiovascular 

events and mortality (3–5). Metabolic syndrome (MS) is a constellation of metabolic and 

nonmetabolic disorders that occurs frequently in kidney transplant recipients as well, and it 

is associated with impaired long-term renal allograft function and poor patient survival (6, 

7). In addition, various components of MS are shown to be risk factors for the development 

of AGM and NODAT (1, 8). It is unclear what relationship exists between AGM and MS 

early after kidney transplantation.

Current guidelines recommend using fasting plasma glucose or oral glucose tolerance to 

diagnose AGM (9–11). However, in the kidney transplant population, it has been shown that 

the oral glucose tolerance test (OGTT) has a superior sensitivity in diagnosing AGM when 

compared with fasting glucose levels alone (12). Furthermore, the OGTT can clearly define 

a subgroup of patients who demonstrate an impaired glucose tolerance (IGT) that can be a 

precursor of type 2 diabetes mellitus and a predictor of mortality in the general population 

(13, 14). Thus, the early detection of AGM and MS after transplantation could be of great 

importance because it will allow for a more timely intervention to prevent or reduce the 

long-lasting deleterious effects of both conditions on patient and allograft survival.

We performed a prospective observational study investigating the relationship between 

AGM and MS in de novo kidney transplant recipients. Here, we report the findings at 10 

weeks after kidney transplantation.

MATERIALS AND METHODS

Patients and Laboratory Studies

This is a prospective observational study of glucose metabolism in previously non-diabetic 

solitary kidney trans-plant recipients. The study was approved by the institutional review 

board.

Between October 2006 and September 2008, all non-diabetic de novo kidney transplant 

recipients were recommended to have a standard 2-hr OGTT 10 weeks after kidney 

transplantation as per the institutional standard protocol. Their demographic characteristics 

were collected at the time of kidney transplantation. The fasting plasma glucose levels were 

collected at different time points: before transplant, first 3 days in the hospital, 4 and 10 

weeks after transplant. At the tenth week (from 8 to 16 weeks), a standard 2-hr OGTT was 

performed at the central laboratory of our institution. In brief, patients were instructed to 

have at least 8 hr of overnight fasting the day before their routinely scheduled clinical visits. 

After drawing a fasting blood sample, patients were given 75 g of anhydrous glucose 

dissolved in 250 mL of water to drink over a period of 5 min. A second blood sample was 

obtained 2 hr later for the measurement of glucose level. In addition, a comprehensive 
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chemistry panel, including fasting lipid panel, uric acid, and creatinine, was obtained from 

the fasting blood sample at the time of the OGTT. The blood pressure measurement was 

taken during their clinical visit that occurred between 10 and 12 weeks after transplant. 

Body mass index (BMI) was calculated as weight (kilograms) over squared height (meter 

square) at the time of transplant and 10 weeks after transplant. Renal function, expressed as 

estimated glomerular filtration rate (eGFR), was calculated using abbreviated modification 

of diet in renal disease formula (15).

Definitions

AGM including impaired fasting glucose (IFG), IGT, and NODAT were defined based on 

the results of 2-hr OGTT according to the American Diabetic Association (ADA) and the 

World Health Organization (WHO) criteria: normal with fasting plasma glucose less than 

100 and 2-hr glucose less than 140 mg/dL, IFG with a fasting plasma glucose between 100 

and 125 mg/dL and IGT with 2-hr glucose between 140 and 199 mg/dL, and NODAT with a 

fasting plasma glucose more than or equal to126 mg/dL or 2-hr glucose more than or equal 

to 200 mg/dL (10, 11).

MS was defined according to the National Cholesterol Education Expert Panel (NCEP) 

criteria, but BMI was used instead of waist circumference (16–18). A patient was classified 

as having MS if at least three 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 mm Hg or greater, or on an anti-hypertensive medication), fasting triglyceridemia of 

150 mg/dL or greater, or a high-density lipoprotein cholesterol of 40 mg/dL or lower for 

men and 50 mg/dL or lower for women.

Immunosuppression

Immunosuppression was provided according to the institutional standard protocols. 

Induction was given selectively to patients with high immunologic risks using rabbit 

antithymocyte globulin or an anti-IL2 receptor antibody (basiliximab). All patients were 

started on a triple-drug regimen that included a calcineurin inhibitor (CNI), cyclosporine 

(CsA) or tacrolimus (Tac), an antiproliferative agent, mycophenolate moftile or sirolimus 

(Rap), and corticosteroids (prednisone). The dose of CNIs was determined by trough 

concentrations. The 12-hr trough levels were maintained between 150 and 300 ng/mL for 

CsA and 5 and 15 ng/mL for Tac through the first 10 to 12 weeks after transplantation. 

Prednisone was tapered according to the protocol, and the dose was tapered to 10 mg at 8 

weeks after transplant. Acute rejection was diagnosed by biopsy, and treatment was tailored 

according to the severity of the rejection based on the updated Banff classification (19, 20).

Statistical Analyses

The statistical software SAS 9.1 was used to perform all the analyses. Continuous and 

categorical variables were compared using the ANOVA technique and chi-square test 

between the groups. Cochran-Mantel-Haenszel statistics were used to test association 

between AGM and MS. Multivariate multinomial logistic regression was performed to 

identify the risk factors for AGM and MS. Multivariate linear regression analysis was used 

to determine the association of blood uric acid levels and eGFR with AGM and MS. 
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Multivariate generalized linear regression analysis for repeat measures was used to assess 

the evolution of fasting glucose levels over the period of 10 weeks after kidney 

transplantation.

RESULTS

A total of 203 de novo kidney transplant recipients were included in this observational 

study. Overall, 97 patients (47.8%) displayed various degrees of AGM at 10 weeks (median 

10.3 weeks, range 8.0 –18.6 weeks) after transplantation defined by the abnormal fasting 

plasma glucose or 2-hr oral glucose tolerance levels (Fig. 1a). Applying ADA and WHO 

criteria using fasting and 2-hr OGTT values, 97 patients had AGM. Among them, 32 

(15.8%), 41 (20.2%), and 24 (11.8%) patients met diagnostic criteria for IFG, IGT, and 

NODAT, respectively. Applying NCEP criteria, 98 (48.3%) patients met the definition of 

MS. AGM and MS were closely related (Fig. 1b, P<0.001). In fact, 66 patients met the 

definition for both condition (MS/AGM; Table 1). Patients with either or both conditions 

were significantly older and heavier and had higher fasting glucose levels prior to the 

transplantation and during the first 3 days after transplant. Positive family history of type 2 

diabetes mellitus was also seen more frequently in patients with MS or AGM, although not 

statistically different. Multivariate multinomial logistic regression analysis showed that 

fasting plasma glucose levels before transplant are independent predictors for the presence 

of MS or AGM 10 weeks after kidney transplantation. For every 1 mg/dL increase in 

pretransplant fasting plasma glucose levels (between 60 and 120 mg/dL), the risk of having 

MS or AGM is approximately 10% to 13% greater. Age is the risk factor for AGM with or 

without MS but not MS alone. Indeed, for every 1 year increase in age, there is 

approximately 8% greater risk to have AG Mat 10 weeks after transplant (Table 2). Not 

surprisingly, elevated BMI before transplantation predicts MS at 10 week after 

transplantation, a 17% increase in risk for each unit of BMI elevation. In this model, the use 

of Tac was associated with greater risk for AGM but not for MS, although the wide 

confidence interval suggests the effect of relatively few patients taking this medication. In a 

multivariate linear regression model, patients taking Tac had on average of 25.6 mg/dL 

higher 2-hr glucose levels than patients taking CsA (P=0.03) without significantly affecting 

the fasting glucose levels (data not shown). On the other hand, the positive family history of 

type 2 diabetes mellitus was associated with the presence of MS or AGM (OR, 1.4 –3.5), but 

it did not reach statistical significance in this model, likely related to small sample size.

Because plasma glucose levels and BMI at 10 weeks were two of the five components 

defining the presence of MS, we reanalyzed our data in a multivariate multinomial model 

that did not include plasma glucose levels and BMI before transplantation. Among all 

baseline variables, only age and the use of Tac remained as independent predictors for AGM 

with and without MS (data not shown).

At 10 weeks, patients with MS or AGM or both conditions had worse metabolic and 

cardiovascular risk profile as given in Table 3. In particular, patients with MS had higher 

levels of blood uric acid and reduced renal function. Multivariate linear regression analyses, 

adjusting for important confounding factors, demonstrated that MS, not AGM, was 

associated with elevated blood uric acid levels and inferior transplant renal function, 
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expressed as eGFR. In fact, patients with MS have on average 0.5 mg/dL higher blood uric 

acid levels and 9.2 mL/min lower eGFR compared with patients without MS(P=0.03 and 

P=0.002, respectively). In addition, each component of MS contributes to 4.5 mL/min 

reduction in eGFR (P=0.002). Another factor associated with reduced renal function is 

episodes of acute rejection. On the other hand, female sex and African American race were 

associated with higher renal function 10 weeks after kidney transplantation (Table 4).

We further studied the evolution of the fasting plasma glucose levels through the first 10 

weeks after kidney transplant. With the exception of the fasting plasma glucose levels 

immediately after kidney transplantation, the patients on average had a slow and progressive 

increase in fasting plasma glucose levels through the first 10 weeks after transplantation 

(P<0.001). There is a strong interaction between the time and the fasting glucose levels at 10 

weeks after transplant (Fig. 2, P<0.001). Age, BMI (obese vs. no obese), and the use of CNI 

(Tac vs. CsA) were positively correlated with the changes in the fasting plasma glucose 

levels after transplantation (P=0.02, P=0.01, and P=0.002, respectively).

DISCUSSION

Our study showed that AGM and MS are prevalent early after kidney transplantation in a 

previously non-diabetic patient population. Furthermore, the two conditions were closely 

associated and share some common risk factors. Increased fasting plasma glucose levels 

before transplant, although within the non-diabetic range, are a common predictor for both 

conditions. The increased fasting plasma glucose levels seen shortly after kidney transplant, 

when all patients received high doses of steroids, failed to predict either condition 10 weeks 

later. Furthermore, our study showed that having either condition is associated with 

impaired metabolic and cardiovascular risk profile, and MS, not AGM, was associated with 

significantly higher blood uric acid levels and lower renal function early after 

transplantation.

NODAT and MS are both associated with poor patient and graft outcome (4, 7, 21). It is 

striking to see that the presence of MS or the individual components of MS early after 

kidney transplantation were associated with reduced renal function, which likely will lead to 

worsening kidney graft survival and increased cardiovascular death over the years as 

evidenced by previous studies (22, 23). Thus, early detection of the conditions will likely 

identify patients at risk for future deterioration in their transplant outcome. Although, fasting 

plasma glucose levels are generally recommended to diagnose AGM, they underestimate the 

incidence or prevalence of AGM in the kidney transplant population when used alone (12, 

24). The importance of detecting prediabetes conditions has been shown by several studies 

in the general population as well as in the kidney transplant population (2, 25). It has been 

also shown that IGT but not impaired fasting plasma glucose levels predicts the progression 

toward type 2 diabetes and leads to an increased incidence of cardiovascular events in the 

general population (13, 14). In addition, based on our findings, screening for other 

components of MS before transplant may have even greater effect than fasting glucose 

levels alone as each component seemed to contribute to the reduced renal function. Thus, 

there is a potential for intervention, such as encouraging weight loss, early use of statins and 

even insulin sensitizers (26). Kidney transplant patients, even without preexistent diabetes, 
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are considered high-risk patients for cardiovascular events, aggressive early screening for 

AGM and MS should be encouraged (27, 28).

One of the major risk factors for AGM is the use of various immunosuppressive medications 

for the purpose of kidney transplantation. In fact, CNIs, CsA or Tac, and steroids induce 

AGM through different mechanisms (29–31). Our study confirms the differential effects of 

CsA and Tac on glucose metabolism even in the early period after kidney transplantation 

implicating a greater β-cell toxicity by the later (32). The risk seems time dependent as the 

incidence of NODAT was highest shortly after kidney transplant and tapered off gradually 

to a stable level later on, likely a reflection of the practice pattern with the use of 

immunosuppressive medications (3, 33). It has been shown that a simple reduction in the 

daily dose of steroids could lead to improvement of glucose tolerance and differential effect 

of two CNIs become less striking in the late posttransplant period (33, 34).

The strength of our study included a clear description of the relationship between AGM and 

MS, demonstration of the progression of fasting glucose levels and the risk factors 

associated with the progression, and negative association of MS with reduced renal function 

early posttransplant in a prospective fashion. The results of our study suggest the need for 

detection of not only AGM but also the various components of MS early posttransplant, or 

event before transplant, so appropriate intervention could be instituted.

There are several limitations related to this study. First, we did not perform screening for 

either condition before kidney transplantation, thus we are not able to exclude the possibility 

that either of two conditions could be present. The fact that elevated BMI and fasting blood 

glucose before transplantation predicted the presence of MS or AGM 10 weeks after kidney 

transplantation suggests that both conditions and their individual components could well be 

present before transplantation. On the other hand, the result of this study placed emphasis on 

the importance and benefit of such screening before transplantation so early intervention 

targeting such risk components could be instituted. Second, the duration of observation is 

too short as 10 weeks after transplant may not yet represent a stable phase in the use of the 

immunosuppressive agents, thus a longer duration may alter the distribution of AGM or MS. 

However, previous studies have demonstrated that AGM early posttransplant was a risk 

factor for NODAT during the follow-up years and the incidence of MS increases with time 

after kidney transplantation (2, 7). Finally, because this is an observational study, all patients 

received routine care as per institutional protocols. The underutilization of statins and renin 

angiotensin system (RAS) blockers reflects the current practice pattern of initiating those 

medications mostly in the third month posttransplantation for the concern of drug-drug 

interaction and adverse effects. With the findings presented here, such practice should be 

reconsidered.

In conclusion, both AGM and MS are common early after kidney transplantation. MS is 

associated with reduced renal function. Longer follow-up of these patients will allow a 

better understanding of the evolution in both conditions and real impact on patient and graft 

survival. Early screening for both conditions and possible therapeutic intervention may 

represent the best opportunity to prevent or reduce morbidity caused by AGM or MS.
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Figure 1. 
Distribution in glucose metabolism (a) and relationship between glucose metabolism and 

metabolic syndrome (b) 10 weeks after kidney transplantation.
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Figure 2. 
Change in fasting plasma glucose levels during the first 10 weeks after kidney 

transplantation.
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TABLE 2

Predictors for metabolic syndrome, abnormal glucose metabolism, or both

Predictors Odds ratio 95% CI P

Age (1 yr increase)

  MS alone 1.009 0.972–1.048 0.63

  AGM alone 1.086 1.042–1.133 <0.001

  MS/AGM 1.085 1.048–1.123 <0.001

BMI at transplant (1 kg/m2 increase)

  MS alone 1.166 1.068–1.272 <0.001

  AGM alone 0.876 0.773–0.992 0.04

  MS/AGM 1.055 0.967–1.151 0.23

  FGB at transplant (1 mg/dL increase)

  MS alone 1.100 1.031–1.173 0.004

  AGM alone 1.104 1.029–1.184 0.006

  MS/AGM 1.129 1.063–1.199 <0.001

  CNIs usage (Tac vs. CsA)

  MS alone 2.510 0.486–12.968 0.27

  AGM alone 7.220 1.328–39.249 0.02

  MS/AGM 2.016 0.377–10.772 0.41

BMI, body mass index; FBG, fasting blood glucose; CNIs, calcineurin inhibitors; MS, metabolic syndrome; AGM, abnormal glucose metabolism; 
CsA, cyclosporine; Tac, tacrolimus.
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TABLE 4

Factors associated with transplant renal function at 10 wk

Changes in
eGFRa, mL/min P

MS (yes vs. no) −9.2 0.002

Component of MS (each one) −4.5 0.002

Acute rejection (yes vs. no) −12.4 0.020

Gender (women vs. men) 7.0 0.017

Race (African American vs. others) 8.6 0.016

a
eGFR by abbreviate modification of diet in renal disease formula.

eGFR, estimated glomerular filtration rate; MS, metabolic syndrome.
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