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OBJECTIVEdUse of automated bolus advisors is associated with improved glycemic control
in patients treatedwith insulin pump therapy.We conducted a study to assess the impact of using
an insulin bolus advisor embedded in a blood glucose (BG) meter on glycemic control and
treatment satisfaction in patients treated with multiple daily insulin injection (MDI) therapy.
The study goal was to achieve .0.5% A1C reduction in most patients.

RESEARCHDESIGNANDMETHODSdThis was a 26-week, prospective, randomized,
controlled, multinational study that enrolled 218 MDI-treated patients with poorly controlled
diabetes (202 with type 1 diabetes, 16 with type 2 diabetes) who were 18 years of age or older.
Participants had mean baseline A1C of 8.9% (SD, 1.2 [74 mmol/mol]), mean age of 42.4 years
(SD, 14.0), mean BMI of 26.5 kg/m2 (SD, 4.2), and mean diabetes duration of 17.7 years
(SD, 11.1). Control group (CNL) patients used a standard BG meter and manual bolus calcu-
lation; intervention group (EXP) patients used the Accu-Chek Aviva Expert meter with an in-
tegrated bolus advisor to calculate insulin dosages. Glucose data were downloaded and used for
therapy parameter adjustments in both groups.

RESULTSdA total of 193 patients (CNL, n = 93; EXP, n = 100) completed the study. Significantly
more EXP than CNL patients achieved .0.5% A1C reduction (56.0% vs. 34.4%; P , 0.01).
Improvement in treatment satisfaction (Diabetes Treatment Satisfaction Questionnaire scale) was
significantly greater in EXP patients (11.4 [SD, 6.0] vs. 9.0 [SD, 6.3]; P, 0.01). Percentage of BG
values,50 mg/dL was,2% in both groups during the study.

CONCLUSIONSdUse of an automated bolus advisor resulted in improved glycemic control
and treatment satisfaction without increasing severe hypoglycemia.
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Intensive insulin therapy using multi-
ple daily insulin injections (MDI) is ef-
ficacious in achieving and maintaining

optimal glycemic control (1,2). Effec-
tive use of MDI therapy requires pa-
tients to use several factors, including
insulin-to-carbohydrate (CHO) ratios, in-
sulin sensitivity factors (ISFs), target
blood glucose (BG) range, current BG val-
ues, anticipated physical activity, and
general health status, to accurately deter-
mine their appropriate insulin doses.

Because manual calculation of insulin
boluses is complex and time-consuming,
patients may rely on empirical estimates,
which can limit their ability to achieve
treatment goals (3). Moreover, many pa-
tients are limited in their ability to perform
these calculations because of inadequate lit-
eracy and inadequate numeracy, which are
common among patients with diabetes
and are associated with poor glycemic con-
trol (4,5).

In addition to the potential for com-
putation errors, manual bolus calculation
does not take into account the effect of the
active insulin that remains from the initial
bolus ("insulin on-board"). This can
create a high potential for errors when
determining a correction bolus, poten-
tially resulting in severe hypoglycemia,
which can be debilitating, frightening,
and socially aversive (6).

Automated bolus advisors integrated
into BG meters may help overcome these
challenges, improve self-care behaviors,
and reduce the risk for long-term compli-
cations. Bolus advisors automatically cal-
culate bolus insulin doses to cover CHO
intake and address out-of-range BG levels
based on individualized insulin parameter
estimates. Several studies with patients
treated with insulin pump therapy have
shown that use of automated bolus advi-
sors facilitates improvements in glycemic
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control and reductions in hypoglycemic
events (7–10).

Although a number of small studies
have shown that the use of these devices
is also beneficial in improving glycemic
control (11,12), treatment satisfaction (11),
and overall accuracy in bolus insulin calcu-
lation (13) in MDI-treated patients, no
large randomized trials have been conduc-
ted to fully assess the impact and utility
of automated bolus advisor use in this
population.

We hypothesized that use of an au-
tomated bolus advisor would enablemore
MDI-treated patients to achieve clinically
significant improvements in glycemic
control compared with patients who cal-
culated their bolus insulin doses manu-
ally. To test this hypothesis, we designed
a large randomized trial using a new au-
tomated bolus advisor system that integra-
tes bolus calculations into a BG meter.

RESEARCH DESIGN AND
METHODSdThe Automated Bolus
Advisor Control and Usability Study
(ABACUS) was a 26-week, multicenter,
multinational, prospective, randomized,
controlled comparison between poorly
controlled (.7.5% A1C [58 mmol/mol])
MDI-treated type 1 diabetic and type 2 di-
abetic patients. Patients in the intervention
group (EXP) used a BG meter with an
embedded automated bolus advisor
(Accu-Chek Aviva Expert BGmeter; Roche
Diagnostics, Indianapolis, IN) in con-
junction with enhanced usual care. Active
control group (CNL) patients received en-
hanced usual care and manually calculated
bolus insulin dosages according to indi-
vidualized parameters. Enhanced care in-
cluded clinic visits that focused specifically
on diabetes management and patients re-
ceived free BG meters and test strips.

Patients were recruited from 30 clin-
ics in the U.K. and Germany. Patients
were identified and recruited from the
investigators’ established patient popula-
tion or fromwithin the patient population
of other physicians within their group
practice using the inclusion and exclusion
criteria. Key inclusion criteria were as fol-
lows: age 18 years or older; type 1 or type
2 diabetes treated with MDI therapy for
$6months; A1C.7.5% (58mmol/mol);
adjustment of meal insulin doses based
on CHO content of meal; and completion
of CHO training within the past 2 years.
Key exclusion criteria were as follows:
treatment with NPH insulin, premixed in-
sulin, noninsulin injectable antidiabetic
medication or oral antidiabetic agents

(except metformin); use of fixed-dose ther-
apy; or use of sliding scale insulin doses
determined exclusively by specific BG
results.

The study protocol was approved
by the National Research Ethics Service
(Redditch, U.K.) and Ethik-Kommission
der ÄrztekammerWestfalen-Lippe und der
Medizinischen Fakultät der Westfälischen
Wilhelms-Universität M€unster (M€unster,
Germany), and was in compliance with
the Helsinki Declaration (14). Written
informed consent was obtained from all
patients.

Procedures
Patient visits occurred at screening (week
minus 2), randomization (week minus 1),
and bolus advisor training or therapy
initiation (week 0); visits also occurred at
weeks 2, 4, 11, 12, 23, and 24. A de-
scription of the study procedures and visit
schedule was previously published (15).

At screening, investigators confirmed
patient eligibility for the study, obtained
written informed consent, recorded demo-
graphic information, collected relevant
medical history and lifestyle information,
documented all current medications, per-
formed physical examinations, collected
blood and urine samples, and performed
pregnancy testing for women of child-
bearing age. Patients completed a ques-
tionnaire that incorporated questions
from standard psychometric instruments
and a set of dose adjustment for normal
eating (DAFNE) plates, which provide
standardized photographs of meals with
knownCHOvalues (16). The specific plates
selected were representative of meals
common to both the U.K. and Germany
and were used to assess CHO-counting
skills. An additional worksheet was used
to assess patient knowledge relevant to
MDI therapy.

All patients received a BG meter
(Accu-Chek Nano blood glucose meter;
Roche Diagnostics) and were trained in its
operation. Patients were instructed to
generate 7-point BG profiles (preprandial
and 2-h postprandial at all main meals and
bedtime) over the course of 3 consecutive
days and to document their results on the
standardized form provided. Patients also
used the form to document meals, physical
exercise, basal insulin doses, prandial bolus
doses, and correction bolus doses over the
3-day testing period. A subset of patients
(CNL, n = 46; EXP, n = 47) used a contin-
uous glucose monitoring (CGM) device
(Dexcom Seven Plus; Dexcom, San Diego,
CA). They were instructed to wear the

device (“blinded” mode) until the second
visit in addition to completing their BG
profiles.

At the randomization visit, investiga-
tors collected the BG meters, completed
3-day glycemic profiles, and CGM devi-
ces from the patients. Meter data were
uploaded via the research version of
the Accu-Chek SmartPix device (Roche
Diagnostics GmbH,Mannheim,Germany)
to the designated secure server. Data then
were downloaded to clinic software us-
ing the commercial Accu-Chek Smart Pix
device or Accu-Chek 360 View Software
(Roche Diagnostics GmbH). Printouts
were prepared to review with patients.
CGM data were uploaded to the secure
server. Neither clinicians nor patients
had access to the CGM data for the dura-
tion of the study. Adverse events and
serious adverse events were recorded and
patients’ medications were updated. In-
vestigators conducted individualized
MDI therapy and CHO-counting training
to address knowledge deficits in patients
as identified at the screening visit. Patients
then were randomized (1:1) to the CNL
for enhanced usual care or to automated
bolus advisor use (EXP) with enhanced
usual care.

At the bolus advisor training visit, in-
vestigators collected BG meters, uploaded
BG meter data to the secure server, and
downloaded meter data to clinic software.
Adverse events and serious adverse events
were assessed and concomitant medica-
tions were updated. Investigators com-
pleted the therapy parameter cards and
instructed patients on how to use their
parameters. EXP patients were given an
Accu-Chek Aviva Expert blood glucose
meter (Roche Diagnostics) and were in-
structed to discontinue use of their current
BG meter. The Aviva Expert meter incor-
porates an automated bolus advisor, which
provides prandial and correction bolus
recommendations based on the current
BG value, planned CHO intake, and indi-
vidualized therapy parameters programmed
into the meter. The meter automatically
calculates the insulin bolus for the user
and stores BG and meal information in an
electronic diary. Investigators entered each
patient’s therapy parameters into their me-
ter and conducted 1-h training sessions
regarding its use.

At subsequent visits, investigators up-
loaded the BGmeter data, collected patient
diaries, adjusted therapy parameters as
needed, recorded adverse events and
serious adverse events, and updated con-
comitant medications. CGM data were
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uploaded (when applicable) and patient
questionnaires were administered at weeks
12 and 24. DAFNE plate assessments were
administered again at week 24.

Outcomes
The primary end point was change in A1C
from screening to 26 weeks, with an em-
phasis on the number of patients who
achieved an A1C reduction of .0.5%.
Secondary end points included changes
in glycemic variability, usage of the bolus
advisor (EXP) or insulin rule sets (CNL),
MDI/CHO-counting accuracy, and changes
in psychosocial measures.

Measures
Glucose measures. A1C analyses were
conducted by a central laboratory using
high-performance liquid chromatogra-
phymethodology (VII Turbo hemoglobin
testing system; Bio-Rad Laboratories,
Hercules, CA). Time within target range
was assessed using CGM data from the
subset of patients who used CGM dur-
ing the study. Glucose data from 3-day
glycemic profiles were derived from the
uploaded self-monitoring of BG (SMBG)
and CGM data (when applicable) and were
used to assess mean BG, frequency of
hypoglycemia (within 50–72 mg/dL) and
severe hypoglycemia (,36 mg/dL and
,50 mg/dL with associated symptoms),
frequency of SMBG tests performed, per-
centage of values within fasting and pre-
prandial and postprandial ranges, SD and
coefficient of variation across the 3-day
profiles, mean and SD differences between
preprandial and postprandial BG values
over each meal, mean amplitude of glyce-
mic excursions (MAGE), and risk for hypo-
glycemia and hyperglycemia across the
3-day profiles.
Patient adherence. Uploaded data from
the bolus advisors were used to assess the
frequency of bolus advisor use and sub-
sequent adjustments based on proposed
bolus amounts for EXP patients. Assess-
ment of CNLpatient adherencewas derived
from use of therapy parameters docu-
mented in patient diaries, which included
in the 3-day glycemic profile forms.
MDI/CHO accuracy. Changes from
baseline in the ability of patients to accu-
rately count CHOs were assessed using
the DAFNE plate assessment scores from
visits 1 and 9.
Psychosocial measures. Psychosocial
outcomes including treatment satisfaction,
social functioning, and factors important
to quality of life were assessed using the
patient questionnaire, which incorporated

questions from validated psychometric in-
struments as well as commonly used sur-
vey questions to assess depression (17),
diabetes-specific distress (18), fear of hypo-
glycemia (19), treatment satisfaction (20),
awareness of hypoglycemia (21), and
health outcomes (22). A description of
these measures was previously published
(15).

Statistical analysis
The intention-to-treat population was de-
fined as all eligible patients who partici-
pated in visit 1 (screening) and visit 2
(randomization); all efficacy and safety
analyses were performed with this pop-
ulation. The demographic and perfor-
mance characteristics of patients who
achieved A1C reduction of.0.5% during
the course of the study were considered to
be clinically relevant. For analysis, the
study population was divided into a sub-
group of patients with an absolute A1C
reduction of .0.5% from screening to
study end and a subgroup of patients
with a reduction of #0.5% or no reduc-
tion. The characteristics and behaviors
relevant to the study were reported. The
study was designed to have 90% power to
detect a mean difference of 0.5% change
in A1C levels between CNL and EXP from
baseline to study end in favor of the EXP
group. This was determined using a one-
sided, two-sample t test (a = 0.05)
assuming a common SD of 0.9% for the
intention-to-treat population.

Pearson correlation coefficients were
computed for the A1C values (weeks21,
11, and 24), BG measures from SMBG
and CGM scores for each collection visit,
other laboratory parameters, frequencies
of hypoglycemia, CHO scores, summary
scores from psychosocial questionnaires,
and all other variables of interest. For all
of these covariables, the correlation coef-
ficients for their changes from baseline
compared with the A1C parameters also
were computed. The correlation coeffi-
cients for the A1C parameters compared
with bolus advisor parameters were com-
puted for EXP participants.

Other secondary outcome variables
were compared descriptively by study
groups for each scheduled visit and for
changes between visits. Continuous vari-
ables, including scores from the question-
naires, were summarized using N, mean,
SD, median, lower quartiles, upper quar-
tiles, minimums, and maximums; cate-
gorical variables were summarized using
counts and percentages of patients in each
category. Two-sample t tests in the case of

continuous variables andx2 tests in the case
of categorical variables were performed for
group comparisons.

We assessed the effect of bolus advi-
sor use on glycemic variability as mea-
sured by MAGE in the subset of patients
who used CGM. Bolus advisor usage was
assessed by calculating the average num-
ber of times per day patients sought and
accepted bolus advice and the percentage
of time patients modified the advice, ad-
justing dosage higher or lower than rec-
ommended. The number of possible bolus
opportunities was derived from internally
“flagged” events presented in the down-
loaded meter data. Usage of prescribed
MDI rule sets by CNL patients was assessed
by examining actual use of MDI insulin-
to-CHO ratios and ISFs as reported in
the 3-day profiles.

Competency in CHO estimation was
calculated using the mean of meal errors
(MME), which indicates accuracy com-
paring the true and estimated CHO values
(i.e., average of estimated minus true CHO
contents in grams) of the selected DAFNE
plates. Variability was calculated using the
mean of meal absolute errors (MMAE)
between true and estimated values (i.e.,
average of absolute values of the differ-
ences between estimated and true CHO
contents in grams).

The Patient Health Questionnaire-8
severity score was calculated as the sum
of all items of the questionnaire’s depres-
sion scale. The major depressive disorder
was derived from the Patient Health
Questionnaire-8 score as an ordinal scale
variable with five categories ranging from
“no significant symptoms” to “severe
symptoms.” The Problem Areas in Diabe-
tes (PAID) overall score was calculated as
the sum of all the items of the PAID scale
multiplied by 1.25, resulting in a score
between 0 and100. The totalHypoglycemia
Fear Survey (HFS) behavior score was cal-
culated as the sum of the 15 items of the
HFS-II regarding behavior, and the total
HFS worry score was calculated as the
sum of the 18 items of the HFS-II regarding
worry. The total HFS-II scorewas calculated
as the sum of these two scores. The total
Diabetes Treatment Satisfaction Question-
naire status score was calculated as the
sum of the items (except items 2 and 3) of
the Diabetes Treatment Satisfaction Ques-
tionnaire at baseline, and the total change
score at the end of the study was equiva-
lently calculated from the total change score
at the end of the study items collected at
study end. Impaired awareness of hypogly-
cemia was derived as a binary variable from
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the Gold scale questionnaire. From the
EQ-5D questionnaire, the EQ-5D health
score (0 = worst health and 100 = best
health) and the EQ-5D-5L index scores (val-
ues between 0 and 1 in general) were used.
All analyses were performed using SAS soft-
ware version 9.2 (SAS Institute, Cary, NC).

RESULTSdWe screened 229 patients
for the study; 218 were randomized and
included in the intention-to-treat analysis
(CNL, n = 113; EXP, n = 105). A total of
193 patients (CNL, n = 93; EXP, n = 100)
completed the study (Fig. 1). Of the 11
patients not randomized, eight did not
meet inclusion or exclusion criteria and
three withdrew consent before randomi-
zation. After randomization, 19 patients
(CNL, n = 16; EXP, n = 3) did not comply
or withdrew consent (or both), two pa-
tients (CNL, n = 1; EXP, n = 1) discon-
tinued because of surgery or illness, one
patient (EXP) discontinued because of
pregnancy, and three patients (CNL)
were lost to follow-up or discontinued
for other reasons. Demographic charac-
teristics of the dropouts were not signifi-
cantly different between the two study
groups. Baseline patient characteristics
of all randomized patients are summa-
rized in Table 1. There were no significant
between-group differences.

Changes in glycemic measures
A1C. As a group, EXP patients experi-
enced a slightly greater reduction in mean

A1C from baseline compared with CNL
patients (20.7% [SD, 0.7] vs. 20.5%
[SD, 0.7]; D0.2%; one-sided P , 0.05).
However, significantly more EXP patients
achieved the study goal of .0.5% A1C
reduction than CNL patients (56.0% vs.
34.4%; P , 0.01) (Fig. 2). The average
A1C reduction among EXP and CNL pa-
tients (n = 88) who achieved the study
goal was 21.2% (SD, 0.5).

Although older patients (older than
30 years) in both groups were more likely
to achieve the primary outcome than youn-
ger patients (49% vs. 33%), more younger
EXP patients achieved .0.5% A1C re-
ductions than did younger CNL patients
(53% vs. 15%; P, 0.05). Additionally, the
mean age of EXP patients who achieved
the goal was younger than that of those
EXP patients who did not (42.4 [12.8]
years vs. 44.3 [14.2] years). Conversely,
the age of CNL patients who achieved the
A1C goal was older than that of those who
did not (49.4 [13.7] years vs. 41.4 [13.9]
years; P , 0.05).
Hypoglycemia. Significantly more EXP
than CNL patients reported glucose levels
,70 mg/dL (43 vs. 31; P, 0.05). Among
these patients, 11 EXP and seven CNL pa-
tients reported glucose levels ,36 mg/dL
or required third-party assistance (or both),
which was our defined measure of severe
hypoglycemia; however, the between-
group difference was not significant. There
were no significant differences in hypogly-
cemia (,70 mg/dL or ,36 mg/dL)

between patients who achieved .0.5%
A1C reductions and those who did not
achieve the goal in either study group.

We also assessed severe hypoglyce-
mia using a cut point of ,50 mg/dL. In
this analysis, 28 EXP and 22 CNL patients
reported glucose levels ,50 mg/dL with
no statistical between-group differences.
Achievement of .0.5% A1C reduction
was not associated with incidence of
,50 mg/dL in either study group. Over-
all, the percentage of BG values,50mg/dL
remained at,2% in both groups through-
out the study.
Glycemic variability. Analysis of CGM
data showed that EXPbut not CNLpatients
experienced significant reductions in mean
MAGE (220.2mg/dL [SD, 41.1; P, 0.01]
vs. 22.9 mg/dL [SD, 32.1; P = not sig-
nificant]). Even among patients who
achieved #0.5% A1C improvement, EXP
patients showed significant reductions
in MAGE compared with CNL patients
(215.3 mg/dL [SD, 29.3; P , 0.05] vs.
1.1 mg/dL [SD, 35.8; P = not signifi-
cant]). Similar improvements in MAGE
were seen in EXP patients who achieved
.0.5%, but the between-group differ-
ences (EXP vs. CNL) did not achieve sta-
tistical significance. Within the EXP
group, older patients experienced signif-
icant MAGE reductions but younger pa-
tients did not (223.8 mg/dL [SD, 42.4;
P , 0.01] vs. 0.6 mg/dL [SD, 27.8; P =
NS]). Changes in MAGE correlated with
changes in SD of glucose values (r =
0.87) and were independent of education
level, duration of diabetes, duration of
MDI, or sex.

Bolus advisor usage
EXP patients used their bolus advisor for a
significant percentage of all possible bolus
opportunities (Table 2). Patients sought
bolus advice an average of 2.9 times
(SD, 1.2) per day at the beginning of the
study; however, daily frequency of advice
sought decreased significantly (20.2 per
day; P , 0.01) during the course of the
study. Younger patients sought and ac-
cepted bolus advice less often than older
patients did. There was a slight, but not
statistically significant, difference in fre-
quency of bolus advice sought by patients
who achieved .0.5% A1C reductions
compared with patients who achieved
#0.5% A1C reduction (3.0 [SD, 1.2] vs.
2.6 [SD, 1.2] per day; P = not significant).
However, during the course of the study,
there was a significant reduction in daily
bolus advisor use frequency among pa-
tients who achieved.0.5% A1C comparedFigure 1dPatient disposition.
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with those who did not (20.4 [SD, 0.5] vs.
0.1 [SD, 0.4] per day; P , 0.01). When
modifications to bolus advice were made,
patients were two-times more likely to re-
duce their insulin than they were to increase
the dose, with no difference between age
groups. Neither frequency of bolus advisor
use nor acceptance of advice was associated
with sex or type of diabetes.

Use of MDI rule sets
Data from 3-day profiles of 96 CNL
patients (87 with type 1 diabetes, 9 with

type 2 diabetes) were analyzed. Patient-
recorded bolus calculations were checked
to determine if their stated insulin-to-
CHO ratios and ISF rules were used in a
mathematically correct manner for each
bolus calculation. Patients calculated an
average of 4.0 (SD, 1.0) boluses per day
during the study with no change in
frequency from study start to study end.
Patients correctly used their insulin-to-
CHO ratios and ISF rules 1.6 times (SD,
1.2) and 0.8 times (SD, 0.7) per day,
respectively. There was no change in

correct or incorrect usage of either pa-
rameter from study start to study end.

Changes in CHO counting
competency
At study end, EXP patients showed sig-
nificant improvements in variability
(MMAE) from 15.2 g (SD, 9.0) to 12.4 g
(SD, 7.3; P , 0.01), and a trend toward
improvement in accuracy (MME) from
1.0 g (SD, 10.1) to 0.3 g (SD, 7.1; P =
NS). Small but insignificant changes in
MMAE orMMEwere seen in CNL patients.

Changes in psychosocial measures
EXP patients reported significantly
greater improvement in treatment satis-
faction (Diabetes Treatment Satisfaction
Questionnaire scale) than CNL patients
(11.4 [SD, 6.0] vs. 9.0 [SD, 6.3]; P, 0.01).
Changes in depression, diabetes-related
distress, fear of hypoglycemia, hypoglyce-
mia awareness, and health outcomes will
be presented in subsequent study reports.

CONCLUSIONSdWe investigated
the impact and utility of automated bolus
advisor use in diabetic patients treated
with MDI therapy. Considerably more
EXP patients were able to achieve clini-
cally significant improvements in glyce-
mic control, as measured by reductions in
A1C and glycemic variability, compared
with manual bolus insulin dose calcula-
tion with no increase in severe hypogly-
cemia. These findings are consistent with
previous studies of bolus advisor use in
MDI-treated patients (11–13). Although
bolus advisor use was beneficial in both
age groups studied, it was especially use-
ful in younger adults, a population that
often finds it difficult to achieve optimal
glycemic control (23).

It is noteworthy that use of the Expert
meter did not appear burdensome; pa-
tients frequently sought bolus advice and
seldom modified the recommendations
provided, which suggests that patients
placed a high level of trust in the bolus
recommendations they received. The sig-
nificant increase in treatment satisfaction
combined with the low dropout rate in the
intervention arm contributes additional
support indicating that patients perceived
the meter to be both useful and user-
friendly, a finding that is consistent with
previous research (24). It is interesting that
A1C levels continued to improve during
the course of the study despite the small
decrease in bolus advisor use over time.
This suggests that patients not only trusted
the bolus advice provided but also learned
from their insulin-to-meal responses and,Figure 2dPercentage of patients who achieved .0.5% A1C reduction.

Table 1dPatient demographic characteristics at baseline

All CNL EXP
Pn = 218 n = 113 n = 105

Age, years (SD) 42.4 (14.0) 42.0 (14.5) 42.7 (13.5) 0.7252
Age 18–30 years, n (%) 53 (24.3) 32 (28.3) 21 (20.0)

0.2031
Age older than 30 years, n (%) 165 (75.7) 81 (71.7) 84 (80.0)
Female, n (%) 97 (44.5) 53 (46.9) 44 (41.9)

0.5448
Male, n (%) 121 (55.5) 60 (53.1) 61 (58.1)
Type 1 diabetes, n (%) 202 (92.7) 104 (92.0) 98 (93.3)

0.9146
Type 2 diabetes, n (%) 16 (7.3) 9 (8.0) 7 (6.7)
Weight, kg (SD) 78.5 (14.5) 78.9 (14.1) 78.1 (15.0) 0.6863
BMI, kg/m2 (SD) 26.5 (4.2) 26.6 (4.3) 26.3 (4.1) 0.6721
A1C, % (SD) 8.88 (1.20) 8.87 (1.26) 8.90 (1.13) 0.8585
Diabetes duration, years (SD) 17.7 (11.1) 17.3 (11.6) 18.1 (10.5) 0.5956
MDI therapy, years (SD) 11.2 (8.8) 10.7 (8.8) 11.7 (8.7) 0.4396
Daily bolus frequency (SD)* 3.5 (0.9) 3.6 (1.0) 3.4 (0.9) 0.0985
Daily SMBG frequency (SD)* 4.3 (1.5) 4.3 (1.5) 4.3 (1.5) 0.8847

*Self-reported data.

care.diabetesjournals.org DIABETES CARE, VOLUME 36, NOVEMBER 2013 3617

Ziegler and Associates



thus, required slightly less frequent bolus
advice over time. Conversely, most CNL
patients did not use their prescribed MDI
rule sets often.

Additionally, our results suggest that
use of a bolus advisor may be associated
with improvement in competency in
CHO counting by providing frequent feed-
back regarding accuracy of the patients
in estimating their CHO intake. Patients
were able to continually verify the accu-
racy of their CHO calculations through
improved postprandial glucose control
as indicated by both SMBG data and
fewer correction boluses, which can re-
duce the risk of insulin “stacking.” Thus,
automated bolus advisors may have an
additional benefit as educational tools
that can improve the effectiveness of
diabetes self-management in patients
treated with MDI. It is noteworthy, how-
ever, that MMAE (variability) appears to
have a greater impact on clinical out-
comes than MME (accuracy).

A key strength of the study was our
focus on the achievement of a specific
glycemic goal rather than group differ-
ences in A1C levels at the end of the study.
This approach allowed us to more readily
identify and describe those patient sub-
populations that are most likely to benefit
from bolus advisor use and, therefore,
lead to more personalized treatment regi-
mens. Moreover, the study design facili-
tated the gathering of clinically relevant
information about patient behaviors and
adherence to therapy. For example, as
reported, CNL patients correctly applied
their prescribed MDI rule set in,35% of
their daily bolus calculations. Although
incorrect (or lack of) use may be attribut-
able to mathematical errors, it is possible
that a portion of these patients may have
been distrustful of their parameters and,
in response, may have developed un-
known “compensatory mechanisms” for
dose calculation. This may explain im-
provements in those CNL patients who

achieved the A1C goal; however, this be-
havior could have a negative impact on
therapy adjustment if clinicians are un-
aware of these discrepancies.

A potential limitation of our study
design was the intensity of diabetes care
provided to both groups, which may ex-
plain why significant improvements were
seen in both study groups. A third “pure”
control arm with no enhanced care would
have allowed amore realistic comparison of
bolus advisor versus manual bolus calcula-
tion in real-world clinical care. Additionally,
use of the 3-day, 7-point profiles in both
groups may have impacted changes in
A1C in both groups. Also, we did not cap-
ture insulin parameters at baseline; instead,
we conducted analyses based on visit 3
measures, which may underestimate the
significance of the parameters entered at
visit 3 compared with baseline parameters.

Manual calculation of insulin boluses
is complex and time-consuming, and it
often results in dosing errors that can
limit the ability of patients to achieve their
treatment goals (3). Our findings demon-
strate that use of an automated bolus ad-
visor can be efficacious and clinically
meaningful in MDI therapy, and that
most patients are willing and able to use
this technology appropriately when ade-
quate clinical support is provided.
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