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Abstract

Background: Management of type 1 diabetes could be significantly improved with the availability of comput-
erized insulin algorithms for home use.

Methods: This was a 1-year open label randomized control trial involving 123 adult subjects with type 1 dia-
betes (hemoglobin Alc values 7.5-11%) assigned to either the insulin guidance software (ACCU-CHEK® [Roche,
Indianapolis, IN] Advisor) for personal data assistant (experimental group) or the control group. The primary
aim of the study was to see if subjects using insulin dosing advisor software will improve glucose control over
1 year. The principal end point was an improvement in Alc at 6 and 12 months by =0.4%.

Results: Baseline demographics were similar in the two groups. Mean Alc was 8.54 = 0.11% in the control
group and 8.42 + 0.11% (P = 0.4265) in the experimental group. The mean Alc was significantly lower from 3
to 12 months in the experimental group (P < 0.02). Alc reduction of =0.6% was maintained at 12 months in
the experimental group. Also, a significantly higher number of subjects achieved Alc <7.5% in the experimental
group from 3 to 9 months. Within target range glycemia (70-150 mg/dL) was higher in the experimental group
at 3-9 months without any change in insulin dose or weight. Above target range glycemia was lower in the
experimental group throughout the study. Frequency of testing per day was higher in the experimental group.
Nocturnal hypoglycemia was not different between groups; however, the experimental group experienced more
severe hypoglycemic events.

Conclusions: This is the first report that shows improved glycemic control can be maintained over 12 months
in patients with type 1 diabetes by using Advisor with no change in insulin dose and weight.

Introduction

TUDIES HAVE SHOWN that reducing hemoglobin Alc levels

can delay and/or reduce the overall risk of micro- and
macrovascular complications associated with both type 1
and type 2 diabetes.!”> Implementation of intensive diabetes
management is expensive, though there is a significant re-
duction in risk of long-term complications and cost.>” Al-
though the benefits of optimal glucose control seem clear,
the risk of severe hypoglycemia can be a barrier to achiev-
ing this goal.l*® In fact, there is nearly a threefold increase
in hypoglycemia with intensification of treatment in type 1
diabetes.! This paradox has created a need for new technol-
ogy that will facilitate optimal glucose control by recom-

mending appropriate insulin doses while decreasing the risk
of hypoglycemia.

Diabetes prevalence is rising, and there are more than 21
million people, with both type 1 and 2 diabetes (diagnosed
and undiagnosed), in the United States.®-'2 With a limited
number of endocrinologists or diabetes specialists available
in the United States, most clinical diabetes care is provided
by primary care physicians.!® Tools to help patients adjust
their insulin dose at home should help in improving their
glucose control. Several technologies such as continuous glu-
cose monitors (sensors) and glucometers (self-monitoring of
blood glucose [SMBG]) are on the market and have been
shown to help patients improve glucose excursions, reduce
glucose variability, decrease time spent in hypoglycemia and

1Barbara Davis Center for Childhood Diabetes, Departments of 2Internal Medicine, *Pediatrics, and “Preventative Medicine and Bio-
metrics, and 3School of Pharmacy, University of Colorado at Denver and Health Sciences Center, Aurora, Colorado.
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hyperglycemia, and improve Alc levels.'*~!8 Other software
available on insulin pumps can also guide patients with ad-
justment of insulin dose, especially meal-time boluses.! To
the best of our knowledge, there is no Food and Drug Ad-
ministration-approved tool for patients with type 1 diabetes
on multiple daily injections that can give insulin dosing sug-
gestions.

This is the first long-term (1-year) randomized clinical trial
that assesses the impact of the ACCU-CHEK® (Roche, Indi-
anapolis, IN) Advisor insulin dosing guidance software (Ad-
visor) on glucose control and hypoglycemia in patients with
type 1 diabetes.

Research Design and Methods

A total of 123 adult subjects with type 1 diabetes with a
baseline Alc of 7.5-11% were enrolled in the study at the
Barbara Davis Center for Childhood Diabetes at the Univer-
sity of Colorado at Denver Health Sciences Center (Aurora,
CO). The primary aim of the study was to see if subjects us-
ing insulin dosing Advisor software will improve glucose
control over 1 year. Two patients screen-failed (entry crite-
ria not met) before randomization, leaving 60 subjects ran-
domized to the control group and 61 subjects randomized to
the experimental group (Advisor). Subjects were random-
ized based on lottery system using sealed envelopes. All pa-
tients had baseline blood work that included a complete
blood count, complete metabolic panel, creatinine kinase,
and an Alc. The mean Alc at baseline was 8.54 + 0.11% in
the control group and 8.42 + 0.11% in the experimental
group (P = 0.4265).

Subjects were randomized on a 1:1 basis to either the ex-
perimental or control group. All subjects in the experimen-
tal group received the same training for the insulin guidance
software program for personal data assistant (PDA). All sub-
jects were given a glucose meter and an unlimited supply of
test strips for SMBG. Women who were pregnant or plan-
ning to become pregnant were excluded from participation
in the study, as were patients on insulin pumps, those
taking glucocorticoid therapy, and those diagnosed with
cancer, liver disease, anemia, or hepatitis. Patients who ex-
ercised more than 5 days a week or often traveled interna-
tionally were also excluded.

The protocol was approved by the Colorado Multiple In-
stitutional Review Board. All subjects signed an informed
consent form before being enrolled in the study.

Visits

All subjects were asked to attend seven in-clinic visits
(baseline, 2 weeks, 6 weeks, 3 months, 6 months, 9 months,
and 12 months) and participate in three telephone visits
(4.5 months, 7.5 months, and 9.5 months) throughout the
course of the study. Data for blood glucose values, testing
frequency, hyperglycemic excursions, hypoglycemic
events (all, nocturnal, and severe), insulin dose, weight and
body mass index, hospitalizations, emergency room visits,
and illnesses were recorded at each in-clinic visit. All sub-
jects completed a patient satisfaction questionnaire, and
the experimental group also completed an Advisor ques-
tionnaire.

As part of their routine clinical care, any additional phone
visits were equally encouraged in both groups.
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Advisor insulin guidance software

Subjects randomized to the experimental group received
a PDA loaded with the insulin guidance software (Fig. 1).
The concept behind the Advisor software is similar to bolus
calculators currently used on many insulin pumps. At base-
line (visit 1), a health care provider and/or certified diabetes
educator reviewed the features of the software on the PDA
and loaded a subject-specific insulin dosing algorithm into
the software based on the physician’s recommendations. The
software program allowed the health care provider to enter
demographic data such as age, height, and weight that could
potentially affect the insulin sensitivity factor already pro-
grammed into the device. The program advised basal, bolus,
and correction insulin dosages based on individual patients’
prescriptions in addition to being alerted for SMBG testing.
Subjects in the experimental group were also asked to input
their blood glucose values into the PDA via the touch screen.
Subjects then received a recommended insulin dose based
on their prescription, which was programmed by the health
care provider. The patients were asked to either agree with
the recommended insulin dose or disagree, and manually
enter the insulin dose they took for a given event. All the
data from the glucose meters and the PDAs were down-
loaded at every visit.

Glucose target ranges

Glucose values were captured in one of the following cat-
egories to assess target glycemia and pie charts were created.
Within target range (WTR) glucose values were those be-
tween 70 and 150 mg/dL (3.89-8.33 mmol/L).?! Below tar-
get range (BTR) glucose values were defined as =69 mg/dL
(3.83 mmol/L), and above target range (ATR) glucose val-
ues were those values above 150 mg/dL (8.33 mmol/L).

2:00 am 1730706
New Entry
Next Event

PreLunch
12:00 prn

Diary

Reports

Tools &lnfo]

FIG. 1. Advisor for PDA.
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TaBLE 1. BASELINE DEMOGRAPHICS
Control (n = 60) Experimental (n = 61) P value
Age (years) 325 33.0 0.7933
Female/male 31/29 34/27 0.6534
Weight (Ibs)? 182.2 169.1 0.1302
Body mass index?® 27.2 26.2 0.3661
Diabetes” duration (years) 17.3 17.1 0.7410
Race
Caucasian 56 (93.3) 56 (91.8) 0.7484
Other 4 (6.7) 5(8.2)

Two patients screen-failed at baseline. All baseline demographics were similar in the two treatment groups. The x? test of independence

was used for categorical variables.
aThe Wilcoxon Rank Sum test was used for continuous variables.

These glucose levels were chosen based on our previous re-
search on SMBG downloads.?!

Hypoglycemia

Hypoglycemia was defined as glucose values =59 mg/dL
(3.27mmol/L). Severe hypoglycemia was defined as subjects
needing assistance as previously described by the Diabetes
Control and Complications Trial Research Group.!

Alc and other laboratory measurements

The Alc values were measured by the DCA 2000° Ana-
lyzer, distributed by Bayer Corp. (Elkhart, IN). The DCA
2000 Alc assay gives accurate and precise results over a
range of total hemoglobin from 7 to 24 g/dL. All subjects
had hemoglobin concentrations well within these values.
Normal Alc values are 3.4-6.2%.'8 The complete blood count
(LH750, Beckman Coulter, Hialeah, FL), complete metabolic
panel (AU-5200, Olympus Japan Co. Ltd., Tokyo, Japan), and
creatinine kinase (AU-800, Olympus) were performed by
Quest Diagnostics (Denver, CO).

Statistical analysis

Wilcoxon rank sum and x? tests of independence were
used to compare continuous and categorical variables, re-
spectively, at baseline. The y? test of independence was used
to compare the number of discontinued subjects between the
two groups. A general linear mixed model approach sug-
gested by Cnaan et al.?’ was used to model the Alc curves
over time for the two groups. A general linear mixed model
approach with an unstructured covariance structure and
preplanned contrasts was used to compare the experimen-
tal and control groups on percentage of glucose readings
within, above, and below target, percentage of total hypo-
glycemic events, basal insulin dose, weight, and body mass
index. Paired t tests were used to test the within-group
change in weight from baseline to 12 months among those
who completed all 12 months. Fisher’s Exact test was used
to compare the number of patients achieving target values
between groups at each time point. Poisson regression was
used to compare the frequency of severe hypoglycemic
events between the two groups. Data are presented as least
squares mean * SE unless otherwise noted. All analyses
were performed using SAS version 9.1 (SAS Institute, Cary,

NC). Results were considered significant at P < 0.05 using a
two-sided alpha.

Results

The baseline demographics were similar in the two groups
(Table 1). Since the patients were not stratified at random-
ization based on any clinical parameters, the subjects in the
control group had a mean weight of 182.2 pounds as com-
pared to 169.1 pounds in the experimental group (P = 0.1302;
Table 1), and this weight difference, though not significant,
was reflected in baseline insulin dosages (see below).

All of the results reported below are for subjects who com-
pleted the study. However, data were analyzed as Intent to
Treat (last observation carried forward), and the conclusions
and results of that data analysis were similar with minor
changes in the P values.

Discontinued subjects

There were 22 and 19 subjects who discontinued the study
in the control and experimental groups, respectively (P =
0.565). Sixteen subjects discontinued because of scheduling
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FIG. 2. Least square mean Alc adjusted for weight signif-
icantly improved in the experimental group (squares) as
compared to the control group (diamonds) from 3 to 12
months.
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conflicts. Other reasons for discontinuing the study included
change in insulin regimen or a change in schedule not sup-
ported by the Advisor software, pregnancy, and abnormal lab
test results. The mean (* SD) baseline Alc value for discon-
tinued subjects was 8.84 == 1.1% and 8.87 * 1.1% for the con-
trol and experimental groups, respectively (P = 0.8). However,
mean Alclevels in the discontinued subjects were significantly
higher at baseline (8.83 = 1.02%) as compared to subjects who
completed the study (8.32 = 0.76%) (P = 0.0067).

Alc

The Alc was plotted over time for both groups (Fig. 2).
The plot of the data indicated that the curves for Alc for the
two groups were not linear over time and suggested that the
experimental group might be modeled quadratically, while
the control group might require a 3*4 or 4" degree polyno-
mial. A series of mixed models were considered where for
each group the mean curve was modeled using either a 15,
2nd 3rd or 4th degree polynomial. Individual patient curves
were modeled using 0-4™" degree polynomials. The models
were compared via successive differences in —2Log Likeli-
hoods as well as by the smallest A1C. The best model in-
cluded a 4" degree polynomial for the fixed effects and a 3
polynomial for the random effects with weight included as
a covariate. The two population average HbAlc curves are

P1(t) = 9.0603 — 0.00290w — 0.3577¢
+ 0.1328t? — 0.01644% + 0.000634+4

for the control group and

Py(t) = 8.9361 — 0.00290w — 0.0444¢
+0.1031£2 — 0.00952f> + 0.000304¢4

for the experimental group.
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The tests of the fixed effects for the main effect of group
and all of the interactions were highly significant (P <
0.001). Additionally, preplanned contrasts demonstrated
that the groups were significantly different at 3 months
(P =0.0098), 6 months (P = 0.0101), 9 months (P = 0.0101),
and 12 months (P = 0.0102) even though the control group
tended to improve by 12 months. Despite the improvement
in the control group, the experimental group maintained
a 0.64% reduction in HbAlc. Least square means (adjusted
for weight) illustrate that Alc was significantly lower in
the experimental group from 3 to 12 months compared to
the control group (Fig. 2). The number of subjects achiev-
ing Alc values <7.5% was significantly higher in the ex-
perimental group at 6 and 9 months (P = 0.0008 and P =
0.0076, respectively; Table 2). Seven patients in the control
group had significant improvement in Alc between 9
and12 months. In contrast, only one patient had a similar
decrease of 0.5% in Alc in the experimental group. There-
fore, at 12 months there was no significant difference in
subjects reaching target Alc values between the control
and experimental groups.

Glucose target ranges

Mixed model repeated-measures analysis of glucose
data was performed using measurements WTR (70-150
mg/dL [3.89-8.33 mmol/L]), BTR, and ATR. At 3, 6, and
9 months the mean percentage of glucose readings WTR
was significantly greater in the experimental group than
in the control group (Fig. 3a), while ATR was significantly
higher in the control group at 3, 6, 9, and 12 months (Fig.
3a). The percentage of BTR was also higher in the experi-
mental group at 3, 6, 9, and 12 months than in the control
group (Fig. 3b).

TABLE 2. PERCENTAGE OF PATIENTS ACHIEVING TARGET Alc VALUES AND
BasaL INsULIN DoOsE IN THE Two TREATMENT GROUPS

Control Experimental P value
Number of patients achieving target Alc (%) values?
6 months
<75 4 17 0.0008
<7.0 1 1 1.0000
<6.5 1 1 1.0000
9 months
<75 6 19 0.0076
<7.0 4 6 0.7409
<6.5 0 1 1.0000
12 months
<75 12 18 0.3574
<7.0 1 4 0.3609
<6.5 1 1 1.0000
Basal insulin dose (mean * SEM)P
Baseline 43 2 36 2 0.0202
6 weeks 42 =2 36 =2 0.0695
3 months 42 £2 372 0.1003
6 months 43 2 38 +2 0.1298
9 months 44 + 2 392 0.1077
12 months 46 = 2 392 0.0528

2The number of patients achieving target Alc values <7.5% was significantly higher in the experimental group at 6 and 9 months.
bThere was no difference in total, basal, or bolus insulin dose throughout the study. However, basal insulin dose was higher in the control

group at baseline.
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a Glycemic Control at 3 & 6M
Mean of Glucose Readings

Control Group Experimental Group
[ ATR: *p=0.0057
3 Months ATR I BTR: *p=0.0324
ATR
64.5 20 W WTR: *p=0.0234
CIATR: *p=0.0005
6 Months ATR I BTR: *p=0.0117
ATR 55.0
635 B WTR: *p=0.0055
“Mixed Model Repeated Measures
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b Glycemic Control at 9 & 12M
Mean of Glucose Readings

Control Group Experimental Group

] ATR: *p = 0.0004
m BTR: *p =0.0076

9 Months ATR
AR 55.0 WTR: *p = 0.0139
64.1 = P
1 ATR: *p = 0.0030
12 Montl ATR m BTR: *p =0.0036
ATR 57.5
64.9 m WTR: *p = 00610
*Moced Model Repeated Measures.

FIG. 3. Glycemic control at (a) 3 and 6 and (b) 9 and 12 months. The ATR was significantly lower and BTR was higher
in the experimental group throughout the study. However, WTR was higher in the experimental group at 3, 6, and 9 months

and was nearly significant at 12 months.

Hypoglycemia

The number of nocturnal hypoglycemic events was not
different between the two groups. However, the experi-
mental group had a significant increase in severe hypo-
glycemic events (1 = 26) as compared to the control group
(n = 8) (P = 0.040). However, eight of the 26 severe hypo-
glycemic events occurred in two patients in the experimen-
tal group. There was no death, coma, or residual neurolog-
ical deficits from any of the severe hypoglycemic events in
either group.

Blood glucose testing

All subjects were provided with an unlimited amount of
blood glucose testing strips as part of their participation in
the study. Subjects in the experimental group showed a sig-
nificant increase in number of tests per subject per day as
compared to the control group at 6 weeks, 3, 6, 9, and 12
months (Fig. 4).

Insulin dose

Mean (= SE) basal insulin dose was 43 * 2 units and 36 =
2 units at baseline in the control and experimental group, re-
spectively (P = 0.020). There was no difference between
treatment arms at any other time point in basal, bolus, and
total insulin dose (Table 2).

Body weight

There was a mean (*+ SD) increase in weight gain from
baseline to 12 months of 5.30 = 7.81 pounds and 3.44 = 10.59
pounds for the control and experimental group, respectively
(P = 0.376) despite improved glucose control in the experi-
mental group.

The control group weighed 13 pounds more than the ex-
perimental group at baseline. Both groups gained weight
during the study. The change in body mass index was small
but significant in both groups; however, there was no dif-
ference in change of body mass index between the two
groups.

Conclusions

This is the first study that documents improved glucose
control in patients with type 1 diabetes with no weight gain
or change in insulin dose from baseline to 12 months with
use of insulin guidance software.

Improvement in Alc was not associated with changes in
insulin dose, body weight, or addition of any new medical
treatment. The change in Alc could thus be explained on the
advice provided by the Advisor regarding insulin dose and
possibly because of behavior changes.

The experimental group had a lower mean percentage of
glucose readings ATR and a higher mean percentage BTR
than the control group at 3, 6, 9, and 12 months. Addition-
ally, WIR glucose readings in the experimental group were
significantly higher at 3, 6, and 9 months and nearly signif-
icantly higher at 12 months than in the control group. There
was a higher percentage of BTR readings from 3 to 12 months
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FIG. 4. Glucose testing per subject per day was signifi-
cantly increased throughout the study in the experimental
group (yellow columns) as compared to the control group
(blue columns).
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in addition to a significant increase in severe hypoglycemia
in the experimental group. We feel that Advisor did not sup-
port hypoglycemia well, and this should be reviewed in the
future development of the Advisor. However, eight of the
26 hypoglycemic events in the experimental group occurred
in two patients. We do not know if use of the Advisor re-
sulted in more hypoglycemic episodes.

There were a higher number of SMBG tests per subject per
day in the experimental group despite unlimited supply of
test strips in both groups. It has been shown that increasing
frequency of SMBG testing results in improving glucose con-
trol with intensive insulin therapy.!?? It is possible that in-
creased frequency of SMBG testing may have resulted in bet-
ter Alc values in the experimental group. However, we feel
that increased frequency of testing was due to the fact that
subjects were reminded to test and given insulin dosing sug-
gestions by the PDA and supported subjects” ongoing dia-
betes management.

We conclude that the use of Advisor can improve
glucose control in adult subjects with type 1 diabetes with-
out any further weight gain or change in insulin dose, but
with an increase of severe hypoglycemic events. Future
developments on such tools must support hypoglycemia
better.
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