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Abstract

Background: This study investigated the efficacy, safety, and usability of standardized glycemic management
by a computerized decision support system for non-critically ill hospitalized patients with type 2 diabetes on
four different wards.
Materials and Methods: In this open, noncontrolled intervention study, glycemic management of 99 patients
with type 2 diabetes (62% acute admissions; 41 females; age, 67 – 11 years; hemoglobin A1c, 65 – 21 mmol/
mol; body mass index, 30.4 – 6.5 kg/m2) on clinical wards (Cardiology, Endocrinology, Nephrology, Plastic
Surgery) of a tertiary-care hospital was guided by GlucoTab� ( Joanneum Research GmbH [Graz, Austria] and
Medical University of Graz [Graz, Austria]), a mobile decision support system providing automated workflow
support and suggestions for insulin dosing to nurses and physicians.
Results: Adherence to insulin dosing suggestions was high (96.5% bolus, 96.7% basal). The primary outcome
measure, percentage of blood glucose (BG) measurements in the range of 70–140 mg/dL, occurred in
50.2 – 22.2% of all measurements. The overall mean BG level was 154 – 35 mg/dL. BG measurements in the
ranges of 60–70 mg/dL, 40–60 mg/dL, and <40 mg/dL occurred in 1.4%, 0.5%, and 0.0% of all measurements,
respectively. A regression analysis showed that acute admission to the Cardiology Ward (+30 mg/dL) and
preexisting home insulin therapy (+26 mg/dL) had the strongest impact on mean BG. Acute admission to other
wards had minor effects (+4 mg/dL). Ninety-one percent of the healthcare professionals felt confident with
GlucoTab, and 89% believed in its practicality and 80% in its ability to prevent medication errors.
Conclusions: An efficacious, safe, and user-accepted implementation of GlucoTab was demonstrated. How-
ever, for optimized personalized patient care, further algorithm modifications are required.
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Background

Up to 35% of all hospitalized patients suffer from
diabetes,2,3 and hospital management costs for these

patients place a serious financial burden to public healthcare
systems.4 In addition, patients with diabetes have an in-
creased risk of infections,5 prolonged hospital stays, and
increased mortality due to insufficient insulin dosing man-
agement, which is caused by a varying degree of knowledge
on glycemic control, clinical inertia, and the fear of hypo-
glycemia.6 Considerable efforts have been made to improve
glycemic management regarding blood glucose (BG) mea-
surements, but an adequate insulin therapy in clinical
practice is still lacking in many hospitals.6,7

Guidelines have been developed to improve glycemic
management in hospitals that recommend a target range of
less than 140 mg/dL for premeal BG and less than 180 mg/dL
for a random BG measurement for non-critically ill patients
treated with insulin.8,9 These target ranges should be
achievable by scheduled subcutaneous insulin dosing with
basal, nutritional, and a correctional component.8,9 The
guidelines also suggest the development and evaluation of
evidence-based computerized decision support systems, in-
cluding computerized insulin and BG data display that will
not only improve glycemic control but also workflow and
communication among healthcare professionals.6

Paper-based algorithms for basal bolus insulin therapy
have been developed that increase the quality of glycemic
control and reduce hospital complications.10–12 Within the
framework of a European Commission–funded project (FP7
248590), we have modified and tested standardized rec-
ommendations of a paper-based insulin dosing algorithm
to comply with daily workflow requirements on general
wards.13 This modified algorithm was then implemented in
a mobile decision support system for basal bolus insulin
dosing, the GlucoTab� system ( Joanneum Research GmbH
[Graz, Austria] and Medical University of Graz [Graz,
Austria]), which was subsequently customized and tested in
a clinical study with 30 patients.14

In the current study, the final mobile version of the Glu-
coTab system was used for the first time to guide the gly-
cemic management process on four different general wards in
the Departments of Internal Medicine and Surgery. The
purpose of this study was to investigate the efficacy, safety,
and usability of a standardized glycemic management with
the GlucoTab system for non-critically ill patients with type 2
diabetes mellitus.

Materials and Methods

This study was an open, noncontrolled interventional
study in hospitalized patients with type 2 diabetes mellitus.
The study was conducted on four general wards of a tertiary-
care hospital (Medical University of Graz). The partici-
pating wards were Endocrinology, Cardiology, Nephrology
and Plastic Surgery, which are each independently managed
by the respective division. All patients gave written in-
formed consent prior to any study activity, and the study was
approved by the ethical board of Medical University of Graz
(protocol number EK-No. 25-344 ex 12/13). This study was
conducted in full accordance with the principles of the
Declaration of Helsinki.

Patient characteristics

The GlucoTab system was subsequently implemented on
the four participating general wards. In total, 99 hospitalized
patients were competitively recruited from May 2013 to
December 2013. Hospitalized patients who met the inclusion
criteria were included in the study after they consented to
participate. The demographic and clinical characteristics of
the study participants are presented in Table 1. Inclusion
criteria were as follows: age ‡18 years and type 2 diabetes
(treated with diet, oral antidiabetes drugs, non–insulin-
injected antidiabetes drugs, insulin therapy, or any combination
of the four therapies) or newly diagnosed hyperglycemia
requiring subcutaneous insulin therapy. Patients were swit-
ched to insulin therapy in the case of hyperglycemia judged
by the treating physician according to evidence-based rec-
ommendations to use insulin therapy as the preferred method
for glycemic control in hospitalized patients.8,9 Glycemic
management with the GlucoTab system was not performed
for patients with the following exclusion criteria: type 1 di-
abetes, gestational diabetes, any condition which the inves-
tigator or treating physician felt would interfere with the
study or the safety of the patient, pregnancy, any mental
condition rendering the patient incapable of giving consent,
known or suspected allergy to insulin glargine or insulin
aspart, continuous parenteral nutrition, or participation in
another study that could interfere with this study.

Standardized glycemic management with GlucoTab

GlucoTab is a mobile computerized clinical decision
support system for subcutaneous insulin therapy that supports
nurses and physicians in glycemic management of hospital-
ized patients in two main tasks: First, it assists clinical
healthcare professionals in organizing the treatment work-
flow of patients with type 2 diabetes mellitus by providing
automated workflow support, including display for open
tasks, facilitating documentation and providing visualization
of BG values, nutrition and insulin doses. Second, it provides
two standardized recommendations based on a basal-bolus
insulin titration protocol10–12,14 for (1) the total daily insulin
dose, which is prescribed by the treating physician during the
ward round, and (2) insulin dose suggestions for individual
insulin administrations before each meal, at bedtime, and
after intermediate BG measurements, if required. After
confirmation of the suggested insulin dosage, the insulin is
injected subcutaneously by an authorized nurse.

The standardized recommendations for insulin dose cal-
culation, based on the modified basal bolus insulin titration
protocol,10–12,14 consist of a daily dose of basal insulin (in-
sulin glargine; Sanofi-Aventis, Frankfurt am Main, Germany),
bolus insulin (insulin aspart; NovoNordisk, Bagsværd, Den-
mark) before each meal, and a correctional dose at bedtime to
achieve fasting and premeal BG values of less than 140 mg/
dL.8,9 Insulin therapy was started with a total daily dose of 0.5
units/kg of body weight. The initial total daily dose was re-
duced to 0.3 units/kg of body weight in patients ‡70 years of
age and/or with creatinine values of ‡2.0 mg/dL. In case the
patient had already been on insulin therapy, the protocol al-
lowed use of the former total insulin dose as the initial dose,
which could be adjusted by the treating physician. One-half of
the total daily dose was administered as basal insulin once a
day before lunch. The other half was administered as bolus
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insulin three times a day (45% of the total dose for breakfast
bolus, 25% for lunch bolus, and 30% for dinner bolus). The
total daily dose was adjusted by the treating physician during
the ward round. Therefore the basal insulin was administered
after the ward round at lunchtime.

The following safety features were implemented into the
GlucoTab system: if a patient would not eat, basal insulin was
administered, but the prescribed bolus insulin was withheld,
and correctional bolus doses were administered for the regu-
lation of particular BG values if required. The GlucoTab
system also took into account the amount of bolus insulin that
was still active in the patient’s body from a previous dose
(‘‘insulin on-board’’), by reducing bolus insulin by 25% per
hour.15 Another safety feature was to reduce the dose of basal
insulin if the current basal dose injection was delayed. At any
time, the healthcare professionals could overrule the suggested
insulin dose and perform additional BG measurements.

At the beginning of the standardized glycemic manage-
ment, a patient’s preexisting antidiabetes therapy with gli-
nides, sulfonylureas, and glitazones was stopped, and patients
were assigned to receive standardized glycemic management
according to the GlucoTab recommendations. Metformin
and/or incretin-based therapies were maintained if there was

no contraindication. At discharge, patients returned to their
previous antidiabetes treatment, unless the treating physician
prescribed continuing the insulin therapy performed during
the study or changing to another insulin therapy.

All nurses and physicians were instructed on the study
protocol, study-specific procedures, handling the GlucoTab
system, and Good Clinical Practice before the start of the
study. Healthcare professionals were invited to participate in
a workshop about diabetes before study start and to fill out an
usability questionnaire at the end of the study.

Capillary BG values were measured by using a point-of-
care testing device (ACCU-CHEK� Inform system; Roche
Diagnostics, Rotkreuz, Switzerland), which is integrated into
the laboratory quality management system. Capillary BG
measurements and insulin dosing were performed and
documented by the nurse on duty.

CGM (iPro�2; Medtronic, Northridge, CA) data were
available for a subset of 35 patients from 42 patients in total
on the Endocrinology Ward; one patient lost the sensor, three
patients had too few data points for analysis, and for another
three patients no sensor transmitter was available. As CGM
data were analyzed retrospectively, the treatment was not
influenced by these data.

Table 1. Clinical Characteristics of the Study Population

Variable
Total

(n = 99)
Nephrology

(n = 15)
Cardiology

(n = 30)
Endocrinology

(n = 42)
Plastic surgery

(n = 12) P

Gender, female [n (%)] 41/41 3/20 12/40 20/48 6/50 0.28
Ethnicity (Caucasian/African) 98/1 15/0 30/0 42/0 11/1 0.13
Age (years) 67 – 11 64 – 8 70 – 12 67 – 11 65 – 10 0.31
Body mass index (kg/m2) 30.4 – 6.5 31.0 – 5.4 29.4 – 6.8 31.1 – 6.8 29.4 – 6.3 0.57
Weight (kg) 88 – 21 92 – 17 84 – 24 89 – 20 86 – 17 0.22
Serum creatinine (mg/dL) 1.8 – 1.5 3.8 – 2.1 1.4 – 0.9 1.6 – 1.3 1.0 – 0.2 < 0.05a

Renal dialysis (n) 9 6 1 2 0 —

HbA1c 0.13
mmol/mol 65 – 21 57 – 10 65 – 21 70 – 24 55 – 13
% 8.1 – 4.1 7.4 – 3.1 8.1 – 4.1 8.6 – 4.4 7.2 – 3.3

Diabetes duration (years) 13.6 – 8.9 13.2 – 8.3 11.4 – 7.7 15.1 – 9.6 13.9 – 9.6 0.51

Pre-admission diabetes therapy [n (%)] 0.60
Diet only 3 (3) 0 (0) 1 (3) 2 (5) 0 (0)
OAD only 16 (16) 0 (0) 6 (20) 8 (19) 2 (17)
Insulin only 55 (56) 12 (80) 13 (44) 24 (58) 6 (50)
OAD, GLP-1 analogs 1 (1) 0 (0) 0 (0) 1 (2) 0 (0)
Insulin, OAD 22 (22) 3 (20) 9 (30) 6 (14) 4 (33)
Insulin, GLP-1 analogs 2 (2) 0 (0) 1 (3) 1 (2) 0 (0)

Admission type [n (%)] < 0.05b

Planned 38 (38) 6 (40) 17 (57) 8 (19) 7 (58)
Acute 61 (62) 9 (60) 13 (43) 34 (81) 5 (42)

Admission diagnosis [n (%)] —
Hematological disease 1 (1) 1 (7) 0 (0) 0 (0) 0 (0)
Gastrointestinal disease 1 (1) 1 (7) 0 (0) 0 (0) 0 (0)
Endocrine disease 11 (11) 0 (0) 1 (3) 10 (24) 0 (0)
Cardiovascular disease 44 (44) 4 (27) 29 (97) 11 (26) 0 (0)
Neurological disease 1 (1) 1 (7) 0 (0) 0 (0) 0 (0)
Infectious disease 23 (23) 1 (7) 0 (0) 19 (45) 3 (25)
Renal disease 8 (8) 7 (47) 0 (0) 1 (2) 0 (0)
Musculoskeletal disease 9 (9) 0 (0) 0 (0) 1 (2) 8 (58)
Other 1 (1) 0 (0) 0 (0) 0 (0) 1 (8)

aSignificant difference between Cardiology and Nephrology, Cardiology and Plastic Surgery, Endocrinology and Nephrology,
Endocrinology and Plastic Surgery, and Nephrology and Plastic Surgery.

bSignificant difference between Cardiology and Endocrinology and between Endocrinology and Plastic Surgery.
GLP-1, glucagon-like peptide-1; HbA1c, hemoglobin A1c; OAD, oral antidiabetes drug.
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Statistical analysis

A sample size calculation was performed in order to test
the study hypothesis by using a one-tailed one-sample t test
weighted by the total number of BG measurements per sub-
ject, with a 5% level of significance and a power of 95%.

In order to test whether the mean percentage of BG mea-
surements in the target range 70–140 mg/dL (primary out-
come) was greater than the recent best-practice study with the
criterion value of 42%,12 we applied an one-tailed one-
sample t test, weighted by the total number of BG measure-
ments per subject. The level of significance was set to 5%.

The wards were compared by using the nonparametric
Kruskal–Wallis rank sum test (metric variables) for analysis
of secondary outcomes because patients were unequally
distributed among the wards, with some table cells being
unacceptably small for an analysis of variance. In case of a

significant Kruskal–Wallis test, we performed pairwise
comparisons by using the (nonparametric) Mann–Whitney U
test. Fisher’s exact test was used for nominal scales. No
corrections for multiple testing were used, and the level of
significance was set to 5% for all tests.

Finally, a multiple regression model to predict the mean
daily BG value over all study days, except study Day 1, was
fitted to the data. Study Day 1 was excluded because of in-
complete datasets. Variables were sex, age, creatinine, he-
moglobin A1c (HbA1c), body mass index, first total daily
insulin dose per kilogram of body weight, diabetes duration,
preexisting home insulin therapy at admission (yes, no), oral
antidiabetes drugs at admission (yes, no), clinical ward, ad-
mission type (planned, acute), and the interaction between
admission type and clinical ward. Model simplification was
performed by using Akaike’s information criterion. Statistical
analysis was performed using R version 2.13.1 software.16

Table 2. Efficacy, Safety, and Usability of the GlucoTab System on Different General Wards

Variable
Total

(n = 99)
Nephrology

(n = 15)
Cardiology

(n = 30)
Endocrinology

(n = 42)
Plastic surgery

(n = 12)

Length of study (days) 7.8 – 4.5 8.5 – 5.4 6.8 – 4.1 8.8 – 4.4 5.9 – 3.7

Implementation (%)
Performance of expected

BG measurement 95.2 92.4 97.2 94.8 98.4
Bolus insulin injections 94.2 96.8 97.4 93.2 86.5
Basal insulin injections 99.4 100 100 98.7 100

Adherence to
Total daily insulin dose 97.5 98.5 97.5 98.0 92.9
Bolus dose suggestion 96.5 94.3 97.2 96.3 95.1
Basal insulin suggestion 96.7 91.1 96.3 96.8 91.0

Efficacy and safety
BG (mg/dL)

Mean daily 154 – 35 162 – 34 163 – 33 150 – 35 134 – 31
Mean prebreakfast 147 – 43 151 – 38 156 – 47 147 – 44 119 – 28
Mean prelunch 170 – 54 197 – 59 179 – 58 163 – 50 137 – 36
Mean predinner 153 – 41 141 – 51 164 – 40 146 – 36 164 – 42
Mean bedtime 153 – 39 165 – 41 164 – 31 146 – 39 136 – 42
Pre-enrollment 188 – 73 185 – 43 173 – 58 204 – 88 158 – 55

BG in target 70–140 mg/dL (%)a 50.2 – 22.2 39.3 – 13.7 40.7 – 18.9 52.3 – 20.7 64.9 – 24.6

BG in different ranges (%)
< 40 mg/dL 0.0 0.0 0.0 0.0 0.0
40 to <60 mg/dL 0.5 0.2 0.0 0.8 0.4
60 to <70 mg/dL 1.4 0.8 0.3 2.2 1.3
70 to <180 mg/dL 72.5 64.6 70.6 74.4 83.7
180 to <300 mg/dL 22.9 29.4 27.2 20.0 14.2
‡ 300 mg/dL 2.7 5.0 1.9 2.6 0.4

Antihyperglycemic therapy
First calculated TDD (IU)b 38.9 – 21.7 33.6 – 11.3 33.5 – 16.6 44.8 – 27.5 38.3 – 15.1
First TDD/kg of body weight (IU) 0.43 – 0.19 0.36 – 0.10 0.39 – 0.11 0.49 – 0.24 0.44 – 0.14
Mean daily injected insulin dose during study (IU)

Injected bolus insulin dose 28.5 – 19.2 27.3 – 14.9 25.8 – 12.3 32.5 – 25.1 21.0 – 6.7
Injected basal insulin dose 22.9 – 18.2 21.0 – 7.6 17.8 – 8.6 28.7 – 25.0 17.1 – 7.4

Concomitant drugs (n)
Patients with OADs 36 2 13 14 7
Patients with GLP-1 analogs 6 0 2 4 0
Patients with steroids 4 1 1 1 1

aPrimary end point. Significant differences occurred between Endocrinology and Cardiology (P = 0.02), Plastic Surgery and Nephrology
(P = 0.01), Plastic Surgery and Cardiology (P = 0.02), and Nephrology and Endocrinology (P = 0.01).

bTotal daily dose (TDD) might deviate from the injected total insulin dose of Day 1 depending on the time of day when a patient was
started on GlucoTab therapy.

BG, blood glucose; GLP-1, glucagon-like peptide-1; IU, international units; OAD, oral antidiabetes drug.
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Results

Implementation of standardized glycemic management

The standardized workflow support with the GlucoTab
system was highly accepted by healthcare professionals on all
participating clinical wards as indicated by the performance
of the expected BG measurements and the adherence to in-
sulin dose suggestions (Table 2).

In total, physicians adhered to the suggested total daily
insulin doses in 97.5% of cases (Table 2 and Fig. 1), and
nurses’ adherence rates with suggested bolus insulin doses
and basal insulin doses were 96.5% and 96.7%, respectively.
If corrections were performed by healthcare professionals,
the changes were relatively small: 0.7 – 1.6 international inits
(IU) for bolus insulin and 0.9 – 2.8 IU for basal insulin.

Efficacy of standardized glycemic management

By using the GlucoTab system, the percentage of BG
values in the target range increased over time in all partici-
pating clinical wards (Fig. 1). Overall, the mean percentage
of BG measurements in the target range 70–140 mg/dL was

50.2 – 22.2%, which was significantly higher than the crite-
rion value of 42% deriving from a recent best-practice study
(P = 0.001).12 Of the patients, 72.2% had a reduction of the
mean BG during hospital stay compared with the estimated
BG based on HbA1c at admission.17 In all patients with an
estimated average BG of >200 mg/dL, based on the HbA1c,
the mean BG during the study was improved (Fig. 1C). The
overall mean of 2,466 BG measurements was 154 – 35 mg/
dL. Details of glycemic management across the clinical
wards are shown in Table 2.

The percentage of BG in the target range 70–140 mg/dL
was highest on the Plastic Surgery Ward (64.9 – 24.6%).
The lowest value was found on the Nephrology Ward
(39.3 – 13.7%). Analysis of the CGM data of patients on
the Endocrinology Ward indicated that more than half of
the study time (54.0%) subcutaneous BG values were in the
target range of 70–140 mg/dL (Fig. 2) and confirmed that
reference BG values were representative (52.3% in the
target range; Table 2).

Although these observations suggest variations within
glycemic management among the clinical wards, a regression
analysis to predict the mean daily BG value showed that the

FIG. 1. (A) Mean percentage of premeal and bedtime
blood glucose (BG) values in different ranges of standard-
ized glycemic management for patients on different wards.
(B) Total, bolus, and basal insulin dose (mean – SE) of
standardized glycemic management for patients on different
wards. Insulin dose on Day 1 was lower depending on the
time of day when a patient was started on GlucoTab therapy.
IU, international units. (C) Comparison of estimated BG
based on hemoglobin A1c level at admission with mean BG
during hospital stay.
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BG value was not affected by a specific clinical ward. Pa-
tients with preexisting home insulin therapy at admission
had, on average, higher (+26 mg/dL) mean daily BG values
during the standardized glycemic management than patients
without preexisting home insulin therapy. Particularly on the
Cardiology Ward the type of admission had a strong impact
on the mean daily BG value. Acutely admitted patients on the
Cardiology Ward had on average higher (+30 mg/dL) mean
daily BG values than patients with acute admissions at the
other wards (+4 mg/dL). Furthermore, the regression analysis
showed that a higher first insulin dose per kilogram of body
weight by 0.1 IU or a lower HbA1c value at admission by
10 mmol/mol was associated with a lower mean BG by 5 mg/
dL and 4 mg/dL, respectively.

Safety of standardized glycemic management

The number of hypoglycemic events on the different wards
using the GlucoTab system was comparable (Table 2). No
severe hypoglycemic event below 40 mg/dL was observed.
Of all measurements in the range 40 to <60 mg/dL, 0.5%
occurred in nine different patients. Of the measurements in
the range of 60 to <70 mg/dL, 1.4% occurred in 24 different
patients. In patients on the Endocrinology Ward, the analysis
of the CGM data confirmed a low risk for developing hypo-
glycemia: 0% and 1.2% for measurements in the ranges
<40 mg/dL and 40 to <60 mg/dL, respectively (Fig. 2).

Twenty-eight mild and moderate adverse events and one
serious adverse event (stent thrombosis) occurred. None of
these events was recognized as related to the GlucoTab
system.

Usability of standardized glycemic management

At the end of the study, 65 healthcare professionals com-
pleted a questionnaire (54 women and 11 men; mean age,
36 – 11 years; 51 nurses, 14 physicians). Forty-two health-

care professionals had previous experience with the use of
mobile devices. Fifty-nine healthcare professionals (91%)
felt confident in performing glycemic management with the
GlucoTab system. Fifty-eight healthcare professionals (89%)
believed that the system was practical to use in daily clinical
routine. Fifty-two participants (80%) stated that using Glu-
coTab could prevent medical errors associated with drug
prescriptions. Fifty-six healthcare professionals (86%) an-
swered that when using the system, physicians had to be
consulted less often about glycemic management. Fifty-five
healthcare professionals (85%) stated that glycemic control
was more efficient when using the GlucoTab system. Dif-
ferent perceptions of workload were assessed. Thirteen
healthcare professionals indicated a workload increase, 33
indicated a workload decrease, and 12 indicated no change in
the workload, when using the GlucoTab system. Seven
healthcare professionals did not answer this question.

Discussion

Our data indicate that standardized glycemic management
guided by the GlucoTab system for workflow and decision
support can be implemented efficiently and safely and is user-
accepted in different wards in a tertiary-care hospital. Of the
BG measurements, 50.2 – 22.2% were in the target range (70–
140 mg/dL) by using the GlucoTab. Moreover, the system
was implemented without any occurrence of severe hypogly-
cemia and with a high acceptance rate among healthcare
professionals.

The high number of BG measurements and insulin injec-
tions performed according to suggested standardized care
showed that the GlucoTab system was highly accepted and
continuously used by healthcare professionals and that it was
able to successfully guide the glycemic management process.
This was also confirmed by the user questionnaire and by the
tight adherence of healthcare professionals to the suggested

FIG. 2. Daily continuous glucose monitoring profiles and reference blood glucose values (black circles = reference blood
glucose values) in 35 patients on the Endocrinology Ward. Q, quartile.
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insulin doses. Adherence of healthcare professionals was
considerably higher than in previous studies.18,19 Schnipper
et al.19 performed a study on computerized order sets and
reported that 67% of the patients received an adequate initial
dose of nutritional insulin and that in only 37% of the pa-
tients’ insulin orders were changed.

In our study, differences regarding glycemic control
among the wards were observed, although adherence rates to
insulin dosing and BG measurement suggestions of the
GlucoTab system were comparable on the participating
clinical wards. However, a regression analysis revealed that
ward assignment was not an appropriate variable to predict
the mean BG value. In this analysis, an acute admission
influenced the glycemic control on all wards, and the stron-
gest influence of an acute admission on BG was found on the
Cardiology Ward (+30 mg/dL). We assume that these find-
ings may be related to myocardial infarction, which is the
predominant diagnosis of acute admission on the Cardiology
Ward and which is associated with local and systemic in-
flammation20 leading to impaired glycemic control and
possible linkage to poor cardiac outcome.21

According to our regression analysis, further modification
of the basal bolus algorithm may be required for a more
personalized care in the acute phase of cardiac events.

Higher mean BG measurements were observed not only on
the Cardiology Ward, but also on the Nephrology Ward. It is
surprising that the creatinine value did not influence the mean
daily BG value according to the regression analysis. Thus, we
assume that the lower first total daily insulin dose may be
responsible for the less stringent glycemic control in patients
on the Nephrology Ward. This lower first total insulin dose
was a strong predictor for impaired glycemic control in the
model. According to the algorithm design, the initial dose
was reduced from 0.5 to 0.3 IU/kg of body weight if a cre-
atinine value was >2 mg/dL. However, a recent randomized
controlled trial in patients with a glomerular filtration rate of
<45 mL/min showed that an insulin starting dose of 0.25 IU/
kg of body weight did not worsen glycemic control when
compared with the control group that used an insulin starting
dose of 0.5 IU/kg of body weight. The authors speculated that
in these patients the insulin resistance might be a key element
of impaired glycemic control.22

According to the regression analysis, preexisting home
insulin therapy and the HbA1c values in addition to the type
of hospital admission and the first total daily insulin dose are
essential factors that influence the mean BG values during
hospitalization. Thus, these factors have the potential to be
used for a more personalized algorithm.

In our study the risk of hypoglycemia was low. None of the
BG values was below 40 mg/dL. Hypoglycemic events were
evenly distributed among patients. The percentages of BG
measurements in the different hypoglycemic ranges and in
the target range were similar to those found in comparable
studies.11,12,23,24

Several limitations of our study have to be addressed. The
present study was a noncontrolled clinical study. However, a
retrospective assessment of glycemic control on two wards
participating in this study achieved 57% (Endocrinology) and
51% (Cardiology) in the range of 70–180 mg/dL in routine
care. In addition, the results of a previously published pro-
spective controlled study on these two wards showed that
patients in a paper-based basal bolus algorithm group had a

significantly higher percentage of BG measurements in the
range of 70–180 mg/dL than patients in routine care group
(73% vs. 53%). These data indicate that glycemic control was
improved by the use of the GlucoTab system compared with
routine care.7,13

Because of the competitive recruiting process, the number
of included patients per ward differed considerably, and re-
sults from the different wards and the regression analysis can
only be interpreted with caution. The implemented target
range of less than 140 mg/dL for premeal BG measurements
may have to be reconsidered for certain populations in hos-
pital care. Modified algorithms (e.g., for geriatric patients
with individualized target ranges25) need to be developed and
evaluated.

In conclusion, our data demonstrate that the GlucoTab
system allowed an efficacious, safe, and user-accepted im-
plementation of standardized glycemic management in dif-
ferent general wards of a tertiary-care hospital. Consequently,
the system can support healthcare professionals in improving
glycemic management relying on evidence-based guidelines
for non-critically ill hospitalized patients.
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