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Abstract

Objective: Current guidelines emphasise the importance of effective glucose control in medical inpatients
outside critical care. Traditional glucose-adapted insulin sliding scales (SSCs) may inaccurately estimate insulin
requirements, resulting in hypoglycaemia, hyperglycaemia, or both. We retrospectively performed a “before/after”
analysis investigating whether an SSC also incorporating carbohydrate intake and estimated insulin resistance
(iISSC) improves glucose control relative to that with conventional SSCs.

Methods: We compared glucose control during the initial 120 inpatient hours in patient groups with hospital
diagnoses of lower respiratory tract infection or an acute cardiac condition and diabetes mellitus as comorbidity,
one group treated during 2010, after introduction of an iSSC, and an historical control group treated during 2008,
with an SSC as the standard of care. Mean glucose levels, hypoglycaemic and hyperglycaemic episodes, glucose
variability, and hospital outcomes (length-of-stay, all-cause mortality, intensive care unit admission) were compared
using multivariate linear regression analysis adjusted for potentially important confounders.

Results: Of 215 included patients, 59.5% (n=128) were in the iSSC group, 40.5% (n=87) in the historical control
group. Relative to controls, iSSC patients had consistently greater probability of effective glucose control and better
hospital outcomes; however, these differences were insufficiently powered to attain statistical significance (p 2 0.114).

Conclusions: Our results suggest that incorporating nutritional factors and insulin resistance into an SSC may
improve glucose control and clinical outcomes in the everyday non-critical care inpatient setting. Due to the small

studies conclusively answering this question.

patient sample and borderline significant results, we endorse further large, prospective, randomised controlled

Keywords: Diabetes mellitus; Glucose control; Insulin; Sliding scale;
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Introduction

Recent studies support the association of hyperglycaemia and
adverse clinical outcomes in hospitalised patients across different
medical diagnoses and settings [1-10]. Although most of the literature
originates from critical care units, the association of increased glucose
levels and adverse hospital outcomes also may apply to non-critical care
medical wards. Therefore recently updated Endocrine Society guidelines
state that hypergylcaemia is a common, serious and costly health care
problem in hospitalised patients and should be prevented or corrected
[11]. Implementing a standardised subcutaneous (s.c.) insulin order set
promoting and guiding the use of scheduled basal and nutritional insulin
therapy is a key intervention in inpatient diabetes management.

Unfortunately, inpatient s.c. insulin protocols are not well defined
outside critical care. Few studies on insulin regimens to improve
glycaemic control in medical ward patients have been published [12-
14]. Moreover, the reported studies were limited, either by focusing only
on body mass index (BMI) to estimate required insulin dosing, by using
since-superseded, relatively high target blood glucose levels of 5.6-10.0
mmol/L, or by having retrospective designs [15-19]. Importantly, not
only BMI and the degree of visceral obesity, but also other factors such as
acute illness-associated inflammation and stress hormone release may
enhance insulin resistance [20-26]. Therefore, insulin requirements in
hospitalised patients will likely vary, with important differences within
and between individuals, depending on underlying medical conditions.
The extent of insulin resistance is usually unknown upon admission,
and insulin requirements may change rapidly during hospitalisation.

Based on these considerations, our research group recently
developed an “improved” sliding scale insulin algorithm (iSSC)
incorporating key individual characteristics for each patient, including
his or her acute medical condition [27]. The protocol’s goal was to define
s.c. insulin requirements in order to rapidly achieve and consistently
maintain target blood glucose levels [27]. In a prospective randomised
controlled trial at two Swiss hospitals [27], patients cared for using the
algorithm showed faster, longer-lasting hyperglycaemia correction
than did controls managed with a sliding scale insulin protocol adapted
only to glucose concentration (SSC). In 2010, a third Swiss institution,
Kantonsspital Aarau (Cantonal Hospital of Aarau), which had not been
a site of the randomised controlled study, introduced a slightly modified
version of the iSSC for all inpatients with diabetes mellitus and or
hyperglycemia treated in non-critical care medical wards. The aim of
the current “before/after” study was to assess safety and efficacy of the
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iSSC in everyday clinical practice at Kantonsspital Aarau, by comparing
outcomes in patients treated post-algorithm adoption versus those in
patients treated when an SSC was the routine insulin protocol.

Methods
Patients and ethics

This retrospective study compared consecutive eligible medical
ward inpatients with type 1 or type 2 diabetes mellitus as a comorbidity
who were treated with the iSSC from 1 January-31 December 2010
against those managed with an SSC, the then-current standard of care
in the hospital, from 1 January-31 December 2008 (historical controls).
Internal medicine physicians and nurses had been trained regarding the
iSSC, and the protocol had been introduced, over the course of 2009.

Patients were selected via the hospital’s electronic medical record
system, and data for this analysis were collected by hand searching medical
histories of all eligible individuals. To reduce patient heterogeneity, the
cause of hospitalisation had to be either 1) a lower respiratory tract
infection (LRTT) including pneumonia or chronic obstructive pulmonary
disease exacerbation, or 2) an acute cardiac condition including acute
coronary heart disease (ST-elevation or non-ST-elevation myocardial
infarction, unstable angina pectoris) or acute heart failure. Diagnosis of
LRTI or acute cardiac disease as the cause of admission and of diabetes as
a comorbidity was identified based on medical records.

Diabetes could not have been first diagnosed at or after the
index admission, or have been the primary cause of hospitalisation.
Additionally, we excluded patients if (a) the iSSC was not started within
48 hours of admission, (b) the medical file could not be found or (c)
hospitalisation in the ward was <5 days, due to discharge from the
hospital or intensive care unit (ICU) admission during the first 120
inpatient hours, since the iSSC was not used in either the outpatient
or citical care settings. Where a patient was eligible for the analysis for
more than one hospitalisation during the study period, only data from
the first hospitalisation were used.

The local ethical board (Kantonale Ethikkommission Aargau)
approved this analysis, and due to the work’s retrospective nature as
a quality-control project and lack of patient interventions, waived the
need for written informed consent.

Glucose measurement and insulin treatment

In all patients, glucose levels were recorded and insulin therapy

was initiated as directed by the treating physician team according to
the then-prevailing hospital insulin protocol, as that team judged to be
clinically appropriate. Typically, glucose levels were measured 4 times
daily, thrice before meals plus once before bed-time. Two-hour post-
prandial glucose levels were sometimes also measured, for applying
correction insulin for hyperglycaemia.

According to the hospital pharmacy, during the inpatient stay,
patients in both groups received mainly once or twice daily doses of
long-acting insulin, generally Levemir® (insulin detemir, Novo Nordisk,
Bagsvaerd, Denmark) or, in some cases, Lantus® (insulin glargine,
Sanofi, Paris, France), plus pre-prandial corrective doses of short-acting
insulin, principally Humalog® (insulin lispro, Lilly, Indianapolis, IN,
USA) or NovoRapid® (insulin aspart, Novo Nordisk).

iSSC

In the iSSC group, patients were treated according to the insulin
algorithm in Table 1. Briefly, this protocol incorporated three factors
for dosing insulin: (a) latest glucose level, (b) amount of carbohydrate
intake and (c) degree of insulin resistance. Patients were categorised
according to one of 5 levels of insulin resistance. For a patient with
the lowest insulin resistance, classified as level 1, we assumed that 1
unit of insulin would be necessary to cover 10 g of carbohydrate intake
and also reduce glucose levels by 2-3 mmol/L. In resistance level 2,
the amount of insulin to reach these goals would be doubled. Insulin
resistance classification was dynamic. Typically, patients would start at
level 1 upon admission. In high-acuity patients, e.g., those with sepsis or
elevated inflammatory analytes, who were expected to have high insulin
resistance, or inpatients on higher pre-admission insulin doses, a higher
starting insulin resistance classification was recommended. The insulin
resistance classification was adjusted daily in stepwise fashion, upwards
if insulin doses failed to correct hyperglycaemic glucose levels or even
failed to stop continuing glucose increases, and downwards if insulin
doses were associated with hypoglycaemic glucose concentrations.

SSC (Historical control protocol)

The SSC algorithm called for a set amount of insulin to be
administered based only on the patient’s latest blood glucose level,
without considering the timing or carbohydrate content of meals or
snacks, the pre-admission insulin regimen, or the degree of insulin
resistance.

With both the iSSC and the SSC, the treating physician team

A. Rapid insulin in dose to correct increased blood glucose (Target level 5.5-7.0 mmol/L)

Monitoring and insulin injection

Glucose control 4 times per day

every 4 hours

every 2 hours

Glucose range (mmol/L) 4.1-7.0 7.1-9.0 9.1-13.0 13.1-16.0 16.1-19.0 19.1-21.0 >21.0
Insulin units 0 1 2 3 4 5 6
B. Rapid insulin dose to cover meal carbohydrate intake
Meal size Insulin units (carbohydrates)
breakfast lunch dinner late snack

1200 kcal 3(30) 3(30) 3(30) 1(10)
1600 kcal 4 (40) 4 (40) 4 (40) 1(10)
2000 kcal 5 (50) 5 (50) 5 (50) 2 (20)
2400 kcal 6 (60) 6 (60) 6 (60) 2 (20)

Total rapid insulin dose (A + B) * resistance factor = total insulin units

Generally, start with resistance factor 1. In high-acuity patients (e.g., those with sepsis or systemic inflammation), patients with corticosteroid treatment or in patients on high
pre-admission insulin doses, a higher starting insulin resistance factor may be considered.

Table 1: “Improved” sliding scale insulin protocol incorporating nutritional factors and insulin resistance as well as glucose levels for insulin dosing.
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were permitted to modify or disregard the protocol based on clinical
judgment.

Endpoints

The primary endpoints were 1) the mean glucose level over the first
120 inpatient hours and 2) the percentage of that time at euglycaemic
glucose levels (3.8-7.0 mmol/L). The mean glucose concentration over
the first 120 hours was calculated using all available measured glucose
concentrations within that period and assuming a linear trend between
those measurements.

Secondary endpoints included occurrence during the first 120
hours of any episode of hypoglycaemia, subcategorised as mild (blood
glucose 2.5-3.8 mmol/L) or severe (<2.5 mmol/L), hospital length-of-
stay, all-cause mortality after the first 120 inpatient hours, and ICU
admission during the hospital stay.

Statistical analysis

To describe the populations, values are expressed as means with
standard deviations (SDs) and frequencies as percentages, counts or
both, as appropriate. We investigated differences in endpoints between
the iSSC group and the historical control group with linear and logistic
regression analysis adjusted for important potential confounders,
specifically diabetes type, time since diabetes diagnosis, BMI, presence
Variable? Overall (n=215)

Demographics

Age (years) 69.4 (£ 12.7)
Male sex 64.7% (139)
Weight (kg) 84.3 (£ 16.1)
Body mass index (kg/m?) 29.5(£5.2)

Obesity (BMI>30) 77.2% (166)
Metabolic variables
Diabetes Type 1

Diabetes Type 2

3.7% (8)
96.3% (207)
Time since diabetes

diagnosis (months) 124 (£10.3)
Admission HbA1c (%) 7.8 (£1.4)
Initial blood glucose level (mmol/L) 11.5 (£ 4.8)

Dyslipidaemia 50.7% (109)

Comorbidities and smoking status

Hypertension 75.8% (163)
34.4% (74)
16.3% (35)
8.8% (19)

55.8% (120)

Chronic renal failure
Malignancy

Dementia

Current or former smoker
Medication on admission

Metformin
Sulfonylurea

45.6% (98)
32.6% (70)
18.1% (39)
30.7% (66)
33.1 (£19.4)
16.7% (36)

Other oral anti-diabetic agents
Any insulin

Total daily insulin dose, U
Steroid treatment

Hospital variables

Cause of hospitalisation
LRTI
Acute cardiac condition

47.4% (102)
52.6% (113)

of dyslipidaemia, admission blood glucose concentration, pre-
admission chronic therapy (metformin, insulin), and main hospital
diagnosis (LRTI or acute cardiac condition).

In a second step, we investigated factors potentially associated with
hypoglycaemia in the overall study population using logistic regression
analysis and stepwise selection procedures at the p <0.2 limit. All analyses
were performed with Stata 12 (StataCorp, College Station, TX, USA).

Results
Study participants

Altogether, 215 inpatients with diabetes, almost always (207/215,
96.9%) type II, were eligible and included into this analysis; the
principal cause of hospitalisation was LRTT in 102 patients (47.4%) and
an acute cardiac condition in 113 (52.6%). In total, 128 patients (59.5%)
were in the iSSC group and 87 (40.5%) in the historical control group;

Table 2 shows baseline characteristics for the overall study
sample and by treatment group. The two cohorts were well balanced
regarding nearly all tested socio-demographic and metabolic variables
and factors related to diabetes and other comorbidities. Yet, the iSSC
group had a significantly greater prevalence of dyslipidaemia and a
significantly shorter interval since diabetes diagnosis than did the
SSC patients.

SSC group (n=87) iSSC group (n=128) p

69.0 (+ 13.1) 69.6 (+ 12.4) 0.73
70.1% (61) 60.9% (78) 0.17
85.8 (£ 17.3) 83.4 (£ 15.2) 0.29
29.9 (£5.6) 29.3 (£4.9) 0.40
77.0% (67) 77.3% (99) 0.96

4.6% (4) 3.1% (4) 0.56
95.4% (83) 96.9% (124) 0.58
14.9 (+ 11.2) 11.1 (x 9.6) 0.03
7.9 (£1.6) 7.8 (£1.3) 0.66
12.0 (£ 5.9) 11.1 (x 4) 0.22
42.5% (37) 56.3% (72) 0.04
78.2% (68) 74.2% (95) 0.57
31.0% (27) 36.7% (47) 0.39
16.1% (14) 16.4% (21) 0.95
12.67% (11) 6.3% (8) 0.11
58.6% (15) 53.9% (69) 0.42
44.8% (39) 46.1% (59) 0.91
31.0% (27) 33.6% (43) 0.76
13.8% (12) 21.1% (27) 0.22
29.9% (26) 31.3% (40) 0.83
29.1 (x19.3) 35.4 (+19.3) 0.25
17.2% (15) 16.4% (21) 0.86
50.6% (44) 45.3% (58) 049

49.4% (43) 54.7% (70)

BMI: Body-Mass Index; LRTI: Lower Respiratory Tract Infection; SD: Standard Deviation

aVariables are expressed as percentage of (number in) study sample or group or as mean [+ SD].

Table 2: Baseline characteristics in the overall study sample and according to treatment group.
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Outcomes

There were no serious diabetes-related complications (coma,
cause-specific death) in either treatment group. Table 3 presents
adjusted regression coefficients or odds ratios for outcomes of interest
for patients in the iSSC relative to historical controls. Compared to the
historical control group, patients in the iSSC group consistently had a
trend toward better glucose control over the first 120 inpatient hours
(mean blood glucose, hyperglycaemic or hypoglycaemic episodes,
glucose variability, incidence of mild or severe hypoglycaemia), as
evidenced by negative adjusted regression coefficients or adjusted
odds ratios <1.0, but without reaching statistical significance.
Additionally, iSSC patients had consistently better hospital outcomes,
as reflected by a negative adjusted regression coefficient for hospital
length-of-stay and odds ratios <1.0 for inhospital mortality or ICU
admission, but again, none of these differences attained statistical
significance.

Factors associated with hypoglycaemia

Table 4 displays the results of a logistic regression analysis
investigating factors potentially associated with hypoglycaemia
(blood glucose <3.8 mmol/L at any time within the first 120 inpatient
hours). Chronic metformin therapy at the time of admission and male
gender were associated with significantly lower probability, and a
longer interval since diabetes diagnosis and LRTI rather than an acute
cardiac condition as the cause of hospitalisation were associated with
significantly higher probability of hypoglycaemia.

Discussion

Physiological glucose ranges in patients with systemic infections
and acute cardiac conditions remain ill-defined. However, recent
observational data from both critical care units [28-30] and non-
critical care wards [11,31,32] worldwide include strong correlations of

Adjusted?®regression

Outcome coefficient or odds ratio p
(95%Cl)

Mean blood glucose during the first 120 hours
Mean blood glucose (mmol/L) -0.53 (-1.28, 0.22)° 0.163
Glycaemic range during the first 120 hours
Hyperglycaemic range (7.0 mmol/L) -5.73 (-14.8, 3.35)° 0.214
Hypoglycaemic range (4.0 mmol/L) -0.82 (0.79, -2.43)° 0.313
Glucose variability during the first 120 hours
Variability during the first 120 hours -1.28 (1.27, -3.83)° 0.322
Hypoglycaemia during the first 120 hours
Mild hypoglycaemia (2.5-3.8 mmol/L) 0.59 (0.27, 1.29)° 0.187
Severe hypoglycaemia (<2.5mmol/L) 0.33 (0.03, 3.75)° 0.375
Hospital outcomes
Ward length-of-stay (days) -1.62 (-3.63, 0.40)° 0.114
In-hospital mortality 0.39 (0.04, 3.58)° 0.406
Transfer to ICU 0.35 (0.03, 3.99)° 0.397

BMI: Body-Mass Index; ICU: Intensive Care Unit; LRTI: Lower Respiratory Tract
Infection

a Adjusted for diabetes type and time since diabetes diagnosis, BMI, presence
of dyslipidaemia, admission blood glucose concentration, chronic therapy at
admission (metformin, insulin), and main hospital diagnosis (LRTI or acute cardiac
condition).

° Adjusted regression coefficient.

° Adjusted odds ratio.

Table 3: Primary and secondary outcomes: adjusted regression coefficient or odds
ratio for iISSC group relative to historical control group

Adjusted odds
ratio (95%Cl)

0.16 (0.04, 0.66) 0.011
Duration since diabetes onset (per year) 1.07 (1.01, 1.12) 0.012
LRTI 4.27 (1.28,14.27)  0.018
0.26 (0.08, 0.88) 0.03
1.08 (0.96, 1.22) | 0.189

Outcome p value

Pre-existing metformin therapy

Male gender
Glucose level upon hospital admission (per mmol/L)

LRTI: Lower Respiratory Tract Infection
Table 4: Association of tested factors with hypoglycaemia.

initial and average inhospital glucose levels, hypoglycaemia, or glucose
variability with in-hospital mortality and other adverse outcomes.
These observations highlight the desirability of improving glucose
control in this setting. Importantly, randomised trials have further
strengthened the inverse association of hypoglycaemia and increased
mortality [29,30]. These observations led to the current Endocrine
Society Clinical Practice Guidelines recommendation to target a pre-
meal glucose level of <140 mg/dL (<7.8 mmol/L) and a random level
of <180 mg/dL (<10.0 mmol/L) for most inpatients with non-critical
illness [11]. However, the guidelines also note that for inpatients at
elevated hypoglycaemia risk, a higher target blood glucose range may
be reasonable.

Despite these findings and recommendations, safe, efficient
protocols to achieve these targets with s.c. insulin injections outside the
intensive care setting are not well-established.

In an attempt to optimise in-house insulin protocols to correct
hyperglycaemia and avoid hypoglycaemia and glucose variability,
respectively, in general medical wards, we recently completed a two-
centre, randomised controlled trial to test the safety and efficacy
of a more sophisticated and rigorous insulin protocol (the iSSC),
incorporating insulin resistance and carbohydrate intake, as well
as serum glucose levels [27]. The study found improved, early and
sustained glycaemic control with the new protocol in non-critically ill
patients admitted to general medical wards, without apparent safety
concerns. However, small sample size (N=130) and considerable patient
heterogeneity regarding underlying illness may have limited that study’s
external validity.

We, therefore, conducted the present retrospective analysis of the
“real world” experience of another Swiss hospital with everyday use
of a protocol largely similar to that applied in the randomised study
in a larger, more defined patient cohort. We found that relative to an
algorithm guided only by blood glucose levels, the iSSC was associated
with consistent improvement of mean estimates across glucose control
and more general clinical outcomes. Although the confidence intervals
overlapped and did not attain statistical significance, the consistency
of our findings further suggests the potential benefits of incorporating
nutritional and insulin resistance factors into insulin protocols for
glucose control.

We also investigated potential baseline predictors of hypoglycaemia.
We identified both protective factors, ie., male gender, chronic
metformin therapy, and risk factors, ie., longer diabetes duration,
LRTI diagnosis and higher initial glucose levels, which may merit
further study as additional inputs to SSC protocols, and more generally
speaking.

Limitations of the present analysis merit consideration. First, the
analysis relied on retrospectively collected data from everyday practice;
no information was available on the extent of physician adherence to
either the iSSC or the SSC. Since physicians were allowed to depart
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from both protocols based on clinical judgment, the dearth of such data
represents a potentially appreciable factor confounding interpretation
of our results. Indeed, one can speculate that the more lax adherence to
the iSSC likely to occur in everyday practice as opposed to a randomised
controlled study may account for the lack of statistical significance of
the glucose control and other benefits in our cohort. Second, due to the
“before/after” design, groups may not be well-balanced. Nonetheless,
of numerous studied characteristics, our cohorts differed only in two,
prevalence of dyslipidaemia (higher in the iSSC group) and time since
diabetes diagnosis (longer in historical controls). Additionally, we used
multivariate regression models to adjust for a variety of potentially
relevant baseline patient and disease characteristics. Still, residual
confounding is possible. Third, the power of our sample size was low,
which also may explain the lack of significance regarding our primary
and secondary endpoints. Lastly, our study provides a suggestion
but no statistically significant evidence whether improved glucose
control results in better patient outcomes. However, in light of the
consistency of our findings and of recent data about the association of
hyperglycaemia and adverse outcomes, it seems reasonable to postulate
that improvement of glucose control through more sophisticated
insulin algorithms may also result in better patient outcomes.

In conclusion, our analysis suggests borderline benefits of
incorporating nutritional factors and insulin resistance factors into
insulin protocols to improve glucose control and reduce the risk of
hypoglycaemia. Larger prospective randomised controlled trials should
look into the benefits of more rigorous insulin protocols to improve
inpatient management outside critical care.
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