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Background and objectives: Hyperglycemia and new-onset diabetes occurs frequently after kidney transplantation. The
stress of surgery and exposure to immunosuppression medications have metabolic effects and can cause or worsen preexisting
hyperglycemia. To our knowledge, hyperglycemia in the immediate posttransplantation period has not been studied.
Design, setting, participants, & measurements: We conducted a retrospective, observational study to characterize the
prevalence and assess the pharmacologic management of hyperglycemia in kidney transplant recipients who underwent
transplantation at our center between June 1999 and December 2006. Data were abstracted from electronic and pharmacy
databases.
Results: The study cohort included 424 patients (mean age 51 yr; 58% men; 25% with pretransplantation diabetes). All
patients with and 87% without pretransplantation diabetes had evidence of hyperglycemia (bedside glucose >200 mg/dl or
physician-instituted insulin therapy), whereas the prevalence of hypoglycemia was low (4.5%). Hyperglycemia was sustained
throughout hospitalization. All patients with and 66% without pretransplantation diabetes required insulin at hospital
discharge. Patients with pretransplantation diabetes were treated primarily with short-acting insulin during the first 24 h after
transplantation but were transitioned to long-acting insulin as the hospital stay progressed.
Conclusions: Investigators have historically attempted to identify hyperglycemia after hospital discharge. Our data indicate
that a substantial number of patients without pretransplantation diabetes develop hyperglycemia and require insulin during
the hospital phase of their care immediately after kidney transplantation. Prospective studies are needed to delineate factors
that contribute to development of new-onset diabetes after transplantation among patients with transient hyperglycemia.
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yperglycemia is a widely known complication after
solid organ transplantation (1– 6). Among kidney
transplant recipients, it is of particular concern because approximately 23% have ESRD as a result of diabetes (7),
and maintaining good glucose control after transplantation is
necessary to prevent recurrent diabetic nephropathy (8); however, hyperglycemia may also occur de novo (i.e., among kidney
transplant recipients without diabetes). Thus, in the inpatient
setting after kidney transplantation, patients can be stratified
into two hyperglycemic populations: (1) Patients with pretransplantation diabetes and (2) patients who do not have a history
of diabetes and develop elevated glucose during hospitalization. The stress of surgery and exposure to immunosuppression
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medications have metabolic effects in both groups of patients
that can cause or worsen hyperglycemia. Persistence of hyperglycemia beyond hospitalization in patients without preexisting diabetes has been termed new-onset diabetes after transplantation (NODAT). NODAT has been shown to have a
negative impact on long-term graft and patient outcomes (9).
Recent studies have demonstrated an important relationship
between inpatient hyperglycemia and adverse patient outcomes (e.g., higher mortality, greater costs) in several different
clinical scenarios (10 –12), and increased emphasis is now being
placed on the need to manage inpatient hyperglycemia better
(13). Previous studies of hyperglycemia among renal transplant
patients typically focused on diabetic control after hospital
discharge rather than during hospitalization; however, hyperglycemia is often evident in the immediate postoperative period, before the patient leaves the hospital, and may correlate
with the future development of NODAT (14).
Kidney transplant recipients represent a segment of the inpatient population that may benefit from targeted interventions
to improve inpatient hyperglycemia management. Early identification of hyperglycemia, ideally while patients are still hospitalized, and optimization of inpatient glycemic control may
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have clinically significant implications for long-term patient
and graft survival. There are no published data on the prevalence of inpatient hyperglycemia or the management of hyperglycemia during the inpatient phase of care after transplantation. We therefore conducted a retrospective study to
characterize better the prevalence of inpatient hyperglycemia
and to assess the pharmacologic treatment of patients who
undergo a first kidney transplant.

Materials and Methods
Case Selection
Our analysis included all adult patients who underwent a first kidney transplant between June 1999 and December 2006 at Mayo Clinic
Hospital (Phoenix, AZ). After obtaining consent from the Mayo Clinic
institutional review board, we identified the study cohort by conducting a systematic chart review. Available data included demographics
(patient age, gender, and race/ethnicity), diagnosis of diabetes before
transplantation, diagnosis of hepatitis C before transplantation, and the
type of diabetes therapy before receipt of the transplanted organ. We
further stratified patients with pretransplantation diabetes into two
groups: (1) Patients who were treated with insulin before transplantation and (2) patients who were not treated with insulin before transplantation (i.e., patients who were taking oral agents or whose diabetes
was managed by diet). We chose not to classify patients by diabetes
type (type 1 or type 2) because the basis of classification made at initial
diagnosis could not be verified. Pretransplantation diabetes status was
documented as reported in the United Network for Organ Sharing
form. Determination of diabetes therapy was made by reviewing the
outpatient medication list.

Postoperative Management after Kidney Transplantation
After a brief admission (typically hours), patients undergo renal
transplantation. After transplantation, patients are started on intravenous fluid with normal saline (substituting 1 ml/1 ml urine output for
the first 24 h; after that it is reduced to 0.5 ml/1 ml urine output) and
subsequently discontinued once the patient is able to tolerate adequate
oral intake. They are started on a clear liquid diet on postoperative day
1 and are advanced as tolerated to an appropriate diet (usually an
1800-calorie American Diabetes Association [ADA] diet for patients
with a history of diabetes or a regular diet for those without pretransplantation diabetes). Standard immunosuppression for the study cohort included possible induction therapy with either rabbit antithymocyte Ig or basiliximab. All patients receive a 5-d tapering course of
glucocorticoids (methylprednisolone intravenous 500 mg on day 1, 250
mg on day 2, and 125 mg on day 3, followed by oral prednisone 60 mg
on day 4 and 30 mg on day 5), after which a majority of patients receive
an early steroid-withdrawal immunosuppression regimen using mycophenolate mofetil and tacrolimus as maintenance immunosuppressants. The few patients who receive ongoing steroid therapy receive the
same initial 5-d tapering course in an identical manner to the course
given to those who are on early steroid withdrawal, and they are
subsequently maintained on low dosages of glucocorticoids. Tacrolimus is initiated when there is a ⬎30% drop in serum creatinine. The
day of tacrolimus initiation is variable for each patient; however, all
patients, including patients with delayed graft function, are started on
tacrolimus before discharge.
The nursing staff collects bedside blood glucose values every 6 to 8 h
to obtain preprandial values. Our common protocol for hyperglycemia
is a sliding scale of subcutaneous short-acting insulin that starts at 2 U
and increases by 2 U for every 50-mg/dl increase in blood sugar ⬎200
mg/dl. Long-acting insulin is started at the discretion of the physician.
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Assessment of Inpatient Hyperglycemia and Glycemic Control
To capture episodes of hyperglycemia, we computed a composite average bedside glucose measurements obtained during the first 24 h after
admission (F24BedGlucavg) during which time the kidney transplant was
performed, the last 24 h before discharge (L24BedGlucavg), and for the
middle (median) day of the hospital stay (Mid24BedGlucavg). The first 24-h
period was calculated forward from the admission time. We similarly
averaged bedside glucose measurements for all three time periods
(first, middle, and last days of hospital stay) to calculate a composite
average (BedGlucavg). We calculated the overall frequency of hyperglycemia over the first, middle, and last days of hospitalization.
Threshold for hyperglycemia was defined as bedside blood glucose
measurement ⱖ200 mg/dl; however, because many patients received
one or more doses of insulin after a first episode of blood sugar ⱖ200
mg/dl, an isolated frequency of blood sugar ⱖ200 mg/dl does not
capture the true prevalence of hyperglycemia had insulin not been
administered. Thus, to capture the true prevalence of hyperglycemia,
we further defined hyperglycemia as a bedside glucose ⱖ200 mg/dl on
at least one bedside glucose measurement or as a physician order for
insulin administration as therapy for expected hyperglycemia. The
renal transplant database was linked by patient identifiers to our electronic laboratory database to retrieve information on bedside glucose
values by methods described previously (15,16). In addition, we calculated the overall prevalence of hypoglycemia (blood glucose ⬍70 mg/
dl) during the hospital stay.
To assess diabetic control, we linked case identifiers to our inpatient
pharmacy database to determine types of insulin pharmacotherapy
actually administered to the patient for treatment of hyperglycemia.
We further examined the insulin treatment strategies by classifying the
type of regimen as “long-acting” (when only long-acting insulin was
administered) or as “short-acting” (when only short-acting insulin was
administered) and as long-acting and short-acting when both kinds of
insulin were administered.

Statistical Analysis
We first analyzed data among patients without pretransplantation
diabetes to determine the prevalence of hyperglycemia; F24BedGlucavg,
Mid24BedGlucavg, L24BedGlucavg, and BedGlucavg values; and insulin
use. These analyses were repeated for the subset of patients who had
pretransplantation diabetes, comparing the subset of patients who were
treated with insulin before transplantation with those who were not
treated with insulin before transplantation.
Continuous variables were compared using t test and ANOVA, and
non-normally distributed variables were compared using the Wilcoxon
rank sum test. The 2 test was used to compare proportions. Logistic
regression models were used to determine risk conferred by traditional
risk factors (age, gender, race, hepatitis C, pretransplantation body
mass index [BMI]) on presence of hyperglycemia on the day of hospital
discharge. In addition, incidence of postsurgical wound complications
(including wound dehiscence, wound infection, and wound hematoma) and other infections within 1 mo after transplantation was determined in the two groups. All statistical analyses were conducted
using Stata 8.0 statistical software (Stata Corp., College Station, TX).

Results
General Patient Characteristics
Our analytic cohort consisted of 424 adult patients who received a first solitary kidney transplant between June 1999 and
December 2006. A total of 105 (25%) patients had a pretransplantation diagnosis of diabetes, 75 of whom were treated with
insulin before transplantation. The mean age of patients at
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transplantation was 51 ⫾ 9 yr; 58% were men. The mean length
of hospital stay was 4.6 ⫾ 2.2 d. Patients with pretransplantation diabetes were older than those without pretransplantation
diabetes, and a greater proportion of patients with pretransplantation diabetes were of Native American or Hispanic ethnicity (Table 1). White patients with pretransplantation diabetes were more likely to be treated with insulin compared with
nonwhite patients (Table 1).

Prevalence of Inpatient Hyperglycemia
Figure 1 shows the distribution of hyperglycemia, defined as
blood sugar ⱖ200 mg/dl or a physician order for administration of insulin during the first, middle, or last 24 h of the
hospital stay. Overall, 87% of patients without diabetes and
100% with pretransplantation diabetes had blood sugar ⱖ200
mg/dl or received a dose of insulin during their entire hospitalization. Factors including age at transplantation, gender,
BMI, ethnicity, and presence of hepatitis C were not significantly associated with the presence of hyperglycemia before
discharge (during the last 24 h of hospital stay) among the
cohort who did not have diabetes before transplantation. Univariate and multivariate logistic regression models demonstrated no significant risk for hyperglycemia conferred by the
various traditional risk factors for diabetes, including age, gender, race, positive hepatitis C status, and pretransplantation
BMI in the two groups.

Bedside Blood Glucose Measurements during Hospitalization
Patients with pretransplantation diabetes had a significantly
higher frequency of bedside blood glucose values ⱖ200 mg/dl
during their entire hospitalization (median 9; confidence interval [CI] 8 to 11) compared with patients who did not have
pretransplantation diabetes (median 1; 95% CI 1 to 1; P ⬍
0.001). Bedside blood glucose measurements were significantly
higher at every time point during hospitalization among patients with pretransplantation diabetes compared with those
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without pretransplantation diabetes (Table 2). In addition, the
BedGlucavg level was significantly higher among those who
were treated with insulin before transplantation versus those
who were on oral or diet therapy before transplantation (Table
2). Overall, among all subcohorts, bedside blood glucose worsened in the middle 24 h of the hospital stay.

Prevalence of Inpatient Hypoglycemia
Overall, only 4.5% patients had at least one documented
episode of bedside glucose ⬍70 mg/dl during their hospital
stay. On further analysis, 3.7% had one episode of hypoglycemia and close to 1% had two or more episodes of hypoglycemia
during the hospital stay.

Patterns of Blood Glucose Monitoring and Insulin Therapy
Among patients with pretransplantation diabetes versus
those without pretransplantation diabetes, the mean number of
bedside glucose measurements was 24 ⫾ 16 versus 16 ⫾ 18 (P ⫽
0.08) during hospitalization. Among patients with diabetes
treated with insulin therapy versus those not treated with insulin therapy before transplantation, the mean number of bedside
glucose measurements was 26 ⫾ 17 versus 20 ⫾ 8 (P ⬍ 0.001)
during hospitalization.
Insulin regimens differed among patients with pretransplantation diabetes compared with those without a history of diabetes (Figure 2). Patients without pretransplantation diabetes
were administered predominantly short-acting insulin
throughout their hospital stay (Figure 2A), with only a small
group receiving any form of long-acting insulin. Patients with
pretransplantation diabetes experienced a shift from a predominant use of short-acting insulin during the first 24 h of the
hospital stay to a regimen consisting of a combination of longacting and short-acting therapy as their hospitalization progressed (Figure 2B).
By the last 24 h of the hospital stay, 66% of patients who had
no diagnosis of pretransplantation diabetes and 100% of pa-

Table 1. Descriptive analyses of kidney transplant cohort by presence or absence of pretransplantation diabetesa
Diabetes Present before Transplantation (n ⫽ 105)
Variable

Age (yr; mean 关SD兴)b
Male gender (%)
Race (%)c
black
white
Native American
Hispanic
BMI (kg/m2; mean 关SD兴)
Donor type, deceased (%)b

Treated with Insulin
before Transplantation
(n ⫽ 75)

Treated with Diet or Oral Agents
before Transplantation
(n ⫽ 30)

No Diabetes before
Transplantation
(n ⫽ 319)

57 (9)
64.0

60 (9)
63.0

49 (14)
56.0

2.7
66.2
10.8
20.3
29.7 (5.7)
47.0

10.0
36.7
23.3
23.3
27.9 (5.2)
57.0

8.0
69.0
5.0
14.0
26.8 (5.6)
30.0

n ⫽ 424. BMI, body mass index.
P ⬍ 0.05 between patients with and without diabetes.
c
P ⬍ 0.05 between patients with diabetes treated with insulin and patients with diabetes treated with diet or oral agents
before transplantation.
a

b
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tients with a history of pretransplantation diabetes received
insulin. Furthermore, among patients with pretransplantation
diabetes, 28% who were not receiving insulin before transplantation were on this therapy by hospital discharge. All pretransplantation insulin users continued on insulin at hospital discharge.

Postsurgical Wound Complications and Infections
The incidence of postsurgical wound complications (including wound dehiscence, wound infection, and wound hematoma) within 1 mo after transplantation was 22 versus 14% (P ⫽
0.05) among patients who did require insulin versus those who
did not require insulin on the last day of hospital discharge. In
addition, no statistical difference was observed in the rates of
other infections within 1 mo after transplantation in the two
groups.

Discussion

Figure 1. (A and B) Inpatient hyperglycemia prevalence after
kidney transplantation in patients with and without pretransplantation diabetes (A; *P ⬍ 0.001) and in the subset of patients
with known diabetes according to outpatient pretransplantation insulin use (B; *P ⬍ 0.05). Hyperglycemia was defined as
blood sugar ⬎200 mg/dl or physician-ordered administration
of insulin therapy.

NODAT has received considerable attention in the medical
literature (1–7,17,18); however, in each publication, hyperglycemia was defined during the outpatient phase of care, yet the
inpatient setting is an optimal place to diagnose and treat
hyperglycemia and to begin or reinforce efforts to educate the
patient in the self-management skills that will be used in the
outpatient arena (19). Using the kidney transplant population
as our model, we conducted a retrospective analysis to define
better the prevalence and to start to address the pharmacologic
management strategies for optimum glucose control.
Our analyses indicate that the prevalence of inpatient hyperglycemia was high not only in patients with pretransplantation
diabetes but also among patients without pretransplantation
diabetes mellitus. We also observed that the middle 24-h period
of the hospital stay was the point at which we observed the
highest level of glucose values; this may be explained by the
peak effect of steroids, because all transplant patients received
high dosages of steroids for the first 5 d after transplantation.
We also elucidated patterns of insulin use in our hospitalized
kidney transplant population. In general, a basal-bolus regimen
(a long-acting insulin at bedtime and a short-acting insulin with

Table 2. Average blood sugar at various time points after kidney transplantationa
Diabetes Present before Transplantation (n ⫽ 105)
Bedside Glucose
(mg/dl; mean 关SD兴)b

F24BedGlucavg
Mid24BedGlucavg
L24BedGlucavg
BedGlucavg

Treated with Insulin
before Transplantation
(n ⫽ 75)

Treated With Diet or Oral Agents
before Transplantation
(n ⫽ 30)

176 (56)
224 (57)
202 (52)
203 (37)

168 (50)
208 (51)
185 (54)
184 (30)

No Diabetes before
Transplantation
(n ⫽ 319)

143 (32)
150 (29)
142 (32)
145 (22)

n ⫽ 424. BedGlucavg, bedside glucose composite average; F24BedGlucavg, composite average bedside glucose
measurements obtained during the first 24 h after admission; L24BedGlucavg, composite average bedside glucose
measurements obtained during the last 24 h before discharge; Mid24BedGlucavg, bedside glucose composite average
(BedGlucavg) during the middle (median) of the hospitalization.
b
P ⬍ 0.05 between patients with and without diabetes. P ⬍ 0.05 between patients with diabetes treated with insulin and
patients with diabetes treated with diet or oral agents before transplantation.
a
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Figure 2. (A and B) Pattern of inpatient insulin administration
after kidney transplantation in patients with and without pretransplantation diabetes (A) and in the subset of patients with
known diabetes according to outpatient pretransplantation insulin use (B).

meals or for correction) is the favored and most effective management approach to inpatient hyperglycemia (10,13,20). We
observed that there was predominant use of short-acting
insulin to manage hyperglycemia in patients without pretransplantation diabetes, perhaps reflecting beliefs on the
part of their physicians that hyperglycemia would be shortlived. Because we do not know what proportion of patients
ultimately resolves their hyperglycemia, all of these patients
require education in self-monitoring of blood glucose and
insulin administration before hospital discharge, a potentially increased burden on limited hospital staff that provide
such services.
The significance of management of inpatient glucose in transplant patients can be viewed from two perspectives, short-term
and long-term. In the short term, control of inpatient hyperglycemia may prove to be important for immediate surgical outcome. It is now recognized that inpatient hyperglycemia is
associated with a number of adverse outcomes in several different clinical scenarios, including higher rates of surgical
wound infections (10,13,21). Several national and regional quality improvement initiatives are under way to increase aware-
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ness and to develop strategies to improve care of hospitalized
patients with diabetes or hyperglycemia (10,13,19,21–26). The
transplant population represents a subset of patients who
should be included in these efforts. In the long term, inpatient
hyperglycemia may affect both graft and patient outcomes.
Little is known about the outcomes of transplant patients who
experience inpatient hyperglycemia (e.g., how many require
long-term insulin therapy, the relationship between hyperglycemia and graft and patient survival). Future studies are
required to determine the influence of inpatient hyperglycemia during the immediate postoperative period on the development of NODAT and its impact on long-term outcomes,
including graft survival, infections, and cardiovascular disease. Identifying patients early, while still in the hospital,
allows construction of a patient cohort that can be tracked
prospectively.
There are some limitations to our study. First, our electronic
database does not necessarily distinguish between a preprandial and a postprandial bedside glucose; however, ADA guidelines recommend no excursions of glucose ⱖ200 mg/dl, even
after meals, so our definition of hyperglycemia is consistent
with that of the ADA (27). In addition, current suggestions do
not really seek to discriminate between pre- and postprandial
values. Some type of mean value is currently favored (28).
Second, we chose to divide patients with pretransplantation
diabetes by their form of therapy (oral agents or insulin), a
distinction that does not capture the underlying cause of diabetes. Third, blood glucose values were not captured as a
continuum; instead, we had three periods during which the
blood glucose and insulin usage were captured (first 24 h,
middle 24 h, and the last 24 h). It should be noted that because
the median length of hospital stay was 4 d, we anticipate that
the three periods used to capture the data sufficiently capture
the information about hyperglycemia. Fourth, a retrospective
review of electronic medical records does not allow assessment
of reasons underlying decision-making behavior of clinicians
(e.g., why they did or did not change therapy). Finally, our
study lacks data on pretransplantation glycemic control as determined, for example, by glycosylated hemoglobin (HbA1c)
values. There are few data on whether prehospital glucose
control is associated with inpatient hyperglycemia, although
recent data indicate that preoperative HbA1c levels are correlated with outcome in coronary artery bypass patients (29).
Until recently, there has not been an emphasis on obtaining
HbA1c values at admission; however, recent Joint Commission
guidelines on inpatient diabetes management require an HbA1c
value if one has not been done within 60 d of before admission
(24). Consequently, our hospital is in the process of implementing these guidelines, and future analysis should help answer
the question about whether the severity of pretransplantation
hyperglycemia is correlated with hospital inpatient hyperglycemia in these patients.

Conclusions
Investigators have typically attempted to delineate hyperglycemia after hospital discharge. Our data indicate that a substantial number of patients without pretransplantation diabetes
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develop hyperglycemia and require insulin during the inpatient phase of their care. Long-term follow-up will be required
to determine which of these patients have hyperglycemia that
will actually evolve into diabetes and which ones will recover
from their hyperglycemic episode. Moreover, the long-term
impact of inpatient hyperglycemia, including its effect on cardiovascular, allograft, and overall patient outcomes, needs to be
studied. Overall quality improvement efforts are needed to
better manage inpatient hyperglycemia after kidney transplantation.
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