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Abstract
Background: Diabetes is a common comorbidity in hospitalized 
patients. The necessity of blood glucose control in those patients 
with low variability and avoidance of hypoglycemic episodes is well-
known. Yet, there is still only marginal literature about the optimal 
therapy of hyperglycemia in non critically ill hospitalized patients 
using tools of modern electronic patients charts.

Objectives: The present study aimed to investigate the feasibility, 
the safety and efficiency of a standardized inpatient insulin therapy 
based on a new electronic insulin dose calculating program.

Patients and methods: In this retrospective study with a before-
after design, we compared patients treated with the new electronic 
insulin protocol (study group) to a historical group treated with a 
traditional paper-based sliding scale insulin protocol (SSI). Patients 
were selected with the aid of the hospital’s electronic medical 
system. Inclusion criteria for patients were either a lower respiratory 
tract infection or an acute cardiac condition with diabetes as a 
known comorbidity. Blood glucose levels were measured four times 
a day during the first 120 in-hospital hours. In the study group, 
all included patients were treated with the new electronic insulin 
protocol, which calculated an appropriate dose of short-acting 
insulin considering actual blood glucose, ingested carbohydrates 
and a defined resistance factor.

Results: Patients treated with the electronic insulin protocol were 
compared to a matched historical control group referring to the 
mean glucose levels, hypoglycemia and variability of blood glucose 
levels. While mean glucose levels were equal between the two 
groups (8.65 to 8.70), there was a trend towards less hypoglycemic 
episodes (1.26%  to 1.46%, p = 0.120) and a significant smaller 
variability (6.36 to 8.75, p = 0.025) in patients treated with the 
electronic insulin protocol.

Conclusion: In a real-life setting an electronic insulin protocol may 
improve and simplify glycemic control with less variability and a 
trend towards less hypoglycemic events among non-critically ill 
hospitalized patients.
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Background
Mal treated hyperglycemia is associated with increased mortality 

and morbidity across different patient population and clinical 
settings. Although most literature refers to patients in critical care 
settings, similar effects may be found in non-critical care medical 
wards [1-16].

Not only hyperglycemia is responsible for adverse clinical 
outcomes, hypoglycemia also increases the risk of mortality [8,9,17-
23]. Additionally, high glycemic variability has also been recognized 
as a poor prognostic factor in regard to hospital outcomes [24-
31]. Recent studies suggest that in fact all three aspects of glycemic 
control-hyperglycemia, hypoglycemia and glycemic variability need 
to be taken into account for optimizing glycemic control [32,33]. 
Still, there are only few studies investigating ways to improve 
glycemic control in medical wards in a real-life setting. In addition, 
electronic patient charts are increasingly present in hospitals daily 
routine. This offers an opportunity for supportive user-oriented tools 
that calculate insulin dosage based on blood glucose level, ingested 
carbohydrates and the assumed level of insulin resistance.

Objectives
In April 2013, we introduced a new standardized electronic 

system for glycemic control. For this purpose, we recently developed 
an electronic bolus calculator, using correction factors for actual 
blood glucose, carbohydrate (CH) intake and a resistance factor.

The purpose of the current study was to assess the feasibility, 
the safety and quality of this new electronic system for the 3 aspects 
of glycemic control (hyperglycemia, hypoglycemia and glycemic 
variability) as compared to a historical control group from our 
hospital.

Methods
Patients and ethics

In this study with a before-after design we compared comparable 
medical ward in patients who were treated with the new electronic 
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insulin protocol from 1 July 2013-31 July 2014 to those hospitalized 
from 1 January – 31 December 2008 managed with a traditional 
glucose-adapted insulin sliding scale (SSI), the former standard of care 
(historical controls). The methodology of the new electronic insulin 
protocol is similar to a former study and was reported elsewhere [34].

The study was approved by the local ethical board (Kantonale 
Ethikkommission Aargau). The study and lack of patient 
interventions, the study was classified as a quality-control project and 
need for written informed consent had been waived by the ethical 
board.

Patients were selected based on hospital’s electronic medical 
record system search. Eligible patients were those with diabetes 
mellitus type 1 or type 2 as a comorbidity and with the main diagnosis 
of either 1) a lower respiratory tract infection (LRTI) 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. Both, causes of 
admission and diabetes as a comorbidity were identified based on 
medical records.

Patients with a new diagnoses of diabetes at or after the index 
admission and patients with diabetes as the primary cause of 
admission were not included. In addition, we excluded patients if (a) 
the electronic insulin protocol was not started within the first 48 hours 
of admission, (b) insufficient number of blood glucose measurement 
during observation time (at least 2 measurements per day in the first 
120 inpatients hours), or (c) hospitalization in the medical ward was < 
5 days, due to early discharge from the hospital or transfer to the ICU 
during the first 120 inpatient hours, because the electronic insulin 
protocol was not used in either the outpatient or critical care settings.

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 hospital insulin protocol. Glucose levels were measured 4 times a 
day, three times before meals and once before bed-time.

During the hospital stay, the insulin treatment in both groups 
consisted of once or twice daily doses of long-acting insulin, generally 
Levemir® (insulin detemir, Novo Nordisk, Bagsvaerd, Denmark) or, 
Lantus® (insulin glargine, Sanofi, Paris, France), plus pre-prandial 
corrective doses of short-acting insulin, either Humalog® (insulin 
lispro, Lilly, Indianapolis, IN, USA) or NovoRapid® (insulin as part, 
Novo Nordisk).In the historical control group, the dose of short 
acting insulin and basal insulin was up to the provider’s decision on a 
day to day basis without standardization.

Electronic insulin protocol

The electronic insulin protocol was introduced in 2013, after the 
electronical patient chart was established at the Medical University 
Clinic at the Kantonsspital Aarau. The electronic insulin protocol is 
based on a bolus calculator for short-acting insulin.

On admission of a diabetic patient, physicians prescribed the 
amount of carbohydrate content in the nutrition, a “resistance factor” 
(described in the following section) and the dose of basal insulin. The 
nurse was asked to enter the actual blood glucose and the amount of 
carbohydrates the patient would probably ingest into the software.

The software calculates the dose of bolus insulin by three factors 
for dosing insulin (Figure 1):

A = correction factor (correction of the latest blood glucose level)

 

Resistance factor 

Blood glucose 

Carbo-
hydrates 

Patient will eat prescribed CH 

Patient will eat <20g CH 

Other amount 

Prescribed: 1 Transfer from prescription 

Transfer from glucose documentation 

Transfer from prescription 

Transfer from meal documentation 

Insulin dose  

Alternative Dose 

(calculated from A, B, C) 

reason 

A
   

Calculation of insulin dose  

Figure 1: Insulin protocol incorporating insulin resistance, blood glucose and carbohydrate content of the nutrition for the calculation of insulin dose.
Calculation of total rapid insulin dose: Total insulin dose = resistance factor A*  (B + C)
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confounders, namely age, diabetes type, medical therapy on 
admission (metformin, insulin), and main hospital diagnosis (LRTI 
or acute cardiac condition). We estimated glucose variability across 
all measured blood glucose levels per patient using Excel's variance 
function.

In a second step, we investigated factors potentially associated 
with hypoglycemia 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

A majority of the 223 patients included had type 2 diabetes 
(216/223, 96.9%). Out of these 223 patients, 136 (61%) were in 
the group with the electronic insulin protocol and 87 (39%) in the 
historical control group. The main cause for hospitalization was an 
acute cardiac condition in 151 patients (67.7%) followed by LRTI in 
72 (32.3%).

Table 1 shows the baseline characteristics separated into the 
two cohorts. The two cohorts are well matched with regard to most 
socio-demographic and metabolic variables related to diabetes. The 
interventional group consisted of older patients with a higher body 
mass index. Also, while in the historical control group the principal 
cause for hospitalization was equally distributed with LRTI in 44 
(50.2%) an acute cardiac condition in 43 (49.8%) cases, the patients 
in the group with the electronic insulin protocol were predominantly 
hospitalized because of acute cardiac conditions (108/136, 79.4%).

Differences in glycemic control

In comparison to the historical group, patients in the group with 

A = (actual blood glucose – 7) / 2

1E of short acting insulin is used for a correction of 2 mmol/l with 
a target of 7 mmol/l.

B = carbohydrate factor (factor for the correction of the amount 
of ingested carbohydrates)

B = Amount of ingested carbohydrates / 10

1E short acting insulin is applied to cover 10 g carbohydrates.

C = resistance factor (RF)

The resistant factor is a multiplicator and stands for the degree of 
insulin resistance.

The resistance factor has been implicated to simplify this insulin 
protocol, so that there was no need to prescribe both correction factor 
and carbohydrate factor. Physicians are asked to start with an RF = 
1 in normal weight patients. In patients with criteria, which lead to 
the assumption of higher insulin resistance, e.g. obesity (BMI > 30), 
sepsis or elevated inflammatory analytes (CRP > 100 mg/dl), or in 
patients on higher pre-admission insulin doses (> 60 E Insulin/d), 
it is recommended, to start directly with RF 3. The RF as a marker 
of insulin resistance is adjusted daily in stepwise fashion-it is rised if 
insulin doses failed to correct hyperglycemic glucose levels, and has to 
be reduced if insulin doses are associated with hypoglycemic glucose 
concentrations or a dramatic decrease in glucose levels ( ≥ 50%).

The suggested dose of short acting insulin is calculated using this 
formula:

Insulin dose = C* (A+B).

Before implementation of this electronic insulin protocol, the 
staff of the hospital kitchen was trained to weight the food of the 
patients to assure correct distribution of prescribed carbohydrates. A 
corresponding, standardized paper-based insulin protocol using the 
same factors had been introduced in 2009 and had been used from 
2009- 2013 in our hospital. Staff taking care of diabetic patients are 
trained on this insulin protocol regularly.

SSI (Historical control protocol)

The SSI 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. Patients received their usual home doses of basal insulin. If 
they were not on basal insulin, it was started during the hospitalization 
based on the decision of their physician.

With both, the electronic insulin protocol and the SSI, the treating 
physician team were permitted to modify or disregard the protocol 
based on clinical judgment.

Endpoints

The primary endpoints were 1) the mean glucose level, 2) 
variability of blood glucose levels and 3) frequency of occurrence of 
hypoglycemic events. All three endpoints were examined over the first 
120 inpatient hours. The mean glucose level over the first 120 hours 
was determined as the average of all available glucose concentration 
measurements within that period, assuming a linear trend between 
those measurements.

Secondary endpoints included hospital length-of-stay, the 
incidence of all-cause mortality after the first 120 inpatient hours and 
transfer to the ICU during 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 electronic group and the historical control group 
with linear and logistic regression analysis adjusted for important 

Table 1: Baseline characteristics in the overall study sample and according to 
treatment group.

Variablea Control group Study group p
Demographics    
n 87 136  
Age 68.5 ± 14.9 73.8 ± 9.6 < 0.01
Male sex 60 (69%) 92 (67.6%)  
Weight 85.8 ± 17.3 91.4 ± 20.9  
Body mass index 29.9 ± 5.6 32.2 ± 6.6 < 0.01
Obesity (BMI > 30) 67 (77%) 64 (47%)  
Metabolic variables    
Diabetes type 1 4 (4.6%) 3 (2.2%)  
Diabetes type 2 83 (95.4%) 133 (97.8%)  
Time since diabetes diagnosis (years) 14.9 ± 11.2 16 ± 11.3  
Admission HbA1c (%) 7.9 ± 1.6 7.8 ± 1.4  
Initial blood glucose level (mmol/L) 12 ± 5.9 10.8 ± 4.2  
Medication on admission    
Metformin 37 (42.5%) 44 (32.4%)  
Sulfonylurea 18 (20.7%) 21 (15.4%)  
Other oral antidiabetic agents 13 (14.9%) 43 (31.6%)  
Insulin 26 (29.9%) 49 (36%)  
Total daily insulin dose (U) 29.1 ± 19.3 11.3 ± 19.2  
Hospital variables    
Cause of hospitalisation    
LRTI 44 (50.6%) 28 (20.6%)  
Acute cardiac condition 43 (49.4%) 108 (79.4%)  
Medication in hospital    
Steroid treatment 15 (17.2%) 20 (14.7%)  
Metformin 39 (44.8%) 32 (23.5%)  
Sulfonylurea 27 (31%) 10 (7.4%)  
Other oral antidiabetic agents 12 (13.8%) 48 (35.3%)  

BMI: body-mass index; LRTI: lower respiratory tract infection; SD: standard 
deviation
Significant p-values are shown.
Variables are expressed as number (percentage) in study sample or group or as 
mean [± SD].
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The management of hyperglycemia should be individually 
adjusted for each patient, considering other comorbidities and 
the risk factors for hyperglycemia [38]. Acute disease related stress 
and medication (steroids) in hospitalized patients induces insulin 
resistance is, if left untreated, associated with hyperglycemia.

At the same time an overly simplified dosage of insulin using 
traditional sliding scales, neglecting variable carbohydrate intake of 
meals and insulin-resistance control may result in hypoglycemia, 
which is identified as an independent risk factor for mortality [37].

Additionally, increased glycemic variability should be reduced 
due to its association with higher mortality which may be explained 
by its effect on increasing oxidative stress [39].

Yet, in clinical routine, achieving these goals is challenging. 
Patient’s nutritional status, level of consciousness and teaching as 
well as the practical limitations of glycemic monitoring have an effect 
on blood glucose levels [37]. A fine balance in glycemic management 
is important to reduce risks for adverse clinical outcomes but at the 
same keep glucose levels in the target range [38]. Only few research 
studies focus on the question about optimal handling of blood 
glucose or how to reach the best possible blood glucose control in 
hospitalized patients. The widespread use of sliding scale insulin 
(SSI) has never been well studied in the context of improved clinical 
outcomes. In fact, several studies found no benefit from the use of 
SSI, since SSI are only reactive strategies and do not incorporate the 
individual insulin sensitivities or changes in insulin sensitivity due to 
the different periods of acute illness [40-43].

In an attempt to optimize in hospital blood glucose control, we 
tested a new electronic program for the calculation of the dosage 
of short acting insulin and blood glucose management, which was 
developed and introduced in the Kantonsspital Aarau, relating 
to safety and efficiency of glycemic control. Although the sample 
size of the two groups is limited, we documented an improvement 
of glycemic control, namely a lower glycemic variability. In our 
study, we found a trend to less hypoglycemic episodes leading to an 
increased patients safety using the standardized electronic scheme. 
Even though we assume that many hospitals are increasingly using 
comparable software’s for insulin management we could not find any 
research study focusing on electronic insulin protocols.

We also analysed the in-hospital mortality and the transfer to 
the ICU, which were significantly lower in the study group. It is well 
known, that adequate glucose control is associated with lower risk 
for mortality and adverse clinical outcomes. Since the study was not 
randomized-controlled, causal inference is difficult to establish. Thus 
differences in patient outcomes may also be attributable to changes in 
the hospital logistics and seasonal changes in the patient population. 
In fact, the Medical University Hospital of the Kantonsspital Aarau 
AG has made big efforts to optimize patient processes for discharge 

the electronic insulin protocol had similar mean glucose values (8.7 
± 2.23 vs. 8.65 ± 1.58, -0.08 (95% CI -0.61 to 0.46)). The frequency 
of hypoglycemic episodes was similar in the two groups (1.46% 
vs. 1.26%, 0.42 (95% CI 0.14 to 1.25)). Yet, the glycemic variability 
was lower in the electronic insulin protocol group (8.75 mmol/l vs. 
6.38 mmol/l) This was confirmed after adjustment for age, diabetes 
type, main hospital diagnosis (LRTI or acute cardiac condition) 
and chronic therapy at admission (metformin, insulin) with a linear 
regression coefficient of -2.63 (95% CI -4.93 to -0.33). Detailed 
results of all outcomes are presented in (Table 2). Table 3 shows the 
distribution of the blood glucose values measurements during the 
first 120 inpatient hours. While the measured values of the control 
group are nearly equally distributed, clearly more values of the study 
group are in the target range of 7.1-10.0 mmol/L.

In hospital mortality and transfer to ICU have been lower in the 
study group compared to the historical control group (p < 0.05).

Discussion
Using a before-after design and focusing on two specific patient 

populations, this proof-of-concept study found a reduction in 
glucose variability and a trend towards lower risk for hypoglycemia 
with similar mean glucose levels when an electronic insulin protocol 
was used for insulin titration in hospitalized medical inpatients as 
compared to a more traditional SSI algorithm.

It is well established that well controlled blood glucose in 
hospitalized patients is an important protective factor for mortality and 
morbidity with substantial impact on wound healing and motivation 
for diabetes therapy [8,9,35]. In addition, recent studies support the 
association between recurrent episodes of hypoglycemia and adverse 
clinical outcomes, such as increased mortality, multi organ failure, 
systemic infections and a prolonged length of hospitalization [20,36]. 
International guidelines recommends premeal target of less than 7.8 
mmol/L and a random blood glucose level of less than 10 mmol/L 
for the majority of hospitalized patients with non-critical illness 
[16]. ADA-Guidelines suggest a blood glucose level between 7.8-10 
mmol/L [37]. Importantly, these targets should be reached without 
increasing the risk for hypoglycemia and high glucose variability. To 
achieve this goal, smart insulin titration schemes are urgently needed 
for routine clinical care.

Table 2: Primary and secondary outcomes: adjusted regression coefficient or odds ratio for electronic insulin protocol group to historical control group to historical 
control group.

Outcome
Control group 

(N = 87)

Study group

 (N = 136)

Adjusteda regression 
coefficient or odds ratio 

(95%Cl)
p

Mean blood glucose during the first 120 hours     
Mean blood glucose (mmol/L) 8.7 8.65 -0.08 (-0.61, 0.46)b 0.776
Glycemic range during the first 120 hours     
Hyperglycemic range ( > 10.0 mmol/L) 311 (-28.4%) 572 (-25.8%) -2.85 (-9.79, 4.09)b 0.419
Hypoglycemic range ( < 4.0 mmol/L 16 (1.5%) 28 (1.26%) -0.75 (-1.74, 0.24)b 0.138
Glucose variability during the first 120 hours     
Variability during the first 120 hours 8.75 6.38 -2.63 (-4.93, -0.33)b 0.025
Hypoglycemia during the first 120 hours     
Hypoglycemia ( < 2.9 mmol/L) during the first 120 hours 16 (1.5%) 28 (1.26) 0.42 (0.14, 1.25)c 0.12
Hospital outcomes     
Ward length of stay (days) 9.6 11.1 0.26 (-2.32, 2.84)b 0.842
In-hospital mortality 9 4 0.14 (0.03, 0.64)c 0.011
Transfer to ICU 7 2 0.13 (0.02, 0.85)c 0.034

aAdjusted for age, diabetes type, main hospital diagnosis (LRTI or acute cardiac condition), and chronic therapy at admission (metformin, insulin) bAdjusted regression 
coefficient cAdjusted regression coefficient

Table 3:  Distribution of patients across blood glucose ranges in the two groups 
during the first 120 inpatient hours.

 Control group Study group 
n 1094 2218

< 4 mmol/L 16 (1.5%) 28 (1.26%)
4.1 - 7 mmol/L 354 (30.9%) 605 (27.3%)

7.1 - 10 mmol/L 413 (37.8%) 1014 (45.7%)
> 10 mmol/L 311 (28.4%) 572 (25.8%)

Overall p-value = 0.023
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and patient monitoring which has been shown to significantly reduce 
length of stay and improve quality of care [44-49].

We tried to compare homogenous groups. However, due to the 
retrospective design, many changes in the treatment regimen have 
been undertaken between 2008 and 2013. The patients of the control 
group have been hospitalized in 2008. At that time, frequency of blood 
glucose measurements was given on a provider´s decision on a day to 
day basis. Therefore, we had many dropouts in the historical control 
group because of insufficient data. The treatment of pneumonia has 
changed towards more ambulatory treatment, hence less patients 
with pneumonia have been hospitalized in 2013 compared to 2008. 
Furthermore, the use of sulfonylurea was lower in the study group, 
since in 2013 new oral and GLP1-agonists have been available in 
2008. Oral anti diabetics and GLP1-Agonists have more often been 
stopped during hospitalization with functional insulin therapy in 
2013. Though our efforts to have comparable groups, our study has 
the limitation that there were mismatches concerning the cause of 
hospitalization and the use of oral anti diabetics. Since we investigated 
the feasibility and the safety of the electronic insulin dosing scheme, 
this should not influence the outcome of the study.

As proof-of-concept study there are further limitations to be 
mentioned. First, the analysis is based on retrospectively collected 
data in the historical control group. This may lead to a selection bias 
due to the fact that, patients with reasonable blood glucose values 
were excluded because of lack of measurements. Second, the glucose 
control in the historical control group was already on a high level of 
quality as compared to the literature [50] and differences to the new 
scheme may be small. Yet, the resulting bias would be conservative. 
Third, to limit heterogeneity of our complex polymorbid patient 
cohort, we focused on two distinct populations. Thus, our data 
may not be generalizable in other populations. Forth, as a proof-of-
concept study our data are rather hypothesis-generating and need to 
be validated in a multicenter setting including a more representative, 
heterogeneous patient cohort.

Conclusion
An electronic insulin protocol may improve blood glucose 

control with smaller glycemic variability and a trend toward less 
hypoglycemia. As the patient population gets older and sicker and 
hyperglycemia more frequent in the in hospital setting, it is important 
to have well designed electronic tools to ensure glycemic control 
during hospital stay. Toward this aim, the studied electronic insulin 
protocol is a first step to standardize, optimize and simplify the in-
hospital blood glucose management in real-life.
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