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Diabetes mellitus (DM) is the leading cause of end-stage renal failure, requiring hemodialysis and renal transplantation, in the US.1 Classic markers of renal transplantation
success are based on graft survival, patient morbidity including immunosuppressive
toxicity and infection, and patient mortality.2 Diabetic patients who undergo renal
transplantation have an increased risk of infection, rehospitalization, and inpatient
mortality.3,4 Hyperglycemia has been linked to worse endothelial function, impaired
wound healing, and pro-inflammatory conditions,5 which have been postulated to partially explain the association of preexisting DM with poor clinical transplant outcomes.6
Thus, targeting inpatient hyperglycemia management in the perioperative period in
diabetic patients undergoing renal transplant could improve morbidity in this population. However, there is a paucity of published data on this topic. This is in contrast to
the many studies evaluating glycemic control in cardiac, trauma, and intensive care unit
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Objective: To compare length of stay (LOS) and incidence of hypoglycemic events and infections in hospitalized patients with diabetes mellitus (DM) undergoing renal transplantation,
among groups of patients defined by admission glucose and mean inpatient daily glucose.
Methods: A retrospective analysis of 190 charts of patients with DM who underwent renal
transplantation over a 2-year period was conducted. Patients were grouped according to admission glucose and mean inpatient daily glucose (≤140 mg/dL, 141–180 mg/dL, and >180 mg/dL).
Results: Admission glucose was not associated with LOS. A mean inpatient daily glucose of
≤140 mg/dL was associated with a longer LOS compared to a mean inpatient daily glucose of
>180 mg/dL (p=0.03). Patients with an admission glucose of ≤140 mg/dL had approximately half
the rate of hypoglycemic events compared to those with admission glucose of 141−180 mg/dL
(odds ratio [OR]=2.1; p=0.02) or >180 mg/dL (OR=1.9; p=0.04). However, patients whose
mean daily glucose was ≤140 mg/dL had approximately twice the rate of hypoglycemic events
than those whose mean daily glucose was 141−180 mg/dL (OR=0.4; p=0.01) or >180 mg/dL
(OR=0.4; p=0.004). The incidence of infections was low and was not associated with admission
or mean daily glucose levels.
Conclusion: Lower mean daily inpatient glucose levels (≤140 mg/dL) are associated with
longer LOS and greater incidence of hypoglycemic episodes in diabetes patients undergoing
renal transplantation. Our findings suggest that target blood glucose levels of 140−180 mg/dL
may be appropriate in this specific population. Additional prospective research is needed to
confirm these findings.
Keywords: diabetes mellitus, renal transplantation, length of stay, hypoglycemia, infection
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patients,7−9 which has led to debate regarding the glycemic
targets for hospitalized patients.
The aim of this study was to evaluate patients with DM
who underwent renal transplantation and compare the clinical
outcomes of length of stay (LOS), hypoglycemic events, and
infections rates among patient groups defined by admission
glucose and mean inpatient daily glucose levels (a measure
of inpatient glycemic control).

of time, a discrete-time survival analysis was performed for
the incidence of hypoglycemic events. Only the first hypoglycemic event per person was considered for this analysis.
For all tests, a p-value <0.05 was considered significant.
This study was approved by the Institutional Review Board
of the University of Maryland, Baltimore which waived the
requirement to obtain patient’s consent due to the retrospective nature of the study.

Research design and methods

Results

A single-center retrospective chart review was conducted of
adult patients (age ≥18 years) with a known diagnosis of DM,
defined using the International Classification of Diseases,
Ninth Revision (ICD-9) code 250.xx and medical record
documentation indicating a diagnosis of DM, who underwent
renal transplantation at the University of Maryland Medical
Center from December 23, 2008 to December 23, 2010.
Patients who received dual solid organ transplantation at the
time of or prior to the kidney transplant were excluded. Two
hundred and eight patients were included in the study based
on inclusion and exclusion criteria.
Admission plasma glucose was defined as the first
recorded plasma glucose level at hospital admission for
renal transplantation. Capillary glucose measurements
were obtained using a Roche AccuChek Inform glucometer
(Roche Diagnostics, Indianapolis, IN, USA). Only patients
with a minimum of three capillary glucose results each day
were included in this analysis. The mean daily glucose level
was calculated by taking the average of the patient’s mean
glucose values for each of the days on which glucose was
measured during their hospital stay. Patients were stratified
into three groups based on their admission plasma glucose
and mean daily glucose levels: ≤140 mg/dL, 141−180 mg/
dL, and >180 mg/dL in order to compare the three outcome
variables of interest: LOS, rate of hypoglycemic events
(defined as a blood glucose level <70 mg/dL), and rate of
infections. Blood glucose stratification was chosen based on
current inpatient blood glucose targets.10 The relationship
between the categorical variables, such as sex, age, race, type
of renal transplant, and Charlson comorbidity index score,11
and the outcome variables of interest was also examined.
The statistical significance of differences between the subgroups with respect to mean LOS was calculated based on
an analysis of variance model. Renal function was defined as
glomerular filtration rate (GFR) on the modification of diet
in renal disease equation and was calculated using the serum
creatinine levels and the patient’s age, race, and sex on the day
of discharge or at day 7 of hospitalization using whichever
was shorter. As patients were followed for variable lengths

Of the 214 patients identified with diabetes who underwent
renal transplantation, 24 patients were excluded from the
study due to incomplete data or other solid organ transplants.
One individual was excluded from the LOS calculation as
the LOS was more than three times the standard deviation
for LOS. Among the 190 individuals included in the study,
67% were male, 52% were black, and 87% were older than
45 years of age (mean, 58±11.5 years) at the time of cohort
entry (Table 1). Eighty-eight percent had a diagnosis of type
2 DM, and 12% had a diagnosis of type 1 DM. Most patients
(77%) underwent a deceased donor renal transplantation.
Sixty-three percent of patients in the deceased donor (DD)
category had delayed graft function, while none in the living donor (LD) and living related donor (LRD) categories
reported delayed graft function.
The mean LOS was 8.0±4.5 days (Table 1). Those patients
whose mean daily glucose was ≤140 mg/dL had a longer
LOS (9.9±6.1 days) compared to those with a mean daily
glucose of >180 mg/dL (7.5±3.6 days, p=0.03). The LOS
for patients with a mean daily glucose of 141−180 mg/dL
was similar to that of the patients with ≤140 mg/dL (8.6±5.4
days, p=0.4). Further stratification within the group with an
average daily glucose of ≤140 mg/dL did not demonstrate
any statistical difference in LOS (data not shown). Admission glucose was not associated with LOS. The mean LOS
among the 177 patients not experiencing acute rejection
was 7.9±4.3 days, compared to 10.9±7.4 days among the
13 patients experiencing acute rejection (p=0.2); thus, acute
rejection did not significantly increase LOS.
Table 1 shows the relationship between patient characteristics and the incidence of hypoglycemic events. Forty-four
percent of patients had at least one hypoglycemic event. The
overall hypoglycemia incidence rate was 0.084 events per
person-day. Deceased donor renal transplantation was associated with a lower rate of hypoglycemic events compared to
LD renal transplantation (p=0.03). Age was not associated
with rate of hypoglycemic events. Patients with an admission
glucose of ≤140 mg/dL had approximately half the rate of
hypoglycemic events compared to those with an a dmission
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Table 1 Comparison of variables with length of stay and hypoglycemic events
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Variables

Patients

Sex
Male
128
Female
62
Age group (years)
4
18−34
21
35−44
73
45−59
92
≥60
Race
White
81
Black
98
Other
11
Organ
Kidney DD
145
Kidney LD
33
Kidney LRD
12
Charlson score
0
4
1
1
2
110
3
61
4
14
Admission glucose (mg/dL)
124
≤140
141–180
22
28
>180
Mean daily glucose (mg/dL)
24
≤140
141–180
45
119
>180

Mean LOS (days)

p-Value

Hypoglycemia rate per person-day

OR

p-Value

7.6
8.9

R
0.08

0.082
0.090

R
1.1

0.66

8.3
8.3
7.6
8.3

1.00
1.00
0.72
R

0.032
0.068
0.099
0.079

0.4
0.8
1.3
R

8.0
8.3
6.5

R
0.86
0.54

0.088
0.079
0.119

R
0.9
1.4

8.5
6.2
7.6

0.01
R
0.54

0.074
0.130
0.133

0.5
R
1.0

0.03

9.0
4.0
8.5
7.2
8.4

R
0.61
0.99
0.76
0.99

0.032
0.000
0.098
0.079
0.043

0.7
N/A
2.4
1.9
R

0.99
0.98
0.97
0.98

8.0
8.1
8.2

R
0.999
0.98

0.069
0.137
0.121

R
2.1
1.9

0.02
0.04

9.9
8.6
7.5

R
0.38
0.03

0.168
0.076
0.076

R
0.4
0.4

0.01
0.004

0.34
0.42

0.46

Abbreviations: DD, deceased donor; LD, living donor; LOS, length of stay; LRD, living related donor; OR, odds ratio; R, reference; N/A, not applicable.

glucose of 141−180 mg/dL (p=0.02) or >180 mg/dL (p=0.04;
Table 1). However, patients with a mean inpatient daily glucose
of ≤140 mg/dL had approximately twice the rate of hypoglycemic events compared to those with a mean daily glucose of
141−180 mg/dL or >180 mg/dL (p=0.01 and 0.004, respectively). When stratified by donor category (DD, LD, LRD), having a mean daily glucose of ≤140 mg/dL was associated with
significantly higher rates of hypoglycemia in the DD group
only. A comparison of the incidence of hypoglycemia among
donor groups was not significantly different; however, this is
likely due to the small numbers in the LD and LRD groups.
Overall, the mean daily glucose did not have a statistically
significant association with renal function, which was defined
by automated GFR values (mL/min/1.73 m2; p=0.60; data
not shown). Although the association was not statistically
significant, there was a weak trend that patients with a lower
mean daily glucose level (≤140 mg/dL) were more likely to
have a lower GFR.
Twenty-three patients had at least one urinary tract infection. Females had a higher rate of urinary tract infections
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2017:10

(p=0.007). The incidence of urinary tract infections was not
associated with age, race, type of renal transplant, hypoglycemia, mean daily glucose, or admission glucose levels. Due
to the very small number of blood infections (three blood
infections in 190 patients with an incidence rate of 0.002
events per person-day), no analysis was performed for blood
infections. Mean daily glucose did not have a statistically
significant association with the occurrence of skin or wound
infections (p=0.2; data not shown). The occurrence of infections (urinary tract, wound/skin, and blood infections were
excluded due to low incidence) had no statistically significant
associations with any variable of interest.
Charlson comorbidity index score and race were not
associated with any outcome variable of interest, including
sex, age, type of renal transplant, hypoglycemia, mean daily
glucose, or admission glucose levels.

Discussion
The American Diabetes Association and the European
Association for the Study of Diabetes have defined inpatient
submit your manuscript | www.dovepress.com
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glycemic goals for critically ill patients as 140−180 mg/dL
and preprandial and random glucose levels for noncritically
ill patients as <140 mg/dL and <180 mg/dL, respectively.10
Avoiding hypoglycemia is a priority, especially in the critically ill population. Some patients may be appropriate for
more intensive control based on clinical judgment. Alternatively, terminally ill patients or patients with significant
comorbidities may have targets higher than standard glucose
ranges.10 These goals aim to reduce morbidity and mortality
impacted by hyperglycemia and hypoglycemia in the inpatient population.
These guidelines fail to specifically address special populations, including high-risk diabetic patients undergoing renal
transplant. Retrospective data shows a negative impact of
diabetes on LOS12 and infection.3 There are conflicting data,
especially, regarding graft outcomes and mortality.13,14 One
prospective study by Hermayer et al15 (n=104) attempted to
address whether intensive blood glucose control (70−110 mg/
dL) or standard blood glucose control (70−180 mg/dL), in
patients with diabetes or impaired glucose tolerance, affected
delayed graft function. There was no statistical difference in
graft function between the two treatment groups, although
severe hypoglycemia (blood glucose <40 mg/dL) was more
common in the intensively treated group (16% of intensively
treated patients versus 4% of control patients, p=0.08). In
addition, Ramirez et al16 retrospectively evaluated 202 individuals undergoing renal transplant (60% with preexisting
diabetes). There was no association between perioperative
or chronic glycemic control within the first year of postrenal transplant and graft rejection, infection, or hospital
readmission even for those with the tightest glycemic control (80−110 mg/dL). Although small, these studies start to
address whether diabetic renal transplant patients should be
grouped with critically ill patients or with noncritically ill
patients for their inpatient target glucose goals.
Our study adds to this limited body of literature. Admission glucose did not impact the clinical parameters of LOS
or infection. These results are in contrast to the retrospective
study by Tewari et al,12 which demonstrated that patients with
an admission glucose >180 mg/dL had an increased LOS
regardless of diabetes status prior to renal transplantation. In
our study, those individuals with higher admission glucose
levels may have been subjected to a more aggressive glucose
management plan, thus potentially explaining the increased
incidence of hypoglycemic events in this group.
Patients whose daily glucose levels were more strictly
controlled (mean glucose ≤140 mg/dL) had longer LOS and
were more likely to have a hypoglycemic event. Although no
specific or consistent hyperglycemia treatment protocol was

used for diabetic patients undergoing renal transplant, it is
reasonable to consider that those individuals who were more
strictly controlled would be expected to have more hypoglycemic events by virtue of starting at a lower overall mean
glucose. Those individuals with a lower GFR, which may
contribute to longer LOS, may have been more aggressively
targeted for lower blood sugars because they did not have
immediate graft function postoperatively. Additionally, in our
study, the incidence of delayed graft function within the DD
recipients compared to the LD and LRD groups was higher
and may be one factor for the increased LOS in this group.
This study’s findings support those observed previously
that there is no significant difference between standard blood
glucose control (<180 mg/dL) and stricter blood glucose control in terms of graft function or incidence of infections;16,17
however, stricter glucose control is associated with a greater
incidence of hypoglycemic events.14,15 Collectively, these
results suggest that target glucose levels for diabetic renal
transplant patients should be 140–180 mg/dL while hospitalized, rather than stricter control, so that hypoglycemia may
be reduced.
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Limitations
As this is a retrospective study, there are several limitations.
The retrospective design did not provide us the opportunity
to control for multiple factors impacting glucose levels,
including nutrition, insulin regimen, and immunosuppressive medications. Generally, all patients received a standard
protocol for immunosuppression posttransplantation, which
included high-dose glucocorticoids in combination with a
calcineurin inhibitor (primarily tacrolimus) and an mammalian target of rapamycin (mTOR) inhibitor (primarily
sirolumus) which are known to affect glucose homeostasis.
Additionally, the chart review did not allow us to capture
information on the underlying reasoning behind decisions
of glucose management (e.g., allowing higher glucose levels
because of hypoglycemic unawareness). LOS can be reflective of multiple variables other than those highlighted in this
study, including surgical complications, rehabilitation status,
and home care coordination. Thus, the contribution of any or
all of these factors has not been accounted for in this study. As
preadmission glycated hemoglobin results were not available
for most patients, the contribution of preadmission glucose
control to peritransplant glucose control cannot be defined.

Conclusion
Our results support the need for more prospective research to
clarify key management issues in the diabetic renal transplant
population. Glycemic control is increasingly more difficult
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when balancing variables like renal function and steroid/immunosuppressive regimens in this population. However, our study
results demonstrate a snapshot of a typical “real-life” situation
that adds valuable insight into the effect of glycemia on specific
hospital outcomes. Intensive glucose control does not appear
to reduce LOS and may contribute to hypoglycemic events.

Summary
•
•
•

•

Post-renal transplant diabetes glycemic goals are poorly
studied
Ideal glycemic control postoperatively is difficult in this
high-risk, complicated population
Diabetic renal transplant patients should target glucose
levels of <140–180 mg/dL while hospitalized, rather than
stricter control, so that hypoglycemia may be reduced
Targeting lower blood sugars was associated with longer
length of stay and increased hypoglycemia
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