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New-Onset Diabetes Mellitus in Kidney Transplant
Recipients Discharged on Steroid-Free

Immunosuppression
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Background. New-onset diabetes after transplant (NODAT) is a serious complication after kidney transplantation. We
studied the relationship between steroid-free maintenance regimens and NODAT in a national cohort of adult kidney
transplant patients.
Methods. A total of 25,837 previously nondiabetic kidney transplant patients, engrafted between January 1, 2004, and
December 31, 2006, were included in the study. Logistic regression analysis was used to compare the risk of developing
NODAT within 3 years after transplant for patients discharged with and without steroid-containing maintenance
immunosuppression regimens. The effect of transplant program-level practice regarding steroid-free regimens on the
risk of NODAT was studied as well.
Results. The cumulative incidence of NODAT within 3 years of transplant was 16.2% overall; 17.7% with maintenance
steroids and 12.3% without (P�0.001). Patients discharged with steroids had 42% greater odds of developing NODAT
compared with those without steroids (adjusted odds ratio [AOR]�1.42, 95% confidence interval [CI]�1.27–1.58,
P�0.001). The maintenance regimen of tacrolimus and mycophenolate mofetil or mycophenolate sodium was asso-
ciated with 25% greater odds of developing NODAT (AOR�1.25, 95% CI�1.08 –1.45, P�0.003) than the regimen of
cyclosporine and mycophenolate mofetil or mycophenolate sodium. Several induction therapies also were associated
with lower odds of NODAT compared with no induction. Patients from programs that used steroid-free regimens for
a majority of their patients had reduced odds of NODAT compared with patients from programs discharging almost all
of their patients on steroid-containing regimens.
Conclusion. The adoption of steroid-free maintenance immunosuppression at discharge from kidney transplantation
in selected patients was associated with reduced odds of developing NODAT within 3 years.
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New-onset diabetes after transplant (NODAT) is preva-
lent in kidney transplant patients. NODAT develops in

up to 25% of previously nondiabetic patients and is associ-
ated with an increased risk of posttransplant mortality, ag-
gressive cardiovascular disease, greater health care utilization,
and inferior graft survival (1– 6). Immunosuppressive medi-
cations, including calcineurin inhibitors (CNIs) such as cy-

closporine and tacrolimus, and corticosteroids, are well
known risk factors for the development of NODAT (7, 8).

The role of steroids in the development of NODAT has
been recognized since the early days of kidney transplantation
(9 –11). A moderate daily dose of prednisone has been shown
to increase insulin resistance, leading to an increased insulin
demand to maintain normal glucose tolerance (12). In recent
years, many clinical trials have explored the strategy of rapid
steroid withdrawal early after kidney transplant and have
found survival outcomes comparable with the standard
steroid-containing regimens (13–16). In addition, several
studies have suggested a potential reduction of the incidence
of NODAT when patients were treated with steroid-free
maintenance immunosuppression (14, 16, 17). We explored
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the relationship between steroids and NODAT through
a retrospective analysis of a national cohort of nondiabetic
kidney transplant recipients using the Organ Procurement
and Transplantation Network (OPTN)/Scientific Registry of
Transplant Recipients data.

RESULTS
We identified a total of 25,837 adult kidney-only trans-

plant recipients between 2004 and 2006 with no history of
diabetes reported to the OPTN before transplantation. Of
those 25,837 patients, 6922 (26.8%) were discharged with
steroid-free maintenance immunosuppression and 18,915
(73.2%) with steroids. Table 1 displays characteristics of our
sample. Recipient characteristics associated with steroid use
at discharge include younger age, African American (AA)
race, underlying end-stage renal disease (ESRD) diagnosis of
glomerulonephritis or other, longer time on dialysis, higher
panel reactive antibodies, repeat transplantation, lower body
mass index (BMI), and poorer functional status. An ESRD
diagnosis of hypertension or polycystic kidney disease was
associated with lower use of steroids at discharge. Donor
characteristics associated with greater use of steroids were
younger age, male sex, and deceased donor.

Our measure of NODAT was the transplant program’s
report that the recipient developed diabetes during the
follow-up period. A second question asked whether the dia-
betes required insulin. During the study period, 4194 recipi-
ents (16%) developed NODAT within the first 3 years after
transplantation and 2164 (8%) had NODAT requiring insu-
lin. This is lower than the rates reported in studies using
screening fasting-glucose tests or Medicare claims for diabe-
tes to define NODAT, but similar to studies defining diabetes
by need for hypoglycemic medication or insulin (2, 6, 18).
Among these 4194 recipients with NODAT, the first report of
diabetes for 51% was at their 6-month follow-up, 20% at 12
months, 17% at 24 months, and 12% at 36 months. The in-
cidence of NODAT was significantly different by use of ste-
roids: 18% of those discharged on steroids compared with
12% of those without steroids. The cumulative incidence
rates per 1000 person-years, shown in Figure 1, reflect this
timing of NODAT, with the highest rate occurring between
transplant and 6 months and lower rates as exposure in-
creases with fewer new cases of NODAT.

Table 2 displays the results of a logistic regression
model predicting the development of NODAT within the first
3 years after transplant. The odds of developing NODAT were
29% lower for recipients with steroid-free immunosuppres-
sion compared with those with steroids (adjusted odds ratio
[AOR]�0.71, 95% confidence interval [CI]�0.63– 0.79,
P�0.001); conversely, those with steroids had 42% greater
odds of NODAT compared with those without steroids. Re-
cipients with tacrolimus as part of their maintenance regimen
had 24% greater odds of NODAT than those with cyclospor-
ine (AOR�1.24, 95% CI�1.08 –1.42, P�0.002), regardless of
steroid use (interaction, P�0.95). Compared with recipients
receiving alemtuzumab induction immunosuppression,
those receiving antithymocyte globulin had 19% greater odds
of NODAT (AOR�1.19, 95% CI�1.02–1.39, P�0.03), other
induction therapies had 27% greater odds (AOR�1.27, 95%
CI�1.03–1.56, P�0.02), and those with no induction had

31% greater odds (AOR�1.31, 95% CI�1.10 –1.55,
P�0.002). Anti-IL-2 receptor antibodies had the same odds
as alemtuzumab. Compared with “no induction therapy,” the
use of anti-IL-2 receptor antibodies was associated with re-
duced odds of NODAT (AOR�0.86, 95% CI�0.76 – 0.98,
P�0.02), as was alemtuzumab (AOR�0.77, 95% CI�0.65–
0.91, P�0.002), while antithymocyte globulin and other ther-
apies were not statistically different. These effects also did not
differ by steroid use; however, the interaction of steroids and
anti-IL-2 receptor antibodies was close to statistical significance
(P�0.06). Anti-IL-2 receptor antibodies were associated with a
greater reduction in the odds of NODAT for steroid-free rather
than steroid-containing regimens (steroid free: AOR�0.61,
95% CI�0.41–0.90, P�0.01; steroid containing: AOR�0.87,
95% CI�0.77–0.99, P�0.03). Other factors associated with in-
creased odds of NODAT include increased age, non-white race/
ethnicity, repeat transplantation, positive serology for Hepatitis
C, higher BMI, and increased time on dialysis. Having hyperten-
sion as the cause of ESRD was associated with a higher likelihood
of developing NODAT than glomerulonephritis (AOR�1.25,
95% CI�1.15–1.35, P�0.001), as was polycystic kidney disease
(AOR�1.17, 95% CI�1.03–1.32, P�0.01). The only significant
donor factors increasing risk were having a deceased donor and
AA race.

In a separate model, we classified patients according to
their maintenance regimens other than steroids and used
these regimens instead of choice of CNI, with results shown in
Table 3. The most frequent maintenance regimen was tacroli-
mus with mycophenolate mofetil (MMF) or mycophenolate
sodium (MPA) (tacrolimus-MMF/MPA, 69%), followed by
cyclosporine with MMF/MPA (cyclosporine-MMF/MPA,
11.5%), tacrolimus with sirolimus/everolimus (tacrolimus-
sirolimus/everolimus, 4.3%), tacrolimus alone (tacrolimus-
only, 2.7%), and cyclosporine with sirolimus/everolimus (cy-
closporine-sirolimus/everolimus, 2.4%). The remaining
regimens were grouped as “other” (10.1%). Using cyclospor-
ine-MMF/MPA as the reference group, tacrolimus-MMF/
MPA had greater odds of NODAT (AOR�1.25, 95%
CI�1.08 –1.45, P�0.003) as did tacrolimus-sirolimus/
everolimus (AOR�1.58, 95% CI�1.25–2.00, P�0.001).

Because previous research has suggested that AAs are
likely to differ from whites in their underlying biological risks
for developing diabetes and graft failure (11), we repeated our
analysis separately for AA and white race. AAs discharged
with steroids had 42% greater odds of NODAT (AOR�1.42,
95% CI�1.19 –1.69, P�0.001) than AAs discharged without
steroids (23.5%). The effects of CNIs were not different for
AAs and whites, although some regimens were. AAs receiving
tacrolimus-sirolimus/everolimus (3.5%) had 79% greater
odds of NODAT compared with AAs receiving cyclosporine-
MMF/MPA (AOR�1.79, 95% CI�1.16 –2.75, P�0.008),
while whites receiving tacrolimus-sirolimus/everolimus
(4.4%) had only 39% greater odds of NODAT than
whites receiving cyclosporine-MMF/MPA (AOR�1.39, 95%
CI�1.00 –1.93, P�0.048). The effects of “other” regimens
also differed between AAs and whites (AAs: AOR�1.53, 95%
CI�1.10 –2.13, P�0.01; whites: AOR�0.94, 95% CI�0.75–
1.18, P�0.61). The effects of the other factors in the model,
including hypertension and BMI, were not statistically differ-
ent by race, except that AA donor race (37.6% of AAs and 5%
of whites) was associated with greater odds of NODAT for
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whites than AAs (AAs: AOR�1.23, 95% CI�1.05–1.43,
P�0.01; whites: AOR�1.68, 95% CI�1.45–1.94, P�0.001).

Because selection bias is likely present when a given
patient is chosen to receive steroid-free immunosuppression,
we looked at the transplant program’s practice pattern re-

garding steroids (percentage of recipients discharged with
steroids) to reduce this bias. Transplant programs varied in
the use of steroid-free immunosuppression, as shown in Fig-
ure 2(a). Replacing the individual’s own steroid regimen with
the program’s steroid use and still controlling for person-

TABLE 1. Descriptive statistics for selected recipient, donor and transplant characteristics by the inclusion of steroids
in the discharge maintenance immunosuppression regimen

Total sample Steroid free With steroids P

Total 25,837 6922 (26.8%) 18,915 (73.2%) —

Recipient characteristics

1 Developed NODAT within 3 yr (%) 4194 (16.2) 850 (12.3) 3344 (17.7) �0.001

1 NODAT required insulin therapy (%) 2164 (8.4) 405 (5.9) 1759 (9.3) �0.001

2 Age (yr), mean�SD 47.5�13.9 48.2�13.9 47.3�13.9 �0.001

— Male (%) 15,151 (58.6) 4109 (59.4) 11,042 (58.4) 0.15

1 African American (%) 6287 (24.3) 1476 (21.3) 4811 (25.4) �0.001

2 First transplant (%) 21,290 (84.8) 6228 (90.0) 15,692 (83.0) �0.001

Primary diagnosis

1 Glomerulonephritis (%) 9256 (35.8) 2313 (33.4) 6943 (36.7) �0.001

2Hypertension (%) 7687 (29.8) 2167 (31.3) 5520 (29.2) 0.001

2 Polycystic kidney disease (%) 3378 (13.1) 1022 (14.8) 2356 (12.5) �0.001

1 Other (%) 5516 (21.3) 1420 (20.5) 4096 (21.7) 0.048

1 Duration of dialysis (yr) 4.1�5.2 3.3�4.4 4.5�5.4 �0.001

2 BMI at transplant 26.6�5.4 26.7�5.4 26.5�5.3 0.02

Peak panel reactive
antibodies

2�10% 17,007 (65.8%) 4861 (70.2%) 12,146 (64.2%) �0.001

1 10%–79% 5848 (22.6%) 1484 (21.4%) 4364 (23.1%) 0.006

1�80% 2696 (10.4%) 504 (7.3%) 2192 (11.6%) �0.001

— Missing 286 (1.1%) 73 (1.1%) 213 (1.1%) 0.63

2 Functional status normal (%) 22,996 (89.0) 6431 (92.9) 16,565 (87.6) �0.001

— HCV-positive serology (%) 1048 (4.1) 275 (4.0) 773 (4.1) 0.68

Donor characteristics

2 Age (yr), mean�SD 38.6�14.6 39.3�14.5 38.4�14.6 �0.001

2 Living donor (%) 10,840 (42.0) 3247 (46.9) 7593 (40.1) �0.001

2 Female (%) 12,392 (48.0) 3407 (49.2) 8985 (47.5) 0.01

— African American (%) 3410 (13.2) 885 (12.8) 2525 (13.3) 0.24

— Cold ischemia timea (hr) 16.3�9.6a 16.5�10.4a 16.3�9.4a 0.30

— Donor HCV positive (%) 366 (1.4) 107 (1.5) 259 (1.4) 0.29

— History of hypertension (%) 3979 (15.4) 1040 (15.0) 2939 (15.5) 0.31

— History of diabetes mellitus (%) 772 (3.0) 210 (3.0) 562 (3.0) 0.79

— Serum creatinine (mg/dL) 1.00�0.69 1.01�0.60 1.00�0.72 0.07

— Donation after cardiac deatha (%) 1259 (8.4)a 337 (9.2)a 922 (8.1)a 0.051

2 Extended criteria donora (%) 2327 (15.5)a 661 (18.0)a 1666 (14.7)a �0.001

Donor-recipient
characteristics

— Donor-recipient weight ratio 0.96�0.71 0.96�0.47 0.96�0.78 0.63

— Zero HLA mismatch (%) 3286 (12.7) 865 (12.5) 2421 (12.8) 0.52

— Donor related to recipientb (%) 6771 (62.5)b 2029 (62.5)b 4742 (62.5)b 0.97

Sample includes adult recipients of kidney-only transplants between 2004 and 2006 discharged alive with a functioning graft and with no indication of
diabetes mellitus before transplant.

Arrows indicate direction of bivariate relationship between row characteristic and steroid-free maintenance immunosuppression at discharge:1, associated
with greater use of steroids;2, associated with less frequent use of steroids; —, steroid use did not vary by this characteristic.

a For deceased donor transplants only (N�14,997).
b For living donor transplants only (N�10,840).
NODAT, new-onset diabetes after transplant; BMI, body mass index; HCV, hepatitis C virus; HLA, human leukocyte antigen (A, B, and DR).
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level factors, we compared recipients from programs that
were conservative in the use of steroid-free immunosuppression
with those from programs that used it more widely. Figure 2(b)
shows odds ratios by program steroid use. Transplantation at a
program using steroids for more than 95% of its patients,
compared with a program discharging less than 20% on ste-
roids, resulted in 48% greater odds of NODAT. Although this
analysis may be less influenced by individual patient charac-
teristics through the use of program-level patterns, it does not
eliminate confounding caused when characteristics of pa-
tients increase both the need for steroids to prevent rejection
and the baseline risk of developing diabetes regardless of
transplantation, such as AA race.

DISCUSSION
Despite the success of kidney transplantation in im-

proving survival compared with dialysis, morbidity and mor-
tality remain elevated among kidney transplant recipients.
One reason is the negative effect of immunosuppressive
agents on cardiovascular risk factors (19, 20), including the
development of diabetes. NODAT presents a serious compli-
cation incurring significant cardiovascular morbidity and
mortality (4, 5). The role of steroids in the development of
NODAT has been well established and seems dose related (9,
21–23). During the past two decades, investigators have stud-
ied steroid withdrawal as a strategy to reduce the incidence of
NODAT, with variable success (10, 16, 17, 24, 25). However,
most of these studies involved relatively small numbers of
patients with short follow-up periods, and thus no firm con-
clusions could be drawn.

The rate of NODAT found in our study is lower than
prior nationwide studies (2, 6). Both the definition of diabetes
and the sample composition of our study differ from these
two studies. Our indicator of diabetes is likely more restrictive
than the use of two Medicare claims for diabetes and likely
misses less severe cases of diabetes that are captured by the
Medicare claims. This is reinforced by the finding that 50% of
those who developed NODAT in our study received insulin
therapy. By comparison, Woodle et al. (25) found that 21.2%
of their sample developed NODAT by 5 years (two fasting
glucose tests �126 mg/dL) but only 7.3% required insulin

(one-third of those with NODAT). Our sample cohort ex-
cludes fewer transplant recipients than these studies, which
could lead to lower true rates of NODAT. Kasiske et al. (2)
limited their sample to first transplants without diabetes and
then excluded the 57% that did not have Medicare as a pri-
mary payer, whereas our sample includes higher order trans-
plants and those with other sources of payment. Their sample
had a higher prevalence of the risk factors for NODAT iden-
tified through their statistical models than the group without
Medicare data. Woodward et al. (6) not only used the same
source data but also limited their analysis to deceased donor
transplants and recipients aged 20 to 65 years, excluding even
more recipients compared with our sample.

Additionally, our sample contains more recent trans-
plants, and the strongest risk factors for NODAT have be-
come more prevalent over time, which could lead to higher
true rates of NODAT. Recipients in our study (2004 –2006)
are older and more obese than in Kasiske et al. (1996 –2000).
The use of tacrolimus has increased dramatically from 24% in
Kasiske et al. to 79% in our sample, and tacrolimus is known
to be more diabetogenic than cyclosporine (2, 3, 6, 7). The use
of sirolimus or everolimus has doubled between time frames,
from 5% (1996–2000) to 10% (2004–2006) (26, 27), with some
studies suggesting diabetogenic effects of sirolimus (28, 29).

However, there have also been immunosuppression-
related changes that reduce the risk of NODAT, such as the
decrease in maintenance steroids s from 98% in Kasiske et al.
to 73% in our study. Vincenti et al. (16) (in the FREEDOM
trial) found similar proportions of patients meeting Ameri-
can Diabetes Association (ADA) criteria for diabetes in the
steroid-free and steroid-using groups, but significantly fewer
patients required hypoglycemic medication (an indicator
more like our measure than the ADA definition) in the
steroid-free group. A recent meta-analysis of 30 randomized
controlled trials of steroid-sparing immunosuppression reg-
imens suggested reduced risk for NODAT among patients
assigned to steroid-sparing regimens (30). Induction thera-
pies, which decreased the odds of NODAT in our study, were
used more frequently between 2004 and 2006 (75%) than
between 1996 and 2000 (43%), and drug-treated acute rejec-
tion within the first year after transplant has declined from
25% (1996 –2000) to 10% (2004 –2006) (26, 27), lowering
overall steroid exposure and possibly lowering the true rate of
NODAT. A single-center study comparing recipients from
1995 to 1996 with those from 2004 to 2005 found fewer rejec-
tion episodes and a significant decrease in the total dose of
methylprednisolone, oral prednisolone, and cyclosporine A
in their more recent cohort (31). The fraction with NODAT
at 10 weeks, identified by oral glucose tolerance tests, was
lower in the newer cohort even though they were older and
heavier.

Our study expands on the evidence that the develop-
ment of NODAT occurs less frequently when patients are
discharged with steroid-free maintenance. We included re-
cipients with private insurance and other forms of payment in
addition to the half of transplant recipients with Medicare as
primary payer. We were also able to compare the variety of
immunosuppression strategies used during that time period,
including induction therapies and other maintenance drugs
in addition to steroids. In our study, tacrolimus use increased
the odds of NODAT both with and without concurrent steroid

FIGURE 1. The cumulative incidence rates of new-onset
diabetes after transplant (NODAT) per 1000 patient years at
6 months and at 1, 2, and 3 years, by use of steroids at
discharge.
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TABLE 2. Factors associated with the probability of developing NODAT within 3 years of discharge from the transplant
hospitalization (N�25,837)

Variables
N

(% of total sample)
N with NODAT
(% of row total)

Odds Ratio
(95% CI) P

Immunosuppression

Steroid-free maintenance regimen at discharge vs.
steroid containinga

6922 (26.8) 850 (12.3) 0.71 (0.63–0.79) �0.001

Steroid-containing maintenance regimen at
discharge vs. steroid freea

18,915 (73.2) 3344 (17.7) 1.42 (1.27–1.58) �0.001

Nonsteroid discharge maintenance medications
Cyclosporine without tacrolimus (reference) 3946 (15.3) 554 (14.0) 1.00 (reference) Reference

Tacrolimus 20,346 (78.7) 3426 (16.8) 1.24 (1.08–1.42) 0.002

All others, without tacrolimus or cyclosporine 1545 (6.0) 214 (13.9) 1.04 (0.87–1.23) 0.68

Induction medications

Alemtuzumab 2048 (7.9) 200 (9.8) 1.00 (reference) Reference

Antithymocyte globulin 9494 (36.7) 1569 (16.5) 1.19 (1.02–1.39) 0.03

Anti-IL-2 receptor antibodies 6182 (23.9) 963 (15.6) 1.12 (0.97–1.30) 0.12
All other regimens 1877 (7.3) 308 (16.4) 1.27 (1.03–1.56) 0.02

Nothing other than steroids 6236 (24.1) 1154 (18.5) 1.31 (1.10–1.55) 0.002

Recipient characteristics

Age at transplant (yrs)

18–34 (reference) 5488 (21.2) 450 (8.2) 1.00 (reference) Reference

35–49 8708 (33.7) 1291 (14.8) 1.77 (1.60–1.97) �0.001

50–59 6424 (24.9) 1308 (20.4) 2.64 (2.34–2.99) �0.001
60–69 3994 (15.5) 888 (22.2) 3.20 (2.82–3.63) �0.001

70 and older 1223 (4.7) 257 (21.0) 3.33 (2.81–3.94) �0.001

Race/ethnicity
White (reference) 14,711 (56.9) 2056 (14.0) 1.00 (reference) Reference

African American 6287 (24.3) 1285 (20.4) 1.29 (1.18–1.42) �0.001

Hispanic 3165 (12.2) 532 (16.8) 1.54 (1.35–1.75) �0.001
Others 1674 (6.5) 321 (19.2) 1.87 (1.61–2.17) �0.001

Number of transplant

The first (reference) 21,920 (84.8) 3598 (16.4) 1.00 (reference) Reference

�1 3917 (15.2) 596 (15.2) 1.17 (1.01–1.34) 0.03

Hepatitis C (HCV) serology at transplant
Negative (reference) 21,140 (81.8) 3401 (16.1) 1.00 (reference) Reference

Positive 1048 (4.1) 253 (24.1) 1.43 (1.23–1.67) �0.001

BMI (kg/m2)

�20 (reference) 1929 (7.5) 171 (8.9) 1.00 (reference) Reference

20–�25 7606 (29.4) 898 (11.8) 1.24 (1.03–1.48) 0.02
25–�30 7435 (28.8) 1249 (16.8) 1.75 (1.46–2.10) �0.001

30–�35 3768 (14.6) 828 (22.0) 2.47 (2.06–2.95) �0.001

35 and higher 1605 (6.2) 421 (26.2) 3.38 (2.67–4.27) �0.001

Missing 3494 (13.5) 627 (17.9) 1.85 (1.48–2.31) �0.001

Cause of ESRD

Glomerulonephritis (reference) 9256 (35.8) 1237 (13.4) 1.00 (reference) Reference
Hypertension 7687 (29.8) 1602 (20.8) 1.25 (1.15–1.35) �0.001

Polycystic kidney disease 3378 (13.1) 574 (17.0) 1.17 (1.03–1.32) 0.01

Other and missing 5516 (21.3) 781 (14.2) 1.10 (1.01–1.20) 0.04

Years on dialysis (yrs)

�1 (reference) 4009 (15.5) 531 (13.2) 1.00 (reference) Reference
1 4118 (15.9) 604 (14.7) 1.18 (1.05–1.32) 0.01

2 3596 (13.9) 611 (17.0) 1.19 (1.06–1.35) 0.005

3–5 8393 (32.5) 1519 (18.1) 1.15 (1.02–1.30) 0.02

6 or more years 5721 (22.1) 929 (16.2) 1.06 (0.90–1.24) 0.51

(Continued)
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use as did sirolimus/everolimus, whereas several induction ther-
apies lowered them. Our analysis of transplant program-level
use of steroids reduces some of the selection bias and supports
our individual-level finding that steroid-free immunosuppres-
sion is associated with lower odds of NODAT.

As with any registry-based analysis, our study has
several limitations. We were constrained by the type of
data collected for the registry and its accuracy. No objective
measurements of ADA criteria for the definition of diabetes
were collected, nor was the date on which the diagnosis was
made, which limited the statistical techniques that could be
used. The information on immunosuppressive medications
in the registry is only collected at discharge and on periodic
follow-up reports, rather than every time a change is made,
and dosages are not collected. Because different programs
often implement early steroid withdrawal on different time-

lines soon after discharge, some patients classified as having
steroid-containing maintenance in our study may have been
steroid free soon after the transplant surgery discharge. In
addition, we encountered missing data due to missing reports
and the availability of “unknown” as a response option. Most
importantly, patients with no maintenance immunosuppres-
sive medications reported at discharge (893 of 31,501 or
2.8%) and those whose diabetes status at 3 years after trans-
plant were not known (4736 of 31,501 or 15%) were ex-
cluded, which could have biased our results. Furthermore,
patients from the steroid-free and steroid-containing groups
differed significantly on several important characteristics that
are known to be associated with the development of NODAT.
Although the statistical model controlled for these measured
variables, these groups possibly differ on important unmea-
sured variables as well, leading to selection bias. While the

TABLE 2. Continued

Variables
N

(% of total sample)
N with NODAT
(% of row total)

Odds Ratio
(95% CI) P

Donor characteristics

Type of donor

Deceased donor 14,997 (58.0) 2712 (18.1) 1.15 (1.05–1.27) 0.003

Living donor (reference) 10,840 (42.0) 1482 (13.7) 1.00 (reference) Reference

Donor race

White (reference) 18,141 (70.2) 2775 (15.3) 1.00 (reference) Reference

African American 3410 (13.2) 729 (21.4) 1.32 (1.20–1.45) �0.001

Hispanic 3377 (13.1) 532 (15.8) 0.96 (0.85–1.08) 0.46

Asian 701 (2.7) 119 (17.0) 1.12 (0.90–1.39) 0.30

Other 208 (0.8) 39 (18.8) 1.14 (0.81–1.62) 0.45

Sample includes adult recipients of kidney-only transplants between 2004 and 2006 discharged alive with a functioning graft and no indication of diabetes
mellitus before transplant.

a These two rows are equivalent and allow the reader to easily see both the increased odds of NODAT for steroid-containing regimens compared with
steroid-free regimens, and the decrease in odds of NODAT for steroid-free regimens compared with steroid-containing regimens.

The model also included the following variables that were not statistically significant at the 0.05 level: recipient sex, recipient HCV status unknown, recipient
peak PRA, recipient functional status, recipient private vs. public insurance, donor age, and donor HCV positive. In models not shown, donor sex, cause of
death, history of diabetes, history of hypertension, donation after cardiac death, extended criteria donor, donor serum creatinine, machine preservation of
kidney, kidney was shared regionally or nationally, living donor is biologically related vs. unrelated, cold ischemia time, and zero HLA mismatch were not
significant when included with the characteristics listed in this table.

NODAT, new-onset diabetes after transplant; BMI, body mass index; HCV, hepatitis C virus; ESRD, end-stage renal disease; HLA, human leukocyte antigen
(A, B, and DR); PRA, panel reactive antibodies; IL, interleukin.

TABLE 3. Discharge maintenance immunosuppression regimens other than steroids and the probability of developing
NODAT within 3 years of discharge

Maintenance regimens at discharge N (% of total sample)
N with NODAT
(% of row total)

Odds ratio
(95% CI) P

Cyclosporine and MMF/MPA (reference) 2984 (11.5) 412 (13.8) 1.00 (reference) Reference

Tacrolimus and MMF/MPA 17,815 (69.0) 2968 (16.7) 1.25 (1.08–1.45) 0.003

Tacrolimus and sirolimus or everolimus 1105 (4.3) 214 (19.4) 1.58 (1.25–2.00) �0.001

Cyclosporine and sirolimus or everolimus 630 (2.4) 92 (14.6) 1.34 (0.93–1.93) 0.11

Tacrolimus alone 692 (2.7) 114 (16.5) 1.19 (0.93–1.51) 0.16

All other maintenance regimens 2611 (10.1) 394 (15.1) 1.17 (0.99–1.37) 0.07

Sample includes adult recipients of kidney-only transplants between 2004 and 2006 discharged alive with a functioning graft and no indication of diabetes
mellitus before transplant.

This model also included all the variables of Table 2, except for the individual maintenance medications (tacrolimus, cyclosporine, all others). Results for
variables not shown were the same as the results in Table 2.

NODAT, new-onset diabetes after transplant; MMF, mycophenolate mofetil; MPA, mycophenolic acid.

© 2011 Lippincott Williams & Wilkins 339Luan et al.



program-level analysis likely reduced some of this potential
bias, it is likely that the results still suffer from treatment-by-
indication bias, which could only be eliminated through ran-
domization of the use of steroid-free immunosuppression.

In conclusion, national registry data of kidney trans-
plant recipients selected by their physicians for steroid-free
immunosuppression supports the existing evidence that the
avoidance of steroids is associated with a significant reduc-
tion in the likelihood of developing NODAT and could be
considered as one strategy to reduce overall cardiovascular
risk in kidney transplant patients.

MATERIALS AND METHODS

Data, Sample, and Dependent Variables
The Scientific Registry of Transplant Recipients provided data collected by

the OPTN from all US kidney transplant programs. The only information on
posttransplant diabetes available in the data was one question asking whether
the recipient developed diabetes during the follow-up interval, without spec-
ifying the criteria to define diabetes, and another one asking whether that
diabetes required insulin. The dependent variable was the report of NODAT
(with or without insulin) within 3 years of transplant. The sample was all
adult, kidney-only transplant recipients engrafted between 2004 and 2006
with no indication of pretransplant diabetes on their waiting list or trans-
plant recipient registrations. Subjects were followed up through February 1,
2010. Those who died or lost graft function before discharge from the trans-
plant hospitalization, had no information on maintenance medications at
discharge, or whose 3-year follow-up diabetes status was missing or listed as
unknown were excluded from the sample.

Immunosuppressive Regimens
Patients were classified as being on a steroid-containing or steroid-free

regimen according to the report of steroids as a maintenance medication at
the time of discharge. Recipients classified as steroid-free may have received
steroids during the transplant hospitalization, and steroid use in both groups
may have changed after discharge. We also quantified the transplant pro-
gram’s practice pattern regarding steroid maintenance as the fraction of
transplant recipients at a program that were discharged with steroids during
the calendar year of each transplant in the sample. Using this variable to
substitute for the recipient’s steroid use at discharge, we examined the differ-
ences in the development of NODAT among patients from programs using
steroid-free immunosuppression frequently (and for a wider variety of pa-
tients) compared with those from programs that rarely use steroid-free reg-
imens (and, hence, selectively).

Induction regimens were classified as rabbit antithymocyte globulin only
(Thymoglobulin, Genzyme Corp., Cambridge, MA), anti-IL-2 receptor an-
tibody only (daclizumab [Zenapax, Roche Group, Nutley, NJ] or basiliximab
[Simulect, Novartis, Basel, Switzerland]), the anti-CD52 antibody alemtu-
zumab only (Campath-1H, Genzyme Corp., Cambridge, MA), and all other
induction regimens, which included the use of more than one induction
agent or other agents such muromonab-CD3 (Orthoclone OKT3, Cento-
cor Ortho Biotech, Horsham, PA), equine antithymocyte globulin
(Pfizer, New York, NY), and rituximab (Rituxan, Genentech/Roche
Group, San Francisco, CA).

To look specifically at the choice of maintenance CNIs, we classified re-
cipients into three groups: having tacrolimus as part of their regimen, not
having tacrolimus but having cyclosporine, or having other drugs that did
not include tacrolimus or cyclosporine. In addition, we classified the full
regimen of maintenance immunosuppression drugs by examining potential
combinations of the following medications: (1) tacrolimus, (2) cyclosporine,
(3) mycophenolate mofetil/MMF (Cellcept, Genentech/Roche Group, San
Francisco, CA) or mycophenolate sodium/MPA (Myfortic, Novartis, Basel,
Switzerland), (4) sirolimus (Rapamune, Wyeth/Pfizer, Madison, NJ) or
everolimus (Certican, Norvartis, Basel, Switzerland), and (5) other immu-
nosuppression drugs, such as azathriopine and leflunomide. We identified
five specific regimens, shown in Table 3, and grouped the rest as “other
maintenance regimens.” This set of variables was used in place of the indi-
vidual CNIs for some models.

Statistical Analysis
The generalized estimating equations method was used to estimate logistic

regression models, allowing recipients to be correlated within transplant pro-
grams. Variables used in the analysis, in addition to whether the individual was
discharged with steroids, are listed in Tables 2 and 3. We also performed the same
analysis using the programs’ use of steroids instead of the recipient’s own steroid
regimen; all additional covariates remained at the individual-recipient level. All
analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC).
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