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ABSTRACT

Introduction: Hospitalized patients with dia-
betes receiving corticosteroids are at risk of
developing hyperglycemia and related compli-
cations. This study evaluated a neutral pro-
tamine Hagedorn (NPH) insulin-based protocol
in improving glycemic control in hospitalized
patients receiving corticosteroids.
Methods: This was a randomized, prospective,
non-blinded study in an inpatient setting
involving patients with diabetes who were
hospitalized and receiving prednisone C 10 mg
per day or equivalent. High dose corticosteroids

group (prednisone[40 mg/day or equivalent)
received NPH insulin 0.3 U/kg between 0600
and 2000 hours if eating or 0.2 U/kg between
2000 and 0600 hours if not eating. Low dose
corticosteroids group (prednisone 10–-
40 mg/day or equivalent) received 0.15 U/kg
between 0600 and 2000 hours if eating or 0.1 U/
kg between 2000 and 0600 hours if not eating.
Primary outcome measure was mean blood
glucose level measured pre-meal and at bedtime
for days 1–5.
Results: Mean blood glucose level was lower in
the intervention (n = 29) than in the usual care
(n = 31) group [226.12 vs. 268.57 mg/dL,
respectively, (95% CI for difference - 63.195 to
- 21.695), p\0.0001]. Significant differences
in mean glucose level were noted at fasting
[170.96 vs. 221.13 mg/dL, respectively, (95% CI
for difference - 72.70 to - 27.63), p\ 0.0001]
and pre-lunch [208 vs. 266.48 mg/dL, respec-
tively, (95% CI for difference - 86.61 to
- 30.36), p\ 0.0001].
Conclusion: In hospitalized patients with dia-
betes receiving corticosteroids, an NPH insulin-
based protocol improves glycemic control.
Trial Registration: ClinicalTrials.gov Identifier:
NCT01970241.
Funding: Eli Lilly and Company.
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INTRODUCTION

Corticosteroids cause hyperglycemia by
increasing insulin resistance; and when they are
used to treat illnesses in persons with diabetes,
significant hyperglycemia results. Possible
mechanisms of corticosteroid-induced hyper-
glycemia include increased availability of corti-
sol [1], decreased postprandial glucose uptake,
glycogen synthesis by skeletal muscles [2], and
increase hepatic gluconeogenesis [3]. In a study
of healthy volunteers given corticosteroids, a
doubling of plasma insulin concentration and a
50% reduction in insulin sensitivity were found
[4]. In hospitalized patients, 50–60% of patients
without diabetes have at least one glucose level
over 200 mg/dL while on corticosteroids and
essentially all patients with a diagnosis of dia-
betes have significant hyperglycemia [5, 6].

Corticosteroids used to treat hospitalized
patients may result in acute hyperglycemia,
suboptimal glycemic control, longer hospital
stays, and increased morbidity and mortality
[6, 7]. Use of corticosteroids in the hospital is
predominantly for chronic obstructive pul-
monary disease (COPD), as a component of
chemotherapy, and after transplantation [6].
When corticosteroids are used to treat COPD
there is an increased risk of death which rises by
10% for each 18 mg/dL increase in blood glu-
cose [8]. For patients with acute lymphoblastic
leukemia, hyperglycemia occurred in 37% and
those patients had shorter survival (29 vs.
88 months) [9]. In the setting of solid organ
transplantation, hyperglycemia with glucose
over 200 mg/dL is associated with an increased
risk of rejection and infection [10–12].

Prevalence of diabetes among hospitalized
patients is estimated to range from 12.4% to
26% [13]. Efforts to adjust inpatient diabetes
regimens to mitigate the rise in plasma glucose
related to corticosteroids have been challeng-
ing. Patients receiving corticosteroids are being
treated for variety of illnesses with different
corticosteroid preparations in terms of dose,
frequency, duration of action, and time of
administration. These issues have made corti-
costeroid-induced hyperglycemia a difficult
problem to study, and the current practice of

adjusting usual insulin regimens is often
ineffective.

Several studies have suggested that neutral
protamine Hagedorn (NPH) insulin may be
useful in treating corticosteroid-induced
hyperglycemia in the setting of diabetes
[14, 15]. Continuous glucose monitoring in
patients with COPD treated with daily pred-
nisolone showed an increase in glucose con-
centration throughout the day with a return to
baseline glucose levels between 2000 and
0800 hours [16]. This is a time course suited for
NPH insulin which has an approximately 4-h
peak and 18-h duration of action [17].

We conducted a prospective, randomized,
non-blinded study in hospitalized diabetes
patients comparing an NPH insulin-based pro-
tocol utilizing type and dose of corticosteroid,
patient’s oral intake status, and time of the day
added to the patient’s pretreatment basal-bolus
insulin regimen for the management of corti-
costeroid-induced hyperglycemia.

METHODS

Study Design and Patient Population

This was a prospective, randomized, non-blin-
ded, parallel arm study conducted at Hennepin
County Medical Center, Minneapolis, MN.
Study protocol was approved by the institu-
tional review board, Minneapolis Medical
Research Foundation. All procedures performed
in studies involving human participants were in
accordance with the ethical standards of the
institutional and/or national research commit-
tee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical
standards. Informed consent was obtained from
all individual participants included in the
study.

Patients were recruited from August 2014
until April 2016. The study population included
patients between 18 and 79 years of age with
diabetes, hospitalized for at least 48 h, and
receiving supraphysiologic doses of corticos-
teroids (prednisone C 10 mg/day or equivalent)
orally or intravenously. Data was collected for
up to 5 days of hospitalization. Patients with

1648 Diabetes Ther (2018) 9:1647–1655



critical illness, eGFR\ 30 mL/min/1.73 m2,
hepatic dysfunction (ALT[ 2 times the upper
limit of normal reference range), corticosteroid
doses less than prednisone 10 mg/day or
equivalent, and/or duration of corticosteroid
therapy for less than 48 h were excluded (Sup-
plemental Fig. 1).

Prospective patients were identified by
tracking inpatient corticosteroid dispensation
by the hospital pharmacy. Electronic health
records of those patients were reviewed for the
diagnosis of diabetes and screened for eligibility
criteria. Patients were then randomized to
either intervention (NPH insulin-based proto-
col) group or usual care group using a standard
randomization table.

Insulin Protocol

All patients in both groups received their out-
patient insulin regimen of basal-bolus, pre-
mixed or basal only. Bolus insulin was held if
patients were not eating and premixed insulin
was switched to basal only proportionately to
the basal part of the premixed insulin. Non-in-
sulin diabetes drugs in both groups were held.
Patients in both groups with hemoglobin
a1c[ 9.0% at the time of enrollment received
0.3 U/kg/day of insulin glargine. Moreover,
patients in both arms received a correction dose
of insulin aspart using a factor of 2 U for every
50 mg/dL over 200 mg/dL and was increased up
to 3 U for every 50 over 200 mg/dL after the first
24 h of the study period if blood glucose con-
tinued to remain above 200 mg/dL (Supple-
mental Fig. 1).

In the intervention group, patients were
categorized as receiving either high or low dose
corticosteroids. NPH insulin dose was calculated
accordingly (Supplemental Fig. 2). High dose
corticosteroid was defined as prednisone
C 40 mg/day, hydrocortisone C 160 mg/day,
methylprednisolone C 32 mg/day, and dexam-
ethasone C 6 mg/day. Low dose corticosteroid
was defined as prednisone between 10 and
40 mg or equivalent dose of hydrocortisone,
methylprednisolone, and dexamethasone. NPH
insulin was given at the same time as the cor-
ticosteroid dose administration when dosing

was QD, BID, and TID. If dosing was more fre-
quent than TID, then NPH dose was adminis-
tered at 0800, 1600, and 2200 hours.

Patients in the control arm were continued
on basal insulin once a day with or without
bolus insulin with meals along with the cor-
rection scale as described above. Dose titration
for corticosteroid was done per the discretion of
the primary inpatient healthcare providers.

Sample Size Calculation

We determined that to detect a 20% difference
in pre-meal mean blood glucose between the
two groups with power of 80% and confidence
interval (CI) of 95%, we would need a sample
size of 60 patients.

Statistical Analysis

Analysis was performed using Statistical Package
for Social Sciences (IBM SPSS 12 v24). To
determine the distribution of baseline and
clinical variables, the Shapiro–Wilk test was
used. An independent two-sample t test was
used for normally distributed outcomes whereas
the Mann–Whitney U test was used for blood
glucose values which were not normally dis-
tributed. Two-sided 95% CI was used to assess
the statistical significance between the inter-
vention and usual care group. Pearson correla-
tion and chi-square tests were used to test the
linear relationship between C-peptide and other
baseline variables.

Outcome Measures

The primary outcome measure was the mean
point of care (POC) blood glucose as measured
four times daily (pre-meals and bedtime) for
days 1–5 in the intervention and usual care
group. Secondary outcome measures included
incidence of hypoglycemia (POC glu-
cose\70 mg/dL), percentage of POC glucose
measurements between 70 and 180 mg/dL,
incidence of hyperglycemia defined as POC
glucose 180–300 mg/dL, 300–400 mg/dL, and
[400 mg/dL, difference in mean glucose on
the first and last day of the study between the
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intervention and control groups, difference in
mean insulin dose, and length of stay.

RESULTS

Sixty patients completed the study (29 in
intervention and 31 in usual care group)
(Fig. 1). Indications for corticosteroids were
cancer-related treatment or autoimmune, mus-
culoskeletal, and pulmonary conditions. Both
groups were comparable in terms of baseline
characteristics (Table 1).

Mean POC glucose was lower in the inter-
vention group than the usual care group
[226.12 vs. 268.57 mg/dL, respectively, (95% CI
for difference - 63.195 to - 21.695),
p\0.0001]. Significant differences in mean
glucose level were noted at fasting [170.96 vs.
221.13 mg/dL, respectively, (95% CI for differ-
ence - 72.70 to - 27.63), p\ 0.0001] and pre-
lunch [208 vs. 266.48 mg/dL, respectively, (95%
CI for difference - 86.61 to - 30.36),
p\0.0001] but not pre-dinner [283.17 vs.
307.77 mg/dL, respectively, (95% CI for differ-
ence - 55.52 to 6.33), p = 0.118] and at bedtime

Fig. 1 CONSORT diagram showing the flow of participants
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[273 vs. 294.07 mg/dL, respectively, (95% CI for
difference - 53.63 to 11.49), p = 0.203] (Fig. 2).

Patients in the intervention group had
higher proportions of measurements of POC
glucose between 70 and 180 mg/dL than con-
trol [33.1% vs. 19.2%, respectively, (95% CI for
proportion - 0.21 to - 0.07), p\0.0001] and
lower proportions of measurements between
300 and 400 mg/dL [16.9% and 27%, respec-
tively, (95% CI for proportion 0.04 to 0.17),
p\0.01] whereas there was no difference in
glucose level between 180 and 300 mg/dL
[42.1% vs. 45.3%, respectively (95% CI for pro-
portion - 0.05 to 0.11), p = 0.423] and mea-
surements[400 mg/dL [5.9% and 8.5%,
respectively, (95% CI for proportion - 0.01 to
0.07), p = 0.211]. Hypoglycemia (glu-
cose\70 mg/dL) was more frequent in the
NPH insulin arm than in the control arm (six
episodes in NPH arm vs. zero in control arm);

however, three of the episodes occurred prior to
study NPH being given and were felt to be
related to the home insulin regimen.

Mean insulin added to usual dose per day in
the intervention group was significantly higher
than in the control group (46.6 vs. 17.4 U/day,
p\0.0001).

There was no difference in POC glucose
between the groups on the first day of the study,
but glucose level was significantly lower in the
intervention group on the last day of the study
(Table 2).

There was no difference in mean length of
stay between the two groups (5.21 vs. 5.23 days,
respectively, p = 0.989).

There was a significant correlation between
mean glucose and C-peptide (p = 0.009) but not
between glucose and BMI (p = 0.372) or glucose
and hemoglobin a1c (p = 0.648). There was no

Table 1 Baseline characteristics of patients in intervention and usual care group

Variables Usual care (n = 31) Intervention (n = 29) 95% CI for difference of mean p values

Age (years) 53.94 57.83 - 2.68 to 10.47 0.241

BMI (kg/m2) 35.08 37.26 - 2.88 to 7.24 0.392

GFR (30 mL/min/1.73 m2) 105.10 88.10 - 39.43 to 5.44 0.135

Creatinine (mg/dL) 0.92 1.03 - 0.08 to 0.305 0.251

ALT (U/L) 26.97 28.66 - 7.63 to 11.01 0.718

Hemoglobin a1c (%) 8.85 8.11 - 1.63 to 0.162 0.106

C-peptide (ng/mL) 6.10 5.70 - 2.38 to 1.58 0.688

Diabetes duration (years) 8.33 11.21 - 1.84 to 7.60 0.227

Admission glucose (mg/dL) 240.10 253.72 - 31.97 to 59.2 0.552

Indications for corticosteroid n (%)

Pulmonary 22 (71) 19 (65.5) N/A 0.313

Cancer 1 (3.2) 5 (17.2)

Autoimmune 6 (19.3) 4 (13.7)

Musculoskeletal 2 (6.4) 1 (3.4)

Type of corticosteroid n (%)

Prednisone 30 (96.7) 25 (86.2) N/A 0.138

Dexamethasone 1 (3.2) 4 (13)
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correlation between C-peptide and other base-
line characteristics including length of stay.

DISCUSSION

We demonstrated improvement in glycemic
control in hospitalized patients with diabetes
receiving corticosteroids using an NPH insulin-
based protocol. Patients who received NPH
insulin got significantly more added insulin per
day (47 vs 17 units) to counteract the glucose
effect of corticosteroids and the dosing was
appropriate for their weight, oral intake status,
and dose of corticosteroids.

Other studies which have evaluated NPH
insulin for corticosteroid-induced exacerbation
of diabetes have shown positive results. A pilot
study in patients receiving methylprednisolone

daily for cystic fibrosis with NPH dosing based
on corticosteroid dose alone showed improve-
ment in glucose levels [18]. Grommesh et al.
using a similar protocol that was not weight-
adjusted achieved significance in a subset of
patients, as a result of most patients enrolled
not having preexisting diabetes [15]. A report
from the Netherlands of add-on NPH insulin
compared to sliding scale in 26 diabetes patients
receiving cyclical chemotherapy showed an
increase in time-in-target for patients receiving
the NPH insulin without symptomatic hypo-
glycemia [19]. Two studies evaluated using
basal-bolus regimens for corticosteroid-treated
patients. Ruiz de Adana et al. studied 53 type 2
patients in a pulmonary ward who were
receiving multiple doses of intermediate-acting
steroids daily and compared NPH given three
times a day to once a day glargine in patients

Fig. 2 Mean POC glucose at fasting, pre-meals, and bedtime

Table 2 Difference in mean POC glucose between the groups on first and last day of the study period

Mean POC glucose (mg/dL) Control (n = 31) Intervention (n = 29) 95% CI for difference of mean p value

First day of study 280.85 246.91 - 67.98 to 0.11 0.051

Last day of study 253.47 197.27 - 92.25 to - 20.17 \ 0.01
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who were hospitalized for 8–10 days. Ruiz de
Adana et al. did not find a difference in glucose
control [20]. Burt et al. studied general medicine
patients taking prednisolone and found that
despite aggressive adjustment of basal-bolus
insulin they were not able to adequately control
the glucose levels in the afternoon and evening
[21]. More recently Lakhani et al. demonstrated
that a predetermined protocol-driven insulin
dosing regimen leads to significant improve-
ment in corticosteroid-induced hyperglycemia
at fasting, pre-meals, and bedtime [22]. Their
study protocol used three different insulins
(regular human insulin, NPH, and glargine) in
the intervention group depending upon the
type of corticosteroid used whereas our protocol
utilized only NPH insulin administered at the
time of corticosteroid dosing (daily, BID, or
TID). Our purpose in using NPH insulin was to
determine if a protocol utilizing a single insulin
type improves glycemic control equivalently
and hence can be integrated conveniently into
clinical practice. Moreover, in case of abrupt
discontinuation of corticosteroids, duration of
NPH insulin compared to glargine minimizes
the risk of hypoglycemia.

The NPH insulin protocol used in this study
considers key variables affecting patient’s glu-
cose level including dose and frequency of cor-
ticosteroids, patient’s caloric intake, and
patient’s weight, which were not utilized in
previous studies [15]. Moreover, we did not
restrict our study population to patients
receiving corticosteroids for specific etiologies,
which makes it more generalizable. Two-thirds
of study participants received corticosteroids for
pulmonary disease while the remainder were
treated for inflammatory disorders or cancer. In
our cohort, patients were not noted to be on
medications other than glucocorticoid with
significant influence on glucose metabolism.
Categorization of corticosteroids into high and
low dose offers a degree of individualization as
well as a way to reduce the insulin dosing
readily as the corticosteroid dose is tapered.
Most patients in this study had type 2 diabetes
mellitus and one-third were not on insulin as
outpatients. They were a diverse group with
preadmission insulin dosing ranging from 0 to
over 300 units/day, and were suboptimally

controlled as indicated by hemoglobin a1c of
about 8%. While hypoglycemic episodes were
more frequent in the intervention group, they
were mild, and occurred mainly in patients who
were having hypoglycemia on their home regi-
mens. The NPH insulin was administered with
the corticosteroid dose, improving safety when
corticosteroids are discontinued unexpectedly.
The protocol used in this study can also readily
be transitioned to the outpatient setting with
the patient using an NPH insulin pen and
adjusting the dose downward as corticosteroids
transition from high to low dose. The patients
were continued on their prior insulin regimen
in this study, which reduces dosing confusion
after the completion of corticosteroid
treatment.

Our sample size is relatively small owing to
the nature of the study and difficulty in patient
recruitment, yet it was adequately powered. A
considerable number of patients were excluded
from the analysis because of either early dis-
charge from the hospital and/or discontinua-
tion of corticosteroids within 48 h. Our study
was open label as blinding of patients and
investigators was difficult in an inpatient set-
ting. We used patients’ preexisting insulin reg-
imen as is the standard of care at our
institution, except for the addition of glargine
0.3 units/kg for patients with admission hemo-
globin a1c levels over 9%. Adjusting the out-
patient regimen to balance background insulin
to 50% of the total would have likely reduced
hypoglycemia. Moreover, considering recent
advancements in continuous glucose monitor-
ing (CGM) technologies, it would have been
beneficial especially in preventing hypo-
glycemia and severe hyperglycemia. Lastly,
increasing the NPH dosing daily for patients
with elevated pre-supper glucose levels would
probably have improved glucose results, and
should be considered in future protocol
modifications.

CONCLUSION

In hospitalized patients with diabetes receiving
corticosteroids, an NPH insulin-based protocol
adjusted to account for corticosteroid dose,
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frequency, patient’s weight, and oral intake can
improve glycemic control and prevent potential
hyperglycemia-related complications. Further
studies are needed to evaluate adjustment in
NPH insulin dosing for corticosteroid-induced
hyperglycemia in inpatient as well as outpatient
settings.
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