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ABSTRACT

Background: Hyperglycemia in hospitalized patients is associated with poor clinical outcomes. Scheduled Subcutane-
ous Insulin therapy has been recommended for better glycemic control. Aims: To compare efficacy and safety of tradi-
tional sliding scale insulin (SSI) versus modified 70/30 insulin versus basal plus supplemental scale (SS) insulin regi-
mens for glycemic control of inpatients with diabetes. Methods: In a prospective trial, 62 patients with diabetes were
randomized to receive either hospital SSI (N = 22), or twice daily 70/30 insulin plus supplemental lunchtime insulin for
BG > 150 mg/dL. (N = 21) or once every night glargine plus prandial glulisine for BG > 150 mg/dL (N = 19). 70/30
insulin and glargine were started respectively at 0.4 and 0.2 U/kg/day for BG < 200 mg/dL or 0.5 and 0.3 U/kg/day for
BG above 200 mg/dL. Results: Starting at BG level of 204 + 68, 200 + 50 and 241 + 94 mg/dL in SSI, 70/30 insulin
and glargine/glulisine groups respectively, (F(2,35.47) = 1.467, p = 0.244, Welch test), mean daily BG after first day of
hospitalization was statistically significant (F(2,35.58) = 7.043, p = 0.003, Welch test) lower in 70/30 insulin group
(171 + 38 mg/dL) compared to (218 = 71 mg/dL) in SSI group (p = 0.026) and (225 + 65 mg/dL) in glargine/glulisine
group (p = 0.01). Conclusions: With poorly educated nursing staff, basal plus SS insulin failed to provide adequate
glycemic control. However, tailored 70/30 insulin regimen resulted in statistically significant glycemic control com-
pared to traditional SSI.
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1. Introduction hospitalized patients, blood glucose control continues to
be deficient and is frequently overlooked in general me-
dicine and surgery services [5].

Traditional sliding scale insulin (SSI) as sole regimen
is no more recommended [8,9]. This reactive approach is
not based on physiologic principles of glucose regulation

Diabetes Mellitus (DM) is a major, emerging clinical and
public health problem in Egypt and worldwide. Based on
1985 WHO diagnostic criteria for diabetes and the stu-
dies being conducted in Egypt in 1995 [1], the preva-
lence of DM adjusted to world population was 11.4% in

2010 and estimated to be 13.7% in 2030 [2]. By the year (101, Whe're it treats hyp err‘;’lyc?mia after it has alirea(%y
2025, it is estimated that 13.3% of the population 20 occurred instead of preventing its occurrence, leading in
turn to rapid changes in blood glucose levels, exacer-

bating both hyperglycemia and hypoglycemia, and can
lead to iatrogenic diabetic ketoacidosis (DKA) [7,11].
Insulin 70/30 is a combination product consisting of
30% regular insulin and 70% isophane NPH insulin. The
soluble component, when injected 30 minutes before a
meal, aims to lower postprandial glucose excursions,
while NPH provides basal insulin coverage for both
“Corresponding author. breakfast and dinner. Together, they should provide in-

years of age will have diabetes [3].

Patients with DM have a threefold greater chance of
hospitalization compared to those without DM [4]. The
management of DM in hospitals is generally considered
secondary in importance when compared to the condition
that prompted admission [5-7]. Despite the increasing
body of evidence to support the tight glycemic control in

Copyright © 2013 SciRes. PP



Comparison on Efficacy and Safety of Three Inpatient Insulin Regimens for 557
Management of Non-Critical Patients with Type 2 Diabetes

sulin coverage for existing hyperglycemia, as well as any
subsequent hyperglycemia [12].

The combination of a long-acting basal insulin such as
glargine, or detemir with a rapid-acting prandial insulin
such as aspart, lispro or glulisine has been recommended
as a more physiological approach to glucose control in
the hospital than SSI [7,13-15] .

Although Scheduled Subcutaneous Insulin therapy
(SCI) has been recommended for better glycemic control
in hospitals [16], SSI regimens continue to be used by
many clinicians in the Egyptian’s hospitals and this often
results in undesirable outcomes. A better controlling tool
for DM is clearly needed.

Accordingly, the aim of this study was to compare the
efficacy and safety of traditional SSI to modified tailored
70/30 insulin to basal plus SS insulin regimen for glyce-
mic control in hospitalized patients with type 2 DM.

2. Methods
2.1. Patients

63 non-surgical patients with a known history of type 2
DM for longer than 3 months admitted to general medi-
cine wards were recruited. Further inclusion criteria
included, age between 18 - 64 year old, treatment with
diet alone, any combination of oral antidiabetic agents
and/or insulin before admission. Exclusion criteria in-
cluded subjects with hyperglycemia without any known
history of DM, presence of diabetic ketoacidosis (DKA),
patients admitted to intensive care unit (ICU), subjects
expected to undergo surgery during the hospitalization
course, patients with clinically relevant hepatic disease,
impaired renal function (serum creatinine >3.0 mg/dL),
systemic infections or pregnancy. Also, patients on medi-
cations known to interfere with the blood glucose level
(either increasing or decreasing) were excluded from the
study.

All patients were recruited from the department of in-
ternal medicine, Cairo University teaching hospitals, Cai-
ro, Egypt. All patients were screened for their demogra-
phic and baseline clinical characteristics before conduc-
ting the study.

2.2. Study Design

This was a prospective, open-label parallel, randomized
study in which all oral anti-diabetic agents were discon-
tinued on admission and selected patients were randomly
allocated to receive one of three regimens: either tradi-
tional hospital sliding scale insulin (SSI) protocol or to
receive 70/30 insulin (Mixtard® 70/30) regimen twice
daily plus supplemental regular insulin at lunch time or
to receive once every night (glargine (lantus®™) plus three
times supplemental glulisine (apidra®) before each meal.
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Insulin management was directed by the hospital specific
designed protocol and was carried out daily by members
of the internal medicine residency-training program. Gly-
cosylated hemoglobin (HbA1C) was measured on the
first day of hospitalization. The primary admission ill-
nesses and preadmission DM treatments have been re-
corded. No follow-up visit after discharge was included
in the study design.

Modified basal/bolus regimen and split-mixed insulin
protocols adopted in Umpierrez et al., studies [14,17]
were applied to patients treated with glargine/glulisine
and 70/30 insulin respectively as detailed in Table 1. For
SSI group, regular insulin was administered three times
daily subcutaneously approximately 30 min before meal
for BG > 150 mg/dL (or every 8 hours if a patient was
not eating) according to Table 2.

The results of BG values were presented as pre-meal
glucose and mean daily BG during the hospital stay from
the day of admission. The primary outcome of the study
was to determine differences in glycemic control be-
tween treatment groups as measured by mean daily BG
concentration during their hospital stay. Secondary
outcomes included number of hypoglycemic events,
number of episodes of severe hyperglycemia, length of
hospital stay (LOS), and mortality rate. Hypoglycemic
episodes were classified as major (BG < 40 mg/dL or
associated with impaired mental status or loss of
consciousness), or minor (BG between 40 and 59 mg/dL)
events. Hyperglycemic events were defined as BG > 300
mg/dL.

2.3. Statistical Analysis

Statistical analysis was performed using the SPSS sof-
tware package version 16. Statistical significance was de-
fined as p < 0.05. For continuous variables, one way ana-
lysis of variance (ANOVA) followed by Tukey-Post hoc
or Welch test followed by Games Howell-Post hoc was
performed, while the Chi square test or Fisher's exact test
was used for qualitative variables.

3. Results

A total of 63 patients with Type 2 DM admitted to gene-
ral medicine services were recruited. In this study, the
patients were randomly assigned to receive either hos-
pital SSI (N = 22), or 70/30 insulin (N = 21) or glar-
gine/glulisine insulin (N = 20). One patient in the glar-
gine/glulisine group was excluded due to the develop-
ment of DKA. There were no significant differences in
demographic and clinical characteristics of study patients
on admission (Table 3). The most common admitting ill-
nesses included a variety of cerebrovascular (45.2%),
cardiovascular (11.3%), gastroin-testinal (8.1%), pul-
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Table 1. Modified Insulin Regimens applied to subjects treated with glargine/gluisine and Premixed 70/30 insulin.

1. Glargine plus supplemental glulisine regimen

1.1. Basal insulin: glargine

1. Patients treated with diet or oral agents before admission:

* Hold oral antidiabetic drugs on admission.

» Starting glargine insulin dose:

0.2 U/kg/day for admission BG <200 mg/dL

0.3 U/kg/day for BG exceeding 200 mg/dL

2. Patients treated with insulin before admission:

* Glargine/glulisine treated patients should be started at half amount of the total outpatient insulin dose as glargine.
* Premixed 70/30 insulin treated patients should be started at half amount of the total outpatient insulin dose as glargine.
* Conversion unit glargine-per-unit 70/30 insulin.

* In both cases: give glargine once daily in the evening around 8:00 pm.

1.2. Supplemental insulin: glulisine

* Give glulisine three times before each meal for BG > 150 mg/dL according to scale provided in Table 2.
Hold glulisine if a patient is not able to eat to prevent hypoglycemia.

2. Premixed 70/30 insulin plus supplemental lunchtime regular insulin regimen

2.1. Premixed 70/30 insulin
1. Patients treated with diet or oral agents before admission:

* Hold oral antidiabetic drugs on admission.

« Starting Premixed 70/30 insulin dose:

0.2 U/kg/day for admission BG < 200 mg/dL

0.4 U/kg/day for BG exceeding 200 mg/dL

2. Patients treated with insulin before admission:

* Premixed 70/30 insulin treated patients should be started at the same outpatient insulin dose and schedule.
* In both cases: give two thirds of total daily dose (TDD) before breakfast and 1/3 of TDD before dinner.
2.2. Supplemental insulin: regular insulin

* Give regular insulin before lunch for BG > 150 mg/dL according to scale provided in Table 2.

Hold regular insulin if a patient is not able to eat to prevent hypoglycemia.

3. Insulin adjustment

« If fasting and premeal blood glucose is <150 mg/dl (in the absence of hypoglycemia): no change

« If fasting and premeal blood glucose is between 150 and 180 mg/dl (in the absence of hypoglycemia): increase the
TDD of 70/30 insulin or glargine by 10% every day.

« If fasting and premeal blood glucose is >180 mg/dl (in the absence of hypoglycemia): increase the TDD of 70/30 insulin or glargine dose by 20%
« If a patient develops hypoglycemia (<60 mg/dl): decrease the TDD of 70/30 insulin or glargine insulin dose by 20%.
* The distribution of 70/30 insulin doses followed the 2/3 AM and 1/3 PM scheme.

4. Blood glucose monitoring

Blood glucose will be measured before each meal (i.e. before breakfast, before lunch and before dinner) or every 8
hours if the patient was not eating using the same hospital point of care glucose meter.

In addition, blood glucose will be measured at any time if a patient experiences symptoms of hypoglycemia or if requested by the treating physician.

Table 2. Insulin Dosing Scale based on BG levels as being used by Kasr EI-Aini Teaching Hospitals, Cairo, Egypt.

BG (mg/dL) <150 151 - 200 201 - 250 251 - 300 301 - 350 351 - 400 >400"

Insulin (IU) No 5 10 15 20 25 30

"Call the internal medicine resident, BG: Blood Glucose.

monary (4.8%), infectious (3.2%), and other disorders 3.1. Efficacy (Primary) Outcomes

(27.4%). There was no significant difference among rea- ) )

sons leads to hospital admission between the three trea-  Starting at BG level prior to treatment of 204 + 68 mg/dL
ted groups (p = 0.163). in SSI, 200 £ 50 mg/dL in 70/30 insulin and 241 + 94
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Table 3. Characteristics of study subjects on admission.

Parameter SSI protocol N = 22 70/30 ir;ju:lirzl 1regimen Glarfiz?féglgir:le ir;sulin P
Age (yr) = SD 55+7 55+7 54+11 Ns*
Range (years) 37 - 64 45 - 64 23 -64
Gender (No. of males (%)) 7 (31.8%) 9 (42.9%) 5(26.3%) Ns*
Body weight (kg) = SD 73+ 12 78 £20 75+11 NS*
Range (Kg) 45-95 46 - 126 50 - 102 kg
Body mass index (kg/m?) = SD 315 31+7 31+6 Ns*
Range (kg/m’) 17-41 17 -47 25-425
Diabetes treatment prior to admission, N (%)
Insulin 12 (54.5%) 11 (52.4%) 12 (63.2%) Ns¥
Insulin plus oral antidiabetic agents 0 (0%) 1(4.8%) 1 (5.3%) NS*
Oral antidiabetic agent as monotherapy 8 (36.4%) 8 (38.1%) 3 (15.8%) NS¥
Multiple oral antidiabetic agents 2 (9.1%) 0 (0%) 3 (15.8%) NS¥
No pharmacological agent 0 (0%) 1 (4.8%) 0 (0%) Ns¥
BG on admission (mg/dL) + SD 253 £ 68 240 + 49 262 +90 NS*
Range (mg/dL) 131 - 440 159 - 330 121 - 410
BG prior treatment (mg/dL) + SD 204 £ 68 200 £ 50 241+ 94 NSs
Range (mg/dL) 92-336 129 - 352 108 - 410
Hemoglobin A1C (%)+ SD 8.8+2.6 94+£23 9.1+£3.0 NSy
Range % 55-133 54-13.4 4.6-143
Creatinine (mg/dL) + SD 1.2+ 0.60 0.98 +£0.35 1.19+0.61 NS®
Range (mg/dL) 0.60 - 2.50 0.57-2.10 0.64 - 2.86
Admitting illnesses, N (%)
Cerebrovascular 10 (45.5%) 12 (57.1%) 6(31.6%) Ns¥
Cardiovascular 4 (18.2%) 1 (4.8%) 2 (10.5%) Ns¥
Gastrointestinal 3 (13.6%) 1 (4.8%) 1(5.3%) NSy
Pulmonary 0 (0%) 2(9.5%) 1(5.3%) Ns¥
Infectious 0 (0%) 2(9.5%) 0 (0%) Ns¥
Others 5(22.7%) 3 (14.3%) 9 (52.9%) Ns¥

Data are presented as mean = SD, SD: Standard Deviation, ‘Level of significance at p < 0.05, NS: Non-Significant, “Analysis of Variance (ANOVA) test at p <
0.05, $Welch test at p <0.05, YFisher’s Exact test at p < 0.05, BG: Blood Glucose, Normal value of Creatinine is 0.6 - 1.3 mg/dL.

mg/dL in glargine/glulisine (F (2,35.47) = 1.467 p =
0.244), Welch F test). There was a statistically significant
difference in glycemic control after day 1 of hospitali-
zation between treated groups (F (2,35.58) = 7.043, p =
0.003, Welch F test). The mean daily BG level after the
first day of hospitalization was significantly lower in the
70/30 insulin group (171 + 38 mg/dL) compared to 218 +
71 mg/dL in the SSI group (p = 0.026) and 225 + 65
mg/dL in the glargine/glulisine group (p = 0.01). There

Copyright © 2013 SciRes.

was no statistically significantly difference between the
SSI group and glargine/glulisine group (p = 0.947). BG
level of patients in SSI group continued to rise through
their hospital stay while there was fluctuation in glargine/
glulisine group (Figure 1).

Although 70/30 insulin group showed lower mean
morning BG level (180 £+ 52 mg/dL) versus (194 + 76
and 205 + 69 mg/dL) in glargine/glulisine group and SSI
group respectively. There was no statistically significant
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Figure 1. The Relationship between different type of insulin
regimens and BG level after first day of hospitalization
(Welch, * Significant, p = 0.003).

difference in mean morning BG level between treated
groups (F (2, 59) =0.772, p = 0.46).

A significantly (F (2,59) = 3.7, p = 0.031) lower mean
total daily BG level during entire hospital stay of 179 +
36 mg/dL was observed in 70/30 insulin compared to 222
+ 67 mg/dL in the SSI group (p = 0.049).

To ensure glycemic control before discharge, the mean
BG levels were compared during the last day of hospita-
lization between treated groups (F (2,59) = 3.69, p =
0.031). A significantly lower BG level of 168 + 38
mg/dL was observed in 70/30 insulin group compared to
220 + 76 mg/dL in SSI group (p = 0.025).

3.2. Safety (Secondary) Outcomes

There was a statistically significant difference in the
mean length of stay (LOS) between treated groups (F
(2,59) = 4.7, p = 0.013). LOS was statistically signifi-
cantly shorter (4 + 1.6 day) in patients treated with 70/30
insulin compared to (6 + 2.5 day) those received the SSI
therapy (p = 0.011). There was neither statistically signi-
ficant difference in LOS between 70/30 insulin and glar-
gine/glulisine group (5.4 £ 2.5 day, p = 0.11) nor be-
tween SSI group and glargine/glulisine group (p = 0.66)
(Figure 2).

Although about one fourth (10 £ 7 IU) of total daily
(glargine/glulisine) doses were missed, a significantly (F
(2,59) ="7.82, p=0.01) higher dose was administrated in
subjects of the glargine/glulisine group (45 + 18 IU)
compared to that administrated (26 = 14 IU) in SSI group
(p = 0.001). There was neither statistically significant
difference in mean total insulin dose between 70/30
insulin and glargine/glulisine group (34 + 13 IU, p =
0.073) nor between 70/30 insulin and SSI group (p =
0.201).

About 80% of total daily missed (glargine/glulisine)
was attributed to missed glargine dose which represented
8 + 7 TU while daily glulisine missed doses 1 + 2 TU.

Copyright © 2013 SciRes.

This resulted in Unequal distribution between glargine
and glulisine dose where, the mean daily glulisine dose
was (28 + 16 IU) represented approximately 2/3 of total
glargine/glulisine dose while the mean daily glargine
dose was only 17 =9 TU (Figure 3). The mean total daily
missed insulin doses were (2 + 2) and (2 =+ 3) IU in SSI
and 70/30 insulin respectively. Fifteen patients (79%) of
(glargine/glulisine) group missed at least one glargine
dose during their hospital stay.

There were no episodes of hypoglycemia recorded in
the 70/30 insulin group. Only a single patient in SSI group
experienced eight hypoglycemic events (BG between 40
and 59 mg/dL). In glargine/glulisine, two cases expe-
rienced major hypoglycemic episode of BG < 40 mg/dL.
One of them experience two episodes hypoglcemia while
the other had only one episode. Three patients expe-
rienced hypoglycemic events of BG be- tween 40 and 59
mg/dL and were not associated with adverse outcomes.
Hyperglycemia defined as BG > 300 mg/dL, occurred at
least one time in 15 patients (68.2%) in SSI insulin group
versus 10 patients (52.6%) in glargine/glulisine group
and four patients (19%) in 70/30 insulin group (p =
0.005). No deaths were reported in any of the three
treated. Summary of highlighted finding results (Table
4)
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Figure 2. The relationship between different type of insulin
regimens and LOS (ANOVA, “Significant, p = 0.013).

Figure 3. Distribution of glargine and glulisine in total daily
(glargine/glulisine) dose.
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Table 4. Effect of Different insulin regimens on LOS, Total insulin units and Mean BG levels measured at various time.

Parameter SSIN =22 70/30 insulin N = 21 Glargine/glulisine N = 19 Level of significance
BG after Day1 (mg/dL) 218+ 71 171 +38 225+ 65 0.003"
LOS (days) 6+2.57 4+1.62 5.42+2.54 0.013"
Mean total BG (mg/dL) 222+ 67 179 £ 36 221 £ 67 0.031*
BG last day (mg/dL) 220+ 76 168 + 38 202 =70 0.031*
Morning BG (mg/dL) 205 + 69 180 +52 194 +76 0.467*
Mean Total insulin units (IU) 26+ 14 34+ 14 45+ 18 0.001*

Data are presented as mean + SD, SD: Standard Deviation, “Welch test, LOS: Length of Stay, “ANOVA test at level of significance < 0.05, BG: Blood Glucose.

4. Discussion

Evidence from observational and interventional studies
indicated that, hyperglycemia occurring during hospita-
lization (HDH) in critical and noncritical illness was as-
sociated with an increased risk of complications and
mortality [5,7,18,19].

In the present study, glulisine doses were given before
each meal according to sliding scale based on premeal
BG level rather than three fixed doses with additional
supplemental doses as shown in Umpierrez et al., study
[14]. This modification gave the investigators great flexi-
bility on selecting the most appropriate gluisine doses
from first time without the need for dose correction and
thought to minimize confusion among nursing staff. Al-
though SSI doses illustrated in the present study seem to
be somehow aggressive scale, which has not been su-
fficiently tested in the literature, it represents a com-
monly used sliding scale in both governmental and pri-
vate hospitals in Egypt. Although the glycemic target in
majority of non-critical care setting is to maintain pre-
meal BG level below 140 mg/dL [9], this aggressive
scale provides no prandial coverage when BG values are
under 150 mg/dl. This is acceptable with respect to the
risk of hypoglycemia [9]

Modified tailored 70/30 insulin regimens including
twice-daily premixed insulin plus supplemental lunch in-
sulin resulted in a significant improvement in glycemic
control throughout the hospital stay. Starting at a similar
BG concentration, the mean BG level after the first day
of hospital stay was significantly lower in the 70/30 in-
sulin group compared to the other regimens. This finding
supports the better glycemic control reported in Schoeff-
ler et al., pilot study utilizing 70/30 insulin versus SSI
[20] and goes along with Liebl et al., [21] who showed
that, twice daily injections of premixed insulin were
comparable to intensive insulin treatment in insulin naive
subjects. Glycemic control with glargine/glulisine was
comparable with SSI which opposes Umpierrez et al.,
finding [14] who reported better glycemic control achiev-
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ed with basal/bolus insulin than with SSI alone. Our
finding opposes recommendations on utilizing SCI as a
more physiological approach to control blood glucose in
hospitals [16].

Because of the inadequate duration of action of NPH
insulin and the undesirable peak activity at 4 - 6 hour
after injection [20,22], some Type 2 DM patients on
twice daily treatment with premixed insulin, may com-
plain of hypoglycemia before lunch, necessitating a re-
duction in the insulin dose at breakfast. However, re-
ducing the insulin dosage at breakfast may cause an in-
crease in evening plasma glucose levels; indicating the li-
mitation of this insulin regimen. Moreover; in Egypt,
consuming homemade meals provided by caregivers is a
common hospital break regulation which may result in
increase in both lunch and evening BG levels. To over-
come limitation with in twice daily NPH regimen, bi-
phasic insulin analogues have been given three times a
day and shown to be as efficacious as basal-bolus re-
gimen [23], but accompanied with more minor hypo-
glycemic episodes compared to biphasic human insulin
twice daily, but this was not statistically significant [24].
The safety of thrice daily biphasic human insulin re-
gimen is still not well established [25]. An alternative
option was to add midday prandial insulin to biphasic in-
sulin based regimen as shown by Holman et al. [26].
This regimen was applied in the present study through
introducing supplemental insulin dose at lunch time
when BG > 150 mg/dL resulted in better glycemic con-
trol. Our adopted protocol used a similar concept to that
offered by Yamada et al., [27] who suggested additing
glinide, a novel rapid-acting insulin secretagogue, once a
day at lunch-time to twice daily injections of premixed
insulin.

The continuous elevation in BG level in SSI group
supports the medical fact that the use of SSI as sole treat-
ment is ineffective and associated with several problems
[28-31]. SSI is a reactive response to hyperglycemia
[7,32] and is based on illogical assumption that insulin
sensitivity is the same for all patients [20].

PP



562 Comparison on Efficacy and Safety of Three Inpatient Insulin Regimens for
Management of Non-Critical Patients with Type 2 Diabetes

In the present study, despite a proper administration
schedule and monitoring design, poor glycemic control
was observed in the glargine/glulisine insulin group,
which may be attributed to nursing’s errors. With low
education and poorly trained nursing staff, giving two
different types of insulin at night created a great source
of confusion and resulted in some cases, in nurse self-
decision of giving only one type of insulin. If the missed
insulin was glargine, this resulted in great BG fluctuation
overall the next day. This problem was confirmed by
interviewing the patients rather than interviewing the
nurses, who would not admit it and most times confirmed
by reviewing patient’s medication sheet, where no glar-
gine doses were recorded to be administrated. This was a
very difficult point to control by the investigators who
normally were available during the morning doses only.
Although no studies in Egypt have focused on quality of
nursing staff, there was a great agreement among prac-
ticing physicians and residents on both shortage and poor
education level of practicing nursing staff in Cairo
University teaching hospitals where the study was con-
ducted. Unfortunately, same problem could be easily ex-
trapolated in other governmental hospitals in Egypt. Dif-
ferent research studies concluded that, hospital working
conditions and the adequacy of nurse staffing are im-
portant predictors of variation in hospital patient out-
comes [33-38].

In the non-critical care setting under investigation in
this study, patients remained on the same SSI regimen
despite widely varying insulin requirements resulting in
undesirable hypoglycemic and hyperglycemic events that
were observed in more than 68% of patients treated with
SSI. Hyperglycemia (BG > 300 mg/dL) observed in more
than half of the patients treated with glargine/glulisine in
addition to higher BG morning which may also be
attributed to missing glargine night dose as previously
mentioned.

70/30 insulin is a combination product containing both
short- and intermediate-acting insulins. Pharmacodyn-
amic profile of 70/30 insulin (30 minutes onset, peak
after 4 - 8 hours, effect, and duration up to 24 hours) [20]
provides better basal insulin coverage, resulted in lower
mean BG morning in 70/30 group compared to the SSI
group and fewer subsequent hyperglycemic events.
These results indicate that, the 70/30 insulin regimen pro-
vides better glycemic control compared to SSI hospital
protocol which goes along with Schoeffler et al., pilot
study utilizing 70/30 insulin regimen [20].

The presence of hyperglycemia is associated with pro-
longed hospital stay, disability after hospital discharge,
and death [5]. The mean hospital LOS was significantly
shorter in patients treated with 70/30 insulin compared to
those in the SSI group. This finding opposed the one re-
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ported by Schoeffler et al. [20], which showed no sig-
nificant differences in mean hospital LOS comparing
70/30 insulin regimen versus SSI. This may be explained
by the significant glycemic control observed in patients
treated with 70/30 insulin compared to SSI, and thus
faster recovery in patient’s condition confirmed by sig-
nificant lower BG reading on last day of hospitalization.
However, LOS was comparable in glargine/glulisine
group and SSI group, which, agrees with the finding re-
ported by Umpierrez et al., study [14].

Patients treated with glargine/glulisine group received
approximately two times higher total daily insulin dose
than those treated with SSI. This higher dose could not
explain hypoglycemic events occured in glargine/gluli-
sine group since in Umpierrez et al., [14] despite higher
approximately triple insulin dose, the use of the basal
/bolus insulin regimen was safe and was associated with
a low rate of hypoglycemic events. However, in the pre-
sent study, and surprisingly, there was an unequal distri-
bution between glargine and glulisine in the total admini-
strated dose where glulisine contributed a great pro-
portion in total daily dose. As a result of missing glargine
night dose, higher glulisine doses were administrated to
correct hyperglycemia. Hyperglycemia over correction
resulted in subsequent hypoglycemia. The risk of hy-
poglycemia increased particularly in that subject group
due to inappropriate timing of rapid acting insulin in re-
lation to meals. The practice of giving insulin just before
the meal created a second source of error among nursing
staff who almost forgot to ask patients on basal/bolus re-
gimen to take their meal immediately after bolus insulin
injection instead of waiting 30 minutes as they used to do
with their home insulin. The average total daily insulin
dose was slightly higher in the 70/30 insulin group com-
pared to SSI; however, this was expected as shown in
Schoeffler et al., pilot study [20].

Despite the evidence supporting inpatient glycemic
control and guidelines recommending tighter inpatient
glycemic control, clinical practice in Egyptian hospitals
is slow to change. The fear of hypoglycemia in addition
to poorly educated nursing staff, insufficient frequency in
BG monitoring, failure to recognize changes in insulin
requirements and resistance to change, pose a great chal-
lenge in most Egyptian hospitals to changing from SSI to
weight-based insulin administration and real obstacle to
make daily insulin dosing adjustment after first ordering.

5. Study Limitation

The main weakness of this study is the small sample size.
This could be attributed to two reasons: first, the finan-
cial constraint where the study was completely self-
funded and all the 70/30 insulin, glargine/glulisine So-
lostar Flex-Pen” insulin were supplied by the inves-

PP



Comparison on Efficacy and Safety of Three Inpatient Insulin Regimens for 563
Management of Non-Critical Patients with Type 2 Diabetes

tigators; second, the difficulty in recruiting patients with
previously set inclusion and exclusion criteria from Cairo
University Hospitals. Because treatment in Cairo Uni-
versity hospitals is a completely free service, priority in
the provision of case is always given to critical and mul-
tiple complicated conditions.

Although nursing errors were associated with major
poor patient outcomes in glargine/glulisine group, no ap-
propriate assessment of nursing staff education was con-
ducted during this study.

6. Conclusions

With increasing evidence in support of tight glycemic
control, new strategies should be implemented to control
DM in Egyptian governmental hospitals. With poorly
educated nursing staff, basal plus SS insulin failed to
provide adequate glycemic control among hospitalized
patients. However, it was found that, treatment with tai-
lored 70/30 insulin regimen resulted in both statistically
significant glycemic control and shorter length of hos-
pital stay compared to the use of traditional SSI protocol
which is inadequate to achieve current recommended
glycemic targets in Egyptian patients, when used as the
only inpatient treatment for diabetes.

Proper education and training of hospital staff on ef-
fective management of patients with diabetes and imple-
mentation of standardized subcutaneous scheduled insu-
lin therapy order sets are highly recommended.

7. Recommendation

Further trials on larger sample size are recommended to-
gether with conducting economical studies comparing
the three regimens.

More appropriate assessments of nursing staff quality
in both governmental and private hospitals in Egypt are
clearly needed.
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