1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

"% NIH Public Access
@@‘ Author Manuscript

2 HEpst

NATIG,

O

Published in final edited form as:
Endocr Pract. 2012 ; 18(5): 712-719. doi:10.4158/EP11371.0R.

A RETROSPECTIVE STUDY COMPARING NEUTRAL
PROTAMINE HAGEDORN INSULIN WITH GLARGINE AS BASAL
THERAPY IN PREDNISONE-ASSOCIATED DIABETES MELLITUS
IN HOSPITALIZED PATIENTS

Subarna M. Dhital, MBBS?, Yoram Shenker, MD?, Melissa Meredith, MD?, and Dawn Belt
Davis, MD, PhD12

luniversity of Wisconsin School of Medicine and Public Health, Department of Medicine, Division
of Endocrinology, Diabetes, and Metabolism, Madison, Wisconsin

2william S. Middleton Memorial Veterans Hospital, Madison, Wisconsin

Abstract

Objective—To compare glycemic outcomes in hospitalized patients with or without type 2
diabetes mellitus receiving neutral protamine Hagedorn insulin (NPH) vs glargine as basal insulin
for management of glucocorticoid-associated hyperglycemia.

Methods—We conducted a retrospective review of electronic medical records in prednisone-
treated adult patients with hyperglycemia in a university hospital. Consecutive patients were
selected in both the NPH and glargine cohorts using inclusion and exclusion criteria. Baseline
characteristics were assessed in each cohort. Glycemic outcomes were analyzed by comparing
fasting blood glucose, mean daily blood glucose concentration, median daily blood glucose
concentration, and the number of hypoglycemic episodes on a prespecified index day.

Results—One hundred twenty patients were included: 60 patients in the NPH cohort and 60
patients in the glargine cohort. The weight-based insulin requirement was lower in the NPH cohort
than in the glargine cohort (0.27 £ 0.2 units/kg vs 0.34 £ 0.2 units/kg [P = .04] for basal insulin
and 0.26 + 0.2 units/kg vs 0.36 + 0.2 units/kg [~ =.03] for bolus insulin). NPH and glargine
cohorts were similar regarding age, sex, race, body mass index, hemoglobin Az, serum creatinine,
and prednisone dosage. Glycemic outcomes in the NPH cohort compared with outcomes in the
glargine cohort were similar regarding mean fasting blood glucose concentration (134 + 49 mg/dL
vs 139 + 54 mg/dL [P =.63]), mean daily blood glucose (167 + 46 mg/dL vs 165 + 52 mg/dL [P
=.79]), median blood glucose (160 + 49 mg/dL vs 159 + 57 mg/dL [~ =.90]), and number of
hypoglycemic episodes per day (0.12 £ 0.3 vs 0.10 £ 0.3 [P=.77]).

Conclusions—NPH and glargine appear to be equally effective as basal insulin in the
management of hyperglycemia in hospitalized patients receiving prednisone. However, the total
daily insulin doses used were lower in the NPH cohort.
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INTRODUCTION

The use of glucocorticoids is known to exacerbate or induce hyperglycemia in persons with
or without pre-existing diabetes mellitus (1). An increase in markers of insulin resistance
was demonstrated in healthy persons after a single dose of dexamethasone (2). In a large-
scale population study using an outpatient prescription database, the odds ratio for diabetes
was found to be 1.36 with 3 or more prescriptions of oral glucocorticoids (3). In the same
study, up to 2% of the incident cases of diabetes in the primary care population were
estimated to be associated with glucocorticoid use. Findings from a retrospective study of
hospitalized patients on a general medicine service in a university hospital indicated that
more than half of the patients without previous diabetes and 64% of all patients who
received high-dose glucocorticoid therapy experienced hyperglycemia (4). In patients
receiving transplants, in whom glucocorticoids are used commonly as immunosuppressants,
new-onset diabetes mellitus was documented in 15% to 20% of renal transplant recipients
and 15% of liver transplant recipients (5).

In hospitalized patients, hyperglycemia is associated with an increased risk of infections
after surgical procedures (6), increased mortality in patients with acute myocardial
infarctions (7), increased risk of complications in transplant recipients (8), and worsened
mortality in patients in the medical intensive care unit and patients who have had a stroke
(9). Hospitalized patients with diabetes have significantly higher hospitalization costs and
higher rates of diabetes-related hospital use (10). In one observational study, newly
discovered hyperglycemia was associated with a higher in-hospital mortality rate than
normoglycemia and known diabetes (11). These observations emphasize the importance of
hyperglycemia in the hospital settings.

There are limited studies on outcomes and management of glucocorticoid-associated
diabetes in the hospital settings. An observational study revealed a high prevalence of
hyperglycemia with a longer duration of hospital stay in patients with glucocorticoid-
associated hyperglycemia (4). Data supporting the benefits of glycemic control in the setting
of glucocorticoid use are also limited (12). There are no randomized controlled trials
evaluating different treatment regimens for glucocorticoid-associated hyperglycemia (1).
Published literature and method of practice are largely based on extrapolation of the
knowledge of the nature of hyperglycemia in glucocorticoid-induced diabetes and the
pharmacodynamics of the agents used (1). However, the approaches used to treat these
patients vary. In a survey of Chicago-area academic internists and subspecialists, opinions
varied regarding the choice of agents for new-onset diabetes due to glucocorticoid use (13)
and 78% perceived that there is a paucity of objective information about the management of
hyperglycemia in this setting.

Pharmacodynamic properties might suggest that neutral protamine Hagedorn (NPH) insulin
is a good choice for treatment of hyperglycemia due to oral prednisone and prednisolone,
with peak hyperglycemic effects at 4 to 8 hours and duration of action of approximately 12
to 16 hours, mirroring the activity of NPH (1). Insulin glargine is another commonly used
basal insulin with a different pharmacokinetic and pharmacodynamic profile; no peak effect
and up to 32 hours of action (14). The pharmacokinetics of insulin, however, are affected by
multiple variables (15), suggesting that in clinical practice there might be significant
interpatient and intrapatient variability. Therefore, it is important to directly compare
different insulin regimens in a clinical setting.

In this study, we retrospectively analyzed glycemic outcomes in hospitalized patients with
glucocorticoid-associated hyperglycemia taking prednisone, comparing the use of NPH
insulin with insulin glargine as the basal insulin.
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RESEARCH DESIGN AND METHODS

Study Design and Patient Selection

A retrospective review of electronic medical records was conducted in patients admitted to
the University of Wisconsin Hospital between January 1, 2010, and December 31, 2011.
Patients were selected in both the NPH and glargine cohorts using the inclusion and
exclusion criteria listed in Box 1. Because type 1 diabetes mellitus, which has absolute p-
cell deficiency, may respond differently to glucocorticoids than other forms of diabetes
characterized primarily by insulin resistance, we excluded patients with type 1 diabetes
mellitus. After the required 60 patients were selected sequentially in each cohort during the
given time frame, patient selection was truncated. The baseline characteristics of each cohort
were collected. The most recent glycated hemoglobin A;. measurement available within the
preceding 3 months was recorded. We defined the index day as the day before hospital
discharge in patients taking prednisone at discharge, or as the last day of prednisone use in
those who discontinued prednisone before hospital discharge. We selected this date for
gathering outcomes because we anticipated that insulin dose titration and overall clinical
stability would be at its best before discharge. Two days before the index day was selected
as a reference point to record the serum creatinine concentration and the prednisone dosage
to minimize the possible effects that fluctuation in renal function or marked changes in
prednisone dosage in the preceding days might have on the glycemic control on the index
day and to allow a uniform time for comparison between the 2 cohorts (Fig. 1). The amounts
of NPH insulin, insulin glargine, and short-acting insulin (aspart and regular) used on the
index day were recorded as units/kg body weight. Glycemic outcomes analyzed were fasting
blood glucose, mean daily blood glucose, median blood glucose, and number of
hypoglycemic episodes per day.

Box 1

Study Inclusion and Exclusion Criteria

Inclusion criteria
Age >18 years
Oral prednisone use during the index day and 2 days preceding it
Discharge diagnosis of diabetes or hyperglycemia (ICD-9 codes 249, 250, or 790.29)
Use of NPH or glargine
Exclusion criteria
Blood glucose readings <2 per day
Duration of prednisone use <3 days
Prednisone dosage <10 mg daily
Type 1 diabetes mellitus (identified by discharge ICD-9 codes and medical records review)
Duration of hospital stay <3 days
Serum creatinine =3 mg/dL

Clinically relevant hepatic disease

Abbreviations: ICD-9, /nternational Classification of Diseases, Ninth Revisiorn, NPH, neutral protamine
Hagedorn.

Glycemic Outcomes

All serum and capillary blood glucose readings obtained and recorded in the electronic
medical record between midnight and 11:59 PM on the index day were used to analyze
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glycemic outcomes. Fasting blood glucose was identified as the first morning blood glucose
of the day in patients without continuous tube feeding or parenteral nutrition. Hypoglycemia
was defined as any blood glucose measurement less than 70 mg/dL and was reported as the
number of hypoglycemic episodes on the index day. Mean and median daily blood glucose
levels were calculated on the index day.

Statistical Analyses

RESULTS

To calculate required sample size, we predicted a difference in glycemic outcomes of 27 mg/
dL based on the difference seen between 4-times-a-day regular insulin supplemental scale
and basal-bolus regimen in the RABBIT-2 trial (16) that was done in an inpatient setting.
Because no reliable randomized controlled trial has been conducted comparing NPH with
glargine in hospitalized patients, we resorted to this study with different insulin groups.
However, the outcome difference is comparable to a net difference of 37 mg/dL in fasting
plasma glucose observed between NPH and glargine in a meta-analysis of randomized
controlled trials involving patients with type 2 diabetes in outpatient settings (17),
supporting the reliability of this choice. To detect this difference between the NPH and the
glargine cohorts, with a power of 90%, we required a sample size of 59 in each group. The
outcomes are expressed as mean + standard deviation or as the median value on the index
day. The cohorts were compared using an unpaired ftest (with the Welch correction when
variances were unequal). A Pvalue less than .05 was considered significant. All statistical
analyses were performed using GraphPad Prism, version 5.04 for Windows (GraphPad
Software, La Jolla, California).

The University of Wisconsin-Madison Health Sciences Institutional Review Board approved
this study.

Overall, we observed minimal differences between the baseline characteristics of the
patients in the 2 cohorts. Patients in the NPH and glargine cohorts were similar regarding the
demographic characteristics of age, sex, race, and body mass index (Table 1). Median time
to index day from the date of admission was 7 days (range, 3 to 59 days) for the NPH cohort
vs 7.5 days (range, 3 to 42 days) for the glargine cohort. Overall baseline glycemic control
was similar as indicated by a mean hemoglobin Ay value of 7.2 £ 1.5% vs 6.8 = 1.1% (P=.
15). There was no difference in serum creatinine recorded 2 days before the index day (1.5 +
0.6 mg/dL vs 1.5 + 0.6 mg/dL; P=.94). Both of the cohorts were taking high-dosage
prednisone: 31 = 26 mg daily in the NPH cohort compared with 31 + 23 mg daily in the
glargine cohort (P = .89) with pronounced but similar variability as indicated by high
standard deviations (Fig. 2). Most of the patients had been taking glucocorticoids before
hospital admission, with no difference between the 2 cohorts (65% vs 60%; P = .57).

There were some differences in the underlying disease states between the groups. The
glargine cohort had significantly more patients with other types of diabetes mellitus than the
NPH cohort (P=.02). These were cystic fibrosis — or pancreatitis-associated diabetes
mellitus. Disease states for which prednisone was indicated were similar in the 2 cohorts.

The weight-based dosage of basal insulin was significantly different between the 2 cohorts.
The NPH cohort received 0.27 + 0.2 units/kg of NPH insulin, while the glargine cohort
received 0.34 + 0.2 units/kg of insulin glargine. The rapid- or short-acting insulin dosage
was also lower in the NPH cohort than in the glargine cohort (0.26 + 0.2 units/kg vs 0.36 +
0.2 units/kg). The proportion of basal to bolus insulin was approximately 1:1 in each of the
cohorts (Table 2).
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The overall glycemic outcomes in the NPH cohort vs the glargine cohort were similar (Table
3, FFig. 3). Mean fasting blood glucose was not significantly different between cohorts (134
+ 49 mg/dL vs 139 + 54 mg/dL, = .63). To have a better picture of overall glycemic control,
we also examined all the blood glucose measurements on a single index day. The overall
mean blood glucose value on the index day was not different between the 2 cohorts (167 +
46 mg/dL vs 165 + 52 mg/dL, P=.79). To avoid effects of outlier blood glucose readings
causing shifts in the mean, we also examined the median blood glucose on the index day.
There was also no difference in median blood glucose with values of 160 + 49 mg/dL vs 159
+ 57 mg/dL (P =.90). The number of hypoglycemia episodes on the index day was also not
different between the 2 cohorts (0.12 + 0.3 vs 0.10 £ 0.3; P=.77).

DISCUSSION

There is a paucity of information regarding the proper choice of agents for the management
of glucocorticoid-associated hyperglycemia in hospitalized patients. In this retrospective
study, 60 patients receiving NPH insulin were compared with 60 patients receiving glargine
as basal insulin during prednisone administration.

There are many factors that may influence the decision about what type of insulin to use for
treating glucocorticoid-associated hyperglycemia. Most patients in both the cohorts were
cared for by an inpatient diabetes management service that tends to have a uniform
management style. One typical approach used by this team is to use twice-daily NPH insulin
with twice-daily oral prednisone. The fact that the pharmacokinetic profile of prednisone
parallels that of NPH is a primary argument for its use in patients with glucocorticoid-
associated diabetes on prednisone (1). Patients with preexisting diabetes are often
maintained on the same type of insulin used before hospital admission. In this type of
retrospective study, we are unable to evaluate the decision-making process that led to the
choice of insulin therapy in these patients, but we can analyze the outcomes associated with
that choice.

In this study, blood glucose values achieved were within the goal ranges of less than 140
mg/dL for fasting and less than 180 mg/dL for random blood glucose measurements that
major guidelines recommend for hospitalized patients in general medical wards (18,19). We
found that control of hyperglycemia was similar in the NPH and the glargine cohorts,
suggesting that both regimens are able to achieve glycemic targets. A notable difference,
however, was the dosage of insulin required. The weight-based dose of glargine was
comparable to doses used in patients with type 2 diabetes during “treat-to-target” studies
(20,21), but the dose of NPH was significantly lower. Our results suggest that to achieve
similar glycemic control in prednisone-treated patients, a higher dose of glargine and rapid-
acting insulin is required than in NPH and rapid- or short-acting insulin regimens. The fact
that the bolus insulin dosing is also different is not really surprising, since we would predict
that NPH is also giving some “meal coverage” while glargine is not. This makes the
difference in NPH dosing even more striking. The proportion of basal to bolus requirements
were nearly 1:1 as recommended for glycemic management in other settings. The number of
hypoglycemic episodes per day was also not different between the 2 cohorts, in contrast to
the findings in studies of patients not taking glucocorticoids that demonstrate more
hypoglycemic episodes in patients on NPH than in patients on glargine (17,22). This might
indicate a different glycemic profile in patients on high-dose glucocorticoids, which make
either NPH or glargine equally effective.

As mentioned in the preceding text, there is a concept that NPH insulin better matches the
pharmacokinetic profile of prednisone, and should be used in patients on this type of
glucocorticoid. Our results suggest that although the pharmacokinetic profiles of prednisone
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and NPH match more closely, a similar glycemic outcome is achieved by both NPH insulin
and glargine basal-bolus regimen at the cost of higher insulin doses when using a glargine-
based regimen.

Although most patients in our study had type 2 diabetes mellitus and glucocorticoid-induced
diabetes mellitus, there was a significant difference in the number of patients in the 2
cohorts with other types of diabetes. This category included patients with cystic fibrosis —
and pancreatitis-associated diabetes. In a separate analysis excluding these patients, there
was no difference in glycemic outcomes, thus suggesting that this difference does not have a
significant influence on the overall outcomes of this study.

Our study population is somewhat unique in that it contained a large percentage of
transplant recipients, primarily renal transplant. This may have some impact on the overall
glycemic outcomes, as multiple factors besides glucocorticoid use, such as the use of
calcineurin inhibitors for immunosuppression, are known to be associated with
posttransplant hyperglycemia (8). It is reasonable to question whether our results are broadly
translatable to all hospitalized patients on high-dosage glucocorticoid therapy, but the results
are likely to be highly relevant to hospitals caring for transplant recipients with diabetes.

CONCLUSION

In conclusion, NPH insulin and insulin glargine appear to be equally effective in the
management of inpatient hyperglycemia associated with prednisone use. However, the NPH
insulin—-based regimen appears to achieve the same goals with a lower dosage of insulin.
NPH insulin is also less expensive than insulin glargine; therefore, NPH insulin-based
therapy is likely to be more cost-effective in the hospital care of this select patient
population. Our study is limited by the fact that it is a retrospective study performed in a
relatively unique population, with most patients being transplant recipients, in a tertiary care
center with a dedicated inpatient diabetes management team. To fully explore the
differences between these 2 regimens, a prospective randomized controlled clinical trial will
be necessary in a larger population.
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Fig. 1.

Definition of index day for data collection.

Endocr Pract. Author manuscript; available in PMC 2013 September 01.

Page 8



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Dhital et al.

Page 9

150+
S 100- .
o
o . .
§ 50- . -
E esecece unn
c L] L J
X )
& S
c’\’b
Fig. 2.

Total daily prednisone dose in patients receiving neutral protamine Hagedorn (NPH) insulin
(n = 60) or insulin glargine (n = 60) as basal insulin in a retrospective study of

glucocorticoid-associated hyperglycemia.
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Glycemic outcomes in patients receiving neutral protamine Hagedorn (NPH) insulin (n =
60) or insulin glargine (n = 60) as basal insulin in a retrospective study of glucocorticoid-
associated hyperglycemia. Panel A, Mean fasting blood glucose concentration. Panel B,
Mean daily blood glucose concentration. Pane/ C, Median daily blood glucose
concentration. Panel D, Mean number of hypoglycemic episodes per day. Error bars

represent standard deviation.
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Table 1
Baseline Characteristics of Patients in the Neutral Protamine Hagedorn Cohort and the Insulin Glargine
Cohort
Characteristics NPH cohort (n=60) | Insulin glarginecohort (n=60) | Pvalue?
Age, mean (+SD), y 58 (+15) 58 (+13) .84
Sex, No. (%) >.99
Male 36 (60) 36 (60)
Female 24 (40) 24 (40)
Race, No. (%) 79
White 51 (85) 52 (87)
Other 9 (15) 8 (13)
Type of diabetes, No. (%)
Type 2 diabetes 30 (50) 31 (52) .86
Glucocorticoid-induced diabetes 29 (48) 21 (35) 14
Other 1(2) 8 (13) 02
Body mass index, mean (+SD), kg/m? 29.8 (£7) 30.9 (+9) 46
Hemoglobin Ay, mean (+SD), % 7.2 (£1.5) 6.8 (£1.1) 15
Serum creatinine, mean (+SD), mg/dL 1.5 (x0.6) 1.5 (+0.6) .94
Prednisone dosage, mean (+SD), mg daily 31 (£26) 31 (+23) .89
Indications for glucocorticoid use, No. (%)
Renal transplant 26 (43) 22 (37) .46
Pulmonary disease 15 (25) 24 (40) .08
Other 19 (32) 14 (23) 31
On glucocorticoids before admission, No. (%) 39 (65) 36 (60) .57
No. of fingerstick blood glucose readings per day, mean (+SD) 4.5 (£0.9) 4.4 (£1.0) 71
Managed by Diabetes Management Service, No. (%) 43 (72) 43 (72) >.99

Abbreviations: NPH, neutral protamine Hagedorn; SD, standard deviation.

a . . . . .
Pvalues were determined by unpaired #test (with the Welch correction when variances were unequal).
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Table 2

Total Daily Insulin Dose in Patients Receiving Neutral Protamine Hagedorn Insulin or Insulin Glargine?

Categories NPH cohort (n =60) | Insulin glarginecohort (n=60) | P value?
Basal insulin, units/kg 0.27 (£0.2) 0.34 (£0.2) .04
Bolus insulin, units/kg 0.26 (£0.2) 0.36 (£0.2) .03

a -
Data are presented as mean (tstandard deviation).

b . . . . .
Analysis by unpaired ftest (with the Welch correction when variances were unequal).
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Glycemic Outcomes in Patients Receiving Neutral Protamine Hagedorn Insulin or Insulin Glargine?

Table 3

Categories NPH cohort (n =60) | Insulin glarginecohort (n=60) | Pval ued
Fasting blood glucose, mg/dL 134 (+49) 139 (+54) .63
Mean daily blood glucose, mg/dL 167 (+46) 165 (£52) .79
Median dialy blood glucose, mg/dL 160 (+49) 159 (£57) .90
No. of hypoglycemic episodes per day 0.12 (+0.3) 0.10 (£0.3) 77

a -
Data are presented as mean (tstandard deviation).

b . . . . .
Analysis by unpaired ftest (with the Welch correction when variances were unequal).
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