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Summary

BACKGROUND: Currently glycaemic targets of <7.8
mmol/l without hypoglycaemia are recommended for dia-
betic patients on general wards before meals. Efficient and
safe strategies to achieve these targets with subcutaneous
insulin injections outside the intensive care setting are not
well established. The aim of this trial was to evaluate a
subcutaneous insulin algorithm, which incorporates insulin
resistance due to individual features and acute illness, for
correction of hyperglycaemia in general medical wards.
METHODS: This was a two-centre, randomised controlled
trial in two Swiss hospitals. Patients with initial plasma
glucose levels >8 mmol/l were randomised to either an in-
tervention group or a control group. The primary endpoint
was the time in the glycaemic target range (5.5–7.0 mmol/
l) within the first 48 hours.
RESULTS: Patients in the intervention group (n = 67) had
significantly lower plasma glucose levels during the first
48 hours as compared with control patients (n = 63) (7.7
± 3.0 mmol/l; mean ± standard deviation [SD]) vs 9.7 ±
3.9 mmol/l, p <0.0001). The intervention group reached the
glycaemic target range earlier (median 9.5 vs 24.0 hours,
p <0.0001) and remained longer in this range (difference:
9.5 hours, 95% confidence interval [CI] 5.1, 13.9). There
were more episodes of mild hypoglycaemia in the inter-
vention group (19.4% vs 6.3%, absolute difference 13.5%,
95%CI 1.8, 24.3), with no difference in rates of severe hy-
poglycaemia.
CONCLUSIONS: Incorporation of insulin resistance
factors into a subcutaneous insulin algorithm achieved
early and sustained glycaemic control in noncritically ill
patients admitted to general medical wards without appar-
ent safety concerns. The overall clinical benefit of this
strategy remains to be determined.
The trial has been registered with www.clinicaltrials.gov
(number NCT00353431).
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Introduction

Hyperglycaemia in hospitalised patients is associated with
increased morbidity and mortality [1–5]. Although most of
the literature originates from the critical care setting, the
association between increased glucose levels and adverse
hospital outcomes also applies to noncritical-care medical
and surgical patients [2, 6]. Not only hyperglycaemia but
also hypoglycaemia is a predictor of mortality [3]. New-
er data from the VISEP and the Nice-Sugar trials indic-
ate that the lowering of glucose levels in the intensive care
unit (ICU) setting should not be too aggressive [1, 2, 4].
The American Diabetes Association and a recent guideline
of the US Endocrine Society recommend glycaemic target
levels of <7.8 mmol/l in the preprandial state in noncrit-
ically ill patients [4, 7]. However, strategies to reach this
goal safely with subcutaneous (s.c.) insulin injections out-
side the critical care setting have not been established.
Few studies of insulin strategies to improve glycaemic con-
trol in patients on surgical or medical wards have been pub-
lished [8–11]. A recent review and a meta-analysis indicate
that intensive glycaemic control in noncritically ill hospit-
alised patients may reduce the risk of infection [12].
Nonetheless, these studies are limited, either focusing only
on body mass index (BMI) to estimate insulin require-
ments, aiming at relatively high target glucose levels
(5.6–10 mmol/l), or using a retrospective study design
[8–11, 13]. BMI is not the only factor associated with in-
sulin resistance. Additional factors such as acute illness-as-
sociated inflammation and stress hormone release may be
involved [14–19]. Therefore, insulin requirements are ex-
pected to be variable in hospitalised patients and depend on
the underlying medical condition, with important intraindi-
vidual differences [20]. The extent of insulin resistance is
usually not known on admission, and insulin requirements
may change rapidly during the course of hospitalisation.
For this reason, we aimed to evaluate the effectiveness and
feasibility of an algorithm for adjustment of insulin doses
to reach glycaemic targets in acutely ill patients on medical
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wards. The insulin doses were calculated on the basis of the
actual glycaemia and an insulin resistance factor reflecting
the degree of insulin resistance (factors 1 to 4, see “Inter-
vention” below). The initial resistance factor was based on
individual features of the patient and the medical condition.
The factor was altered during the course of treatment on
the basis of the glycaemic response to the preceding insulin
dose, because the allocation of a specific factor may change
during the course of the illness. The target plasma glucose
range chosen in this study was 5.5–7.0 mmol/l, with 5.5
mmol/l considered to be a safe lower limit, in accordance
with the guidelines of the American Diabetes Association
[4].

Research design and methods

Trial profile and patient population
This was a prospective, randomised, controlled, open inter-
vention trial performed at the Departments of Medicine of
the University Hospital Basel and of the Bürgerspital So-
lothurn, Switzerland, from January 2007 to April 2010. In
both hospitals acutely ill adult patients with a wide spec-
trum of medical conditions were hospitalised on the med-
ical wards. Adult patients presenting to the emergency de-
partments of either hospital with hyperglycaemia (defined
as an initial plasma glucose level of >8.0 mmol/l) and with
a presumed in-hospital stay of >48 hours were included.
Patients were excluded if they were immediately admit-
ted to the ICU, had clinical signs of shock, terminal ill-
ness requiring palliative care, type 1 diabetes mellitus or
known pregnancy, or refused to give informed consent. Pa-
tients were randomised either to the intensive insulin group
(intervention group) or to the conventional insulin group

Figure 1

Insulin aspart dose algorithm used in the intervention group.
BMI = body mass index; CRP = C-reactive protein.

Figure 2

Trial profile.

(control group). One-to-one randomisation was used by the
two participating clinics with computer-generated lists pro-
duced by an independent statistician. Allocation was con-
cealed by the use of sealed, numbered envelopes. Blinding
of investigators with regard to group assignment of patients
was not feasible, but investigators were unaware of aggreg-
ate outcomes during the study.
The protocol was approved by both local ethics committees
and registered in the “Current Controlled Trials Database”
(ISRCTN 55224894). Written informed consent was ob-
tained from all participants. This study adheres to the con-
solidated standards for the reporting of randomised-con-
trolled trials (CONSORT) [21].

Study protocol and intervention
After initial glucose levels had been recorded, insulin ther-
apy was initiated in the emergency department according
to the randomisation arm. At this time all previous known
diabetes medication was stopped. In the control group, pa-
tients were managed in accordance with a glucose-adapted
sliding scale, with three preprandial injections of a rapid-
acting insulin analogue (insulin aspart: NovoRapid®) in
doses based on the plasma glucose concentration. For the
first 24 hours the insulin aspart doses were equal for all pa-
tients in the control group. In patients who did not reach
the target level within 24 hours, 50% of the daily rapid-
acting insulin dose was administered before bedtime as a
long-acting insulin analogue (insulin detemir: Levemir®).
All adaptations of the insulin aspart dose on the sliding
scale remained at the discretion of the treating physician.
In the intervention group, all patients were treated in ac-
cordance with a previously defined algorithm (fig. 1). In
brief, an initial insulin resistance factor (1–4) was chosen
on the basis of the baseline features of the patient. A factor
of 2 or higher was chosen if serum C reactive protein
(CRP) was >100 mg/l, or if the patient was septic or obese,
treated with glucocorticoids or pretreated with insulin at
doses exceeding 60 U per day. All patients without such a
feature started with a resistance factor of 1. After initiation
of insulin therapy, the resistance factor was modified on the
basis of the course of glycaemia. Every 2 to 4 hours plasma
glucose levels were measured using a bedside glucomet-
er (Ascensia Contour®, Bayer), and insulin aspart was in-
jected s.c. in accordance with the algorithm until the target
range was reached. Thereafter plasma glucose was meas-
ured only at standardised times (see endpoints). The gluc-
ometers expressed blood glucose readings as equivalents of
plasma glucose levels. If plasma glucose levels remained
unchanged, or decreased by less than 3 mmol/l from one
plasma glucose measurement to the next, the next high-
er resistance factor was assigned. If plasma glucose de-
creased by more than 50%, the next lower factor was as-
signed for continuation of insulin therapy. In the case of
hypoglycaemia, insulin therapy was temporarily interrup-
ted and continued with the next lower resistance factor. If
the patient was eating, the dose of insulin aspart was in-
creased according to the planned meal intake. If the target
range was not reached within 1 day, 50% of insulin aspart
dose needed in the first 24 hours was given as basal insulin
(insulin detemir: Levemir®) in two divided doses in the in-
tervention group. The study algorithm was applied whether
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the patient was a person with known diabetes or not. The
same procedure was recommended for the control group,
but it was not mandatory.
After the observation time (48 hours) all patients were
treated at the discretion of the treating physician.

Endpoints
The primary endpoint was defined as the time in the
glycaemic target range (5.5–7.0 mmol/l) during the first 48
hours after admission to the emergency room. The study
was designed to show the safety and feasibility of the pro-
tocol. Therefore, the observation time was limited to 48
hours. Prespecified consecutive plasma glucose measure-
ments were linearly interpolated to calculate the time with-
in the glycaemic target range. To avoid bias due to different
numbers of glucose measurements in the two groups, only
measurements at standardised times (7:00, 11:30, 17:00,
22:30 and 2:00) as well as the measurements at study entry
and at hospital discharge (if within 48 hours) were used.
When patients were discharged before the end of the
48-hour study period, the last available glucose value was
carried forward. Time to reach the target range, and the fol-
lowing safety outcomes were secondary endpoints: mean
potassium levels, rates of hypokalaemia defined as a po-
tassium level <3.6 mmol/l at days 1 and 2, and rates of
mild and severe hypoglycaemia defined as plasma glucose
levels of ≤3.8 mmol/l and <2.5 mmol/l, respectively.
When mild hypoglycaemia occurred 10 to 20 g of glucose
was administered orally. Plasma glucose was measured
after 15, 30 and 60 minutes and insulin therapy was restar-
ted if plasma glucose exceeded 5 mmol/l.

Laboratory methods
Admission laboratory parameters were measured using
automated standard laboratory techniques. Glycated
haemoglobin (HbA1c) values were measured using high-
performance liquid chromatography (HPLC) and Diabetes
Control and Complications Trial (DCCT) standardisation.

Statistical analysis
To estimate the required sample size we used data from
previous studies [22–25]. Assuming a mean time in target
of 20 ± 10 hours (mean ± standard deviation [SD]) during
the first 24 hours for the control insulin group, a total of
120 patients (60 patients per group) were required to detect
an increase in the time in target of 30% in the intervention
group (i.e. from 20 to 26 hours) with a two-sided α-level of
5% and power of 90%. To account for a possible dropout
rate of around 10%, we decided to stop enrolment after a
total of 130 patients had been included.
The primary statistical analysis for our primary endpoint
(time in glucose target range) was a two-sided Students t-
test including all randomised patients in accordance with
the intention-to-treat principle. Normal distribution of this
outcome was assessed graphically. We also modelled the
influence of our intervention on the primary endpoint in a
multivariate linear regression model, adjusted for the pre-
defined main predictors for insulin requirements (gender,
BMI, glucocorticoid use and previously known diabetes).
To test the possibility that specific baseline characteristics
would modify the effect of the intervention on the primary

outcome, we included interaction terms in the multivariate
linear regression model. Because the rate of early discharge
of patients was only 5.4%, no additional sensitivity ana-
lysis was performed for outpatients. Analysis of secondary
endpoints included calculation of Kaplan Meier curves for
graphical display of time to reach the target range. We cen-
sored patients who did not reach the target glucose range
at the time of their last glucose measurement, and the two
groups were compared with a log-rank test. Other binary
secondary endpoints were compared with X2-tests. Results
are means ± 1 SD.
All statistical analyses were performed with STATA 9.2
(Stata Corp, College Station, Tex). All testing was two-
tailed and p-values less than 0.05 were considered to indic-
ate statistical significance.

Results

Characteristics of the patients
A total of 130 patients were enrolled, 67 in the intervention
group and 63 in the control group (fig. 2). Their mean
age was 73 years, mean diabetes duration 10.5 years and
mean HbA1c on admission 59 mmol/mol (8.1%). The two
groups were well balanced with respect to baseline char-
acteristics and comorbidities, with no statistical differences
between groups (table 1). A total of 81% of the patients in

Figure 3

Effect of the intervention on time in glucose target range (5.5–7.0
mmol/l) overall and in subgroups. All models of multivariate
analyses were adjusted for age, gender, body mass index (BMI),
glucocorticoid use and previously known diabetes.
CI = confidence interval.

Figure 4

Cumulative proportion of patients in the two groups reaching the
glucose target range after inclusion in the study.
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the intervention group and 79% of the patients in the con-
trol group had previously known diabetes (p = 0.95). Eight
patients in the intervention group and nine patients in the
control group were newly diagnosed as patients with dia-
betes. There was no difference in BMI, use of glucocortic-
oids, initial plasma glucose levels, serum CRP, creatinine
and potassium between the two groups.
The intervention group remained longer in the target gluc-
ose range as compared with the control group (22.5 ± 10.5
hours vs 13.0 ± 14.7 hours) with a mean difference of 9.5
hours (95% confidence interval [CI] 5.1, 13.9) (table 2).

The median time to reach the target range was significantly
shorter in the intervention group than in the control group
(9.5 [95%CI 6.6, 11.5] vs 24.0 [95%CI 10.0, 29.0] hours, p
log rank <0.0001). Figure 4 displays the time to reach the
target glucose range as a Kaplan-Meier curve for each ran-
domisation arm.
There was no difference in serum potassium and rates of
potassium levels <3.6 mmol/L between the two groups.
There were more mild (<3.8 mmol/l) hypoglycaemic epis-
odes in the control group than in the intervention group
(19.4% vs 6.3%, difference 13.5% [95%CI 1.8, 24.3]).

Table 1: Baseline characteristics.

Intervention group
(n = 67)

Control group
(n = 63)

Demographics
Age (years) 72.4 ± 11.7 74.2 ± 8.8

Gender (m:f) 38:29 29:34

Diabetes history
Previously known diabetes (n, %) 54 (80.6%) 50 (79.4%)

Diabetes duration (years) 9.9 ± 7.4 11.1 ± 8.5

Insulin on admission (U) 37.3 ± 22.3 43.0 ± 32.2

Glycated haemoglobin (mmol/mol;%) 59 ± 30 (8.1 ± 2.0) 59 ± 30 (8.1 ± 2.0)

Personal history
Body weight (kg) 81.7 ± 17.5 83.2 ± 17.0

Height (cm) 168 ± 8.9 167 ± 8.7

Body mass index (kg/m2) 28.0 ± 7.4 29.3 ± 6.6

Waist (cm) 109.3 ± 12.8 112 ± 14.5

Clinical parameters
Body temperature (°C) 37.1 ± 1.1 37.3 ± 1.1

Glucocorticoid use at home
Use of glucocorticoids (n, %) 10 (14.9%) 11 (17.5%)

Dosage of prednisone (mg) 12.1 ± 11.2 10.5 ± 11.0

Initial plasma analysis
Plasma glucose (mmol/l) 13.1 ± 4.9 13.8 ± 5.7

C-reactive protein (mg/l) 57.4 ± 81.9 50.4 ± 80.9

White blood cell count (1x109/l) 13.1 ± 12.0 10.4 ± 5.1

Creatinine (μmol/l) 113 ± 86.1 119 ± 73.5 0.66

Potassium (mmol/l) 4.1 ± 0.6 4.0 ± 0.7 0.92

Table 2: Primary, secondary and safety outcomes and insulin use.

Intervention group
(n = 67)

Control group
(n = 639)

Difference (95% confidence interval) p-value

Primary outcome
Time in glucose target* (h) 22.5 ± 10.5 13.0 ± 14.7 9.5

(95% CI 5.1, 13.9)
<0.0001

Secondary outcome
Time to reach glucose target* (h) 11.8 ± 9.4 24.3 ± 18.4 –12.5

(95% CI –17.5, –7.5)
<0.0001

Safety outcomes
Hypokalaemia (potassium <3.6 mmol/l) % (n) 22.4% (n = 15) 23.8% (n = 15) –1.4%

(95% CI –15.9, 13.1)
0.84

Mild hypoglycaemia (glucose <3.8 mmol/l) % (n) 19.4% (n = 13) 6.3% (n = 4) 13.5%
(95% CI 1.8, 24.3)

0.03

Severe hypoglycaemia (glucose <2.5 mmol/l) % (n) 1.4% (n = 1) 0% (n = 0) 1.5
(95% CI –1.4, 4.4)

0.33

Insulin use in 48 hours (U)
Mean insulin aspart 64.7 ± 37.9 36.8 ± 29.4 27.9

(95% CI 44.8, 57.5)
<0.0001

Total insulin aspart 4331 2316 0.013

Mean insulin detemir 8.8 ± 11.1 7.9 ± 11.2 0.9
(95% CI 6.5, 10.3)

0.64

Total insulin detemir 591 499 0.56

*The glucose target was 5.5–7.0 mmol/l
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There was one severe (<2.5 mmol/l) hypoglycaemic epis-
ode. This occurred in the intervention group.
Multivariate linear regression analysis adjusted for age,
previously known diabetes, BMI and glucocorticoid use
demonstrated an association of the intervention with the
time in the glycaemic target range (linear regression coef-
ficient 9.5 hours [95%CI 5.3, 13.7], p <0.0001). This effect
was also found in subgroups stratified according to a medi-
an BMI of 28 kg/m2 and a median age of 75 years (fig. 3).
The effect was no longer significant for patients with cor-
ticosteroid treatment and patients without pre-existing dia-
betes.
The total use of rapid-acting insulin analogue was 4331 U
in the intervention group compared with 2316 U in the con-
trol group (p = 0.013; table 2). Mean insulin aspart use dur-
ing the study period was 64.7 ± 37.9 U in the intervention
group compared with 36.8 ± 29.4 U in the control group (p
<0.0001). Thirty patients in the intervention group received
long-acting insulin (total 591 U of insulin detemir during
the whole intervention period) compared with 36 patients
in the control group (total 499 U of insulin detemir during
the whole intervention period; p = 0.56).
Insulin detemir had no influence on time in target. The
main reason for the longer time in target was insulin aspart.
In both study groups, in patients being treated with insulin
detemir the time in the glycaemic target range was shorter
than in the groups not being treated with detemir (in the
control group 349 minutes with insulin detemir vs 1359
minutes without detemir; In the intervention group 1104
minutes with insulin detemir vs 1551.5 minutes without).
There was a strong association observed in all patients
between the number of the resistance factor established on
admission and the total amount of insulin needed to treat
the patient during the first 48 hours (regression coefficient
16.5; [95%CI 5.9, 27.1], p <0.01). The mean total amount
of insulin used increased from 50 U in patients with resist-
ance factor 0 to 104 U in patients with resistance factor 3.

Conclusions

This is the first study to evaluate the feasibility and safety
of a new s.c. insulin algorithm in noncritically ill hyper-
glycaemic patients admitted to general medical wards that
included an anticipated insulin resistance factor for the cal-
culation of insulin doses. The treatment algorithm proved
to be effective in producing earlier and sustained correction
of initial hyperglycaemia without apparent detrimental ef-
fects on patient safety. Although several newer protocols
for tight glycaemic control in the ICU have been published
[26-29], few studies from medical or surgical wards outside
the ICU have been reported since 2007 [8–11, 13]. Two re-
cent studies compared the use of a basal and bolus insulin
schedule with a sliding scale in surgical [10] and medical
patients [11]. In contrast to the RABBIT 2 trial, our study
used the same basal insulin recommendations in both
groups and included not only BMI but also insulin resist-
ance factors based on individual predisposition and on the
acute illness. In our intervention group, which had simil-
ar mean admission glucose levels (13.1 mmol/l) to those
in RABBIT 2 (12.7 mmol/l), our mean and fasting glucose
levels during the trial tended to be lower than in RABBIT 2

(7.69 mmol/l vs 9.2 mmol/l, 7.68 mmol/l vs 8.2 mmol, re-
spectively). Unfortunately, the population in the RABBIT
2 study was slightly older, insulin naïve and glucocorticoid
free.
Even in septic patients the algorithm was effective. Import-
antly, we found that the number of resistance factors was
significantly associated with the total amount of insulin
needed to correct hyperglycaemia. This indicates that con-
sideration of these factors is clinically meaningful and sug-
gests that the use of a resistance factor for the calculation
of expected insulin doses helps to reach target levels earlier
and to keep them longer within recommended ranges.
The risk of hypoglycaemia in the intervention group was
comparable to data found in the literature [22, 23, 25, 30,
31]. Only in the RABBIT 2 trial (similar number of in-
cluded patients but one prefixed measurement point fewer)
were rates of hypoglycaemia (plasma glucose <3.3 mmol/
l) three times lower than those in our intervention group.
However, as outlined above, patients in this trial tended to
have lower mean plasma glucose levels [11]. On the oth-
er hand, the study by Meyer at al showed hypoglycaemic
episodes in 30% to 35% of patients in spite of higher mean
plasma glucose levels than in our study (8.8 mmol/l during
the first four days) [9].
Limitations of our study are the relatively small number of
patients included, and the fact that the number of plasma
glucose measurements was slightly higher in the interven-
tion than in the control group. However, the frequency
and the dosage of the insulin injections were the main dif-
ferences between the groups. Significantly more bolus in-
sulin was used in the intervention group than in the con-
trol group. Therefore, we believe that the insulin algorithm
was the main reason for the improved glycaemic outcome.
Because a double-blind procedure was not feasible, the
study was designed as an open intervention trial. Hence,
“contamination” of the control with the intervention group
could have occurred. However, as a conservative bias this
favours the null hypothesis.
In summary, the present intensive insulin algorithm includ-
ing BMI, amount of insulin at home, laboratory signs of
inflammation, sepsis and glucocorticoid use as resistance
factors, resulted in improved glycaemic control compared
with conventional treatment with rigid doses of insulin,
without apparent detrimental effects on patient safety such
as hypoglycaemia or hypokalaemia. Because standardised
procedures may prove to be cost-effective and generally in-
crease patient safety, this algorithm should be evaluated in
a larger context and with “hard” endpoints in noncritically
ill patients.
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Figures (large format)

Figure 1

Insulin aspart dose algorithm used in the intervention group.
BMI = body mass index; CRP = C-reactive protein.

Figure 2

Trial profile.
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Figure 3

Effect of the intervention on time in glucose target range (5.5–7.0 mmol/l) overall and in subgroups. All models of multivariate analyses were
adjusted for age, gender, body mass index (BMI), glucocorticoid use and previously known diabetes.
CI = confidence interval.

Figure 4

Cumulative proportion of patients in the two groups reaching the glucose target range after inclusion in the study.
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