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Objectives: To assess the effect of sliding scale insulin (SSI) use on glycemic control and
length of hospital stay in patients with diabetes mellitus. Methods: A prospective cohort
study of 182 patients with diabetes mellitus as a primary diagnosis or a comorbid condition
admitted consecutively to the internal medicine wards over a 6-week period.
Demographic, clinical and laboratory data were collected from in-patient medical records.
Data were analyzed using Chi-square and independent t-tests and presented as the mean
+ standard error of the mean. Results: Of the total 182 in-patients with Type 2 diabetes,
130 (71.4%) were placed on SSI (Group A) and 52 (28.6%) on standing-dose
antihyperglycemic therapy without the use of SSI (Group B). While there was no difference
in admission blood glucose values (mg/dl) between Group A (236 + 14.3) and Group B
(237 = 6.4), higher average in-hospital fasting blood glucose values were recorded from
Group A (168 = 7.2) compared with Group B (139 + 11.5), p = 0.04. Plasma glucose values
at discharge were not significantly different between the two groups with an average of
172 + 8.1 for Group A and 170 + 18.1 for Group B. Also, there was no significant difference
in the number of days of hospitalization between the two groups with an average of

(7.6 £ 0.89) for Group A and (10 = 4.7) for Group B. Conclusion: SSI use is associated with
higher in-hospital blood glucose and does not offer any advantage in terms of duration of
hospital stay as compared with standard-dose antihyperglycemic therapy.

Type 2 diabetes mellitus is a common, major
risk factor for cardiovascular disease with rising
prevalence that is approaching epidemic pro-
portions [1-7]. In 1990, there were 2.8 million
diabetes-related hospital discharges in the USA,
accounting for over 1 million days of hospital
stay [3-5]. Persons with diabetes have a higher
risk of stroke, myocardial infarction (MI), con-
gestive heart failure (CHF) and death after an
acute MI both in the short and long-term [1-9).
In addition, in the event of stroke, diabetic
patients are more likely to die or to suffer greater
neurologic damage, compared with nondiabetic
individuals [1,3,4,6,10]. Furthermore, in hospital-
ized persons with Type 2 diabetes mellitus, sub-
optimal glycemic control can have adverse
vascular and metabolic consequences, including
volume and electrolyte abnormalities, increased
neurologic ischemia, delayed wound healing
and increased infection rate as well as increased
adverse effects on the outcome of the primary
illness [3,4,9-14].
Among  the  different  management
approaches to in-patients with diabetes, the use
of insulin sliding scale recipes survived, grossly
unchanged, into our evidence-based medicine
era, despite the lack of data on their efficacy

http://www.future-drugs.com

(3.4,15-21]. The practice, which apparently
became established by tradition, is so common
that its efficacy is rarely questioned. As Sawin
mentioned, ‘it is done because it is expected’ (4].
In fact, several reports discourage the use of
sliding scale regimens in in-patient manage-
ment of diabetes and call on more aggressive
standing regimens, which may improve the
overall outcomes especially in patients with MI
and stroke [3-5,8,11-13,22-28].

With these important issues in mind, we
conducted a prospective cohort study to
examine the effect of sliding-scale insulin use
on glycemic control and length of hospital
stay, compared with the use of standing dose
antidiabetic medications.

Methods

Study participants & data collection

The Institutional Review Boards at University
Hospital of Brooklyn (NY, USA) and King’s
County Hospital Center (NY, USA) approved
the study prior to commencement. Over a 6-
week period, 182 consecutive patients admit-
ted to either hospital with a primary or second-

of diabetes mellitus

ary diagnosis were
prospectively followed.
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Baseline demographic characteristics and out-
come of the 182 patients are shown in Table 1.
Our cohort had Type 2 diabetes as per chart doc-
umentations and/or current or previous use of
oral antidiabetic medications. Patients with Type
1 diabetes were not included. Participants were
patients who had been admitted consecutively to
the internal medicine service of two urban hos-
pitals for a 6-week period in 2002. Data collec-
tors were trained to review the medical records
for data on glucose control including finger stick
(FS) monitoring and plasma glucose levels
obtained for routine care, as well as other data
regarding the existence of diabetic macrovascular
and microvascular disease. FS measurements
were carried out by nursing staff using a hand-
held glucose meter (Life scan, California, Milpi-
tas, One Touch II) which was calibrated at least
daily. Also, records were examined for the use of
sliding scale insulin (SSI), standing insulin
and/or oral antidiabetic regimens and prescribed
diet. All patients were seen by a certified dieti-
tian and prescribed diabetic diets. Patients were
included in the study if a history of Type 2 dia-
betes mellitus was volunteered, or was found in
the medical records, documented in the admit-
ting physician’s or in the emergency physician’s
notes, or if patients were on antidiabetic medica-
tions. The management of diabetes with or with-
out the use of SSI regimens was decided by the
treating physicians. Those who received SSI
(+ standing-dose insulin and/or oral antidiabetic
agents), were designated as Group A. Those who
received only standing-dose therapy without the
use of SSI, were designated Group B.

Data analysis

Using SPSS version 10.0 (SPSS Inc. IL, USA), a
Student t-test (independent) was applied for
comparison of the continuous variables, such as
age, length of hospitalization and blood glucose
(BG) values between the two groups of patients,
that is, those on SSI (Group A) and those on
standing orders of antidiabetic medications
(Group B). Chi-square analysis was utilized for
comparison of the two groups with regards to
categorical variables, such as gender and presence
of cardiovascular disease.

Results
In group A, the lowest dose of insulin of two units
was started at a glucose level of 8.3 mmol/L
(150 mg/dl) in 8.3%, at 11 mmol/L (200mg/dl) in
85.6% and at 13.8 mmol/L (250) mg/dl) in 6.1%.
The insulin dose was increased by increments of
two units per increment of BG level (L) of
2.8 mmol/L (50 mg/dl). The relatively small varia-
bility in the style of writing SSI orders reflects the
fact that house staff and the majority of the attend-
ing physicians rotate between the two affiliated
hospitals where the study was performed. This may
also be indicative of the tradition with which
practice of using SSI insulin is being transmitted.
For the cohort, age (years)
mean = 60.8 £ 1.0, time since diagnosis of dia-
betes (years) = 13.3 + 1.2. 57.1% were female,
and 49.9% male. Plasma glucose (PG) on
admission = 237 + 14.6 mg/dl and hemoglobin
(Hb)Alc=8.7+0.28. Of the total of
182 patients, 130 (71.4%) were placed on SSI
(Group A) and 52 (28.6%) were treated with

entire

Table 1. Baseline characteristics of diabetic patients treated with sliding scale insulin compared with those

treated with standing regimen.

Baseline characteristics of study

participants

Age (years) mean = SEM

Time since diagnosis of DM (years)

% performing SHGM

% with comorbid conditions?s
Hemoglobin A1C (HbA1C) %

Admission PG (mg/dl)

regimen and/or OHA (Group A)
n=130(71.4%)

60.5+ 1.1

124

56.1

50.3

8.8+0.3

236 + 14.3

Patients treated with SSl alone orin
combination with standard insulin

Patients treated with standing ps
dose of insulin and/or OHA

(Group B)

n =52 (28.6%)

62.8+2.0 NS
15.9 NS
64.7 NS
49.7 NS
82+04 NS
237+ 6.4 NS

BG: Blood glucose; DM: Diabetes mellitus; OHA: Oral hypoglycemic agents; PG: Plasma glucose; SEM: Standard error of the mean;
SHGM: Self home glucose monitoring; SSI: Sliding scale insulin.

§: p significant at < 0.05, 55: Additional admitting diagnosis (primary or secondary) besides diabetes, including cardiac disease, stroke, infections,
respiratory, gastrointestinal, hematologic, renal and neurologic disorders.

82

Therapy (2004) 1(1)



SSI use in Type 2 diabetes patients - RESEARCH ARTICLE

Table 2. Glycemic control and hospital length of stay of diabetic in-patients treated with sliding scale insulin

compared with those treated with standing regimen.

Outcome of study participants

Discharge BG (mg/dl)

Fasting BG during hospitalization (mg/dl)
Mean BG during hospitalization (mg/dl)
Hypoglycemic episodes n (%)38

Length of hospitalization (days)

Patients treated with SSI

alone or in combination with standard
insulin regimen and/or OHA (Group A)

n =130 (71.4%)
172 £ 8.1

168 £ 7.2

189 £ 6.6

3(2.2)

7.6 +0.89

Patients treated with ps
Standing dose of insulin
and/or OHA (Group B)

n =52 (28.6%)

170 £ 18.1 NS
139+ 11.5 0.04
168 £ 9.2 0.001
4(9.3) NS
10+4.7 NS

BG: Blood glucose; DM: Diabetes mellitus; OHA: Oral hypoglycemic agents; SSl: Sliding scale insulin.
5 p significant at < 0.05, %5 Hypoglycemia defined as BG < 60 mg/dl occurring at anytime during hospitalization.
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standing dose antidiabetic medications without
the use of SSI (Group B). Of the Group A
patients, 29.7% also received oral antidiabetic
medication(s), 19% received standing-dose insu-
lin in addition to SSI and 14% received both
oral agent(s) and standing-dose insulin.

There was no difference between the two
groups in age, time since diagnosis of diabetes,
PG on admission, BG on discharge or HbAlc
values (Table 1).

There were no significant differences between
the two groups in the incidence of hypoglycemic
episodes, as defined as BG (or PG) less than
60 mg/dL occurring anytime during hospitaliza-
tion (Table 2). Overall, the incidence of hypoglyc-
emia was 3.8% with four cases occurring in
Group B representing 9.3%, and three cases
occurring in Group A representing 2.2%,
p =0.055.

Group A had a higher in-hospital fasting BGL
(168 +7.2) when compared with Group B
(139 + 11.5), p=0.04 and a higher mean in-
hospital BGL; Group A (189 + 6.6mg/dl) com-
pared with Group B (168 +9.2 mg/dL,
p = 0.001). Mean in-hospital BG was defined by
the sum of the BG values divided by the number
of measurements carried out. Days of hospitali-
zation (mean + SD) were 7.6 + 0.89 for Group A
and 10 + 4.7 for Group B (p = 0.98), (Table 2).

There was no difference in the percentage of
comorbidity conditions enlisted as primary or
secondary admission diagnosis with diabetes
(Table 1), (50.3 versus 49.7%, p = NS) for Group
A and Group B respectively.

Discussion

SSI is commonly prescribed for hospitalized
patients with diabetes mellitus. In this study,
71.4% of the patients received SSI therapy. This is

consistent with prospective cohort data of
171 diabetic patients by Queale and colleagues 3],
where 76% of the patients were treated with SSI,
indicating that its use is still very common prac-
tice. This might also explain the large difference in
sizes of the groups, SSI versus standard antidia-
betic regimen. Consistent with our data also,
Queale and colleagues demonstrated a higher risk
of hyperglycemia with the use of SSI [31. However,
in contrast to our study, Queale and colleagues
showed a higher risk of hypoglycemic episodes in
association with SSI use 3]. Furthermore, the
study by Queale and colleagues did not provide
specific data regarding hospital stay [3].

In our study, when SSI was administered, it
was initiated 85.6% of the time at a BGL of
11 mmol/L (200)mg/dl and 6.1% of the time at
13.8 mg/dl (250 mg/dl) thus allowing high in-
hospital BGLs to occur prior to the administration
of insulin. Such high in-hospital BGLs have been
shown to lead to unfavorable outcomes. For
instance, hyperglycemia was reported to adversely
affect stroke outcome in both diabetic and nondi-
abetic patients [29.30. In fact, hyperglycemia
increases brain lactate production and facilitates
conversion of hypoperfused at-risk tissue into inf-
arction [29]. In addition, glucose levels of more
than 140 mg/dl, reduced the beneficial effect of
early restoration of blood flow, leading to worse
outcome despite tissue plasminogen activator-
induced recanalization [31]. Furthermore, in criti-
cally ill patients, normalization of BG with inten-
sive insulin therapy reduced morbidity and
mortality [32]. One possible explanation for the
higher in-hospital BG values with the use of SSI, is
that it allows for the hyperglycemia to occur first
before giving any insulin, while the use of standing
dose antidiabetic therapy prevents hyperglycemia
from occurring in the first place [33.
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The present study supports the results of a rand-
omized controlled multicenter trial involving 153
Type 2 diabetic patients [34], in which no difference
in hospital length of stay was found between the
SSI treated group and the standard antidiabetic
group [34]. However, in contrast to the study of
Dickerson and colleagues [34], our data showed
higher levels of intrahospital hyperglycemia,
consistent with several other previous reports [3,21].

Highlights

e Sliding scale insulin (SSI) is a very common practice in the management of

Finally, our study is limited by being nonrand-
omized, due to a lack of specific information on
nutritional status, medication use and frequency of
BG measurements in each group. Nonetheless, our
data raises very important questions regarding the
possible hazards involved with the use of SSI, espe-
cially in view of the accumulating evidence indi-
cating poor outcomes are associated with high
intra-hospital BG levels [1,29,12] and decreased
morbidity and mortality, conversely, with intensive
glycemic control 34. However, the present study
did not assess morbidity and mortality outcomes
associated with SSI. Further studies are needed to

hospitalized diabetic patients. In our study, 71.3% of the cohort was

treated with sliding scale insulin.

which is potentially detrimental.

should be discouraged.

¢ SS| treatment was associated with increased intra-hospital hyperglycemia,

¢ SSl treatment did not offer any advantages over standing-dose
antidiabetic therapy, in terms of length of hospitalization.
e Routine use of SSIin the management of diabetes in hospitalized patients
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