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OBJECTIVEdWe evaluated the impact of an automated decision support tool (DST) on
clinicians’ ability to identify glycemic abnormalities in structured self-monitoring of blood glu-
cose (SMBG) data and thenmake appropriate therapeutic changes based on the glycemic patterns
observed.

RESEARCH DESIGN AND METHODSdIn this prospective, randomized, controlled,
multicenter study, 288 clinicians (39.6% family practice physicians, 37.9% general internal
medicine physicians, and 22.6% nurse practitioners) were randomized to structured SMBG
alone (STG; n = 72); structured SMBG with DST (DST; n = 72); structured SMBG with an
educational DVD (DVD; n = 72); and structured SMBG with DST and the educational DVD
(DST+DVD; n = 72). Clinicians analyzed 30 patient cases (type 2 diabetes), identified the primary
abnormality, and selected the most appropriate therapy.

RESULTSdA total of 222 clinicians completed all 30 patient cases with no major protocol
deviations. Significantly more DST, DVD, and DST+DVD clinicians correctly identified the gly-
cemic abnormality and selected the most appropriate therapeutic option compared with STG
clinicians: 49, 51, and 55%, respectively, vs. 33% (all P, 0.0001) with no significant differences
among DST, DVD, and DST+DVD clinicians.

CONCLUSIONSdUse of structured SMBG, combined with the DST, the educational DVD,
or both, enhances clinicians’ ability to correctly identify significant glycemic patterns and make
appropriate therapeutic decisions to address those patterns. Structured testing interventions
using either the educational DVD or the DST are equally effective in improving data interpreta-
tion and utilization. The DST provides a viable alternative when comprehensive education is not
feasible, and it may be integrated into medical practices with minimal training.
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U se of self-monitoring of blood glu-
cose (SMBG) in type 2 diabetes has
been shown to facilitate therapy

optimization and promote healthy behav-
ioral changes, leading to improved clinical

outcomes (1–5). However, SMBG is only
useful when the glucose information is col-
lected in a structuredmanner, thedata are ac-
curately interpreted, and the results prompt
appropriate therapeutic action (1–5).

In the Structured Testing Program
(STeP) study, a large, cluster-randomized,
clinical trial, Polonsky et al. (4) demon-
strated significant reductions in HbA1c

and more timely therapeutic changes
when structured SMBG was combined
with comprehensive clinician education re-
garding data interpretation and use. The
study used a standardized seven-point glu-
cose data collection tool (Accu-Chek 3608
View blood glucose analysis system; Roche
Diagnostics, Indianapolis, IN).

A key component of the study’s inter-
vention was comprehensive physician
training in both SMBG data interpretation
and appropriate application of lifestyle
and pharmacologic therapies to address
glycemic abnormalities identified in the
SMBG data collection tool. The data collec-
tion tool was validated in an earlier pilot
study (6).

We developed an automated decision
support tool that analyzes SMBG data
from the 3608View form (Roche Diagnos-
tics) and generates a printed report that
identifies the primary glycemic abnormal-
ity and recommends appropriate thera-
peutic options. The purpose of the study
was to assess the impact of the use of
decision support tool (DST) reports on
clinicians’ ability to correctly interpret
structured SMBG data and make appro-
priate therapeutic decisions.

RESEARCH DESIGN AND
METHODSdIn this 2-month, multi-
center, prospective, randomized study,
clinicians in the DST group were com-
paredwith clinicians who used structured
SMBG, alone, structured SMBG with an
SMBG training program (DVD), and
structured SMBG with both the SMBG
training program and the decision sup-
port tool (DST+DVD). The study used 30
prepared patient cases from the STeP trial,
which were reviewed by an expert panel
of diabetes specialists. Clinicians were
asked to analyze each patient case, iden-
tify the primary abnormality, and select
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the most appropriate class of drug to treat
the abnormality identified. Clinicians
were also asked to complete electronic
questionnaires after the complete evalua-
tion of all case studies to obtain feedback
on the DST report and educational pro-
gram, according to study group.

The primary objective of this study
was to assess the impact of the use of
decision support tool reports on clini-
cians’ ability to correctly interpret struc-
tured SMBG data and make appropriate
therapeutic decisions.

Subjects
The study randomized 288 clinicians
for the study. Practice specialties inclu-
ded: family practice physicians (39.6%),
general internal medicine physicians
(37.9%), and nurse practitioners (22.5%),
who were identified and recruited using
defined clinician selection criteria. Inclu-
sion criteria were: board certification in
family practice, general internal medicine
or certified nurse practitioner; current
licensure to practice in good standing,
actively engaged in clinical practice full
time ($30 h per week), currently rec-
ommended SMBG to their type 2 diabe-
tes patients, and possessed a valid e-mail
address and computer access. Clinicians
were excluded from the study if they cur-
rently used specialized structured testing
data collection forms in their practices,
were actively engaged in educating in-
terns, residents, medical students, or
other healthcare professionals, or were
recognized as a specialist in diabetes
care.

Randomization
Eligible clinicians were randomized to
four groups using a randomization
scheme provided by the statistician to
ensure balanced representation of family
practice physicians, general internal med-
icine physicians, and nurse practitioners
in each group and that clinicians from
small and large practice groups and man-
aged care organizations were represented
among all study groups. The four study
groups were: 1) structured SMBG, alone,
using the 3608 View tool (STG; n = 72), 2)
structured SMBG with the DST (DST; n =
72), 3) structured SMBG with an SMBG
training program (DVD; n = 72), and 4)
structured SMBG with decision support
tool and SMBG training program (DST
+DVD; n = 72). Cases were presented to
each clinician in random order according
to a defined randomization scheme. All
clinicians reviewed the same cases.

Materials
Seven-Point SMBG Data Collection Tool
(Accu-Chek 3608 View). This validated
tool enables patients to record and
plot a seven-point SMBG profile (fasting,
preprandial/2-h postprandial at each meal,
bedtime) on 3 consecutive days (see Sup-
plementary Materials and Methods). The
tool allows patients to documentmeal sizes
and energy levels and to comment on their
SMBG experiences (6).
DST. The Accu-Chek 3608 Automated
DST was developed to produce an auto-
mated analysis of a 3-day structured
SMBG regimen and provide correspond-
ing medical information (see Supple-
mentary Materials and Methods). The
DST is based on the Accu-Chek 3608
View tool and supporting information
in the video “Making Sense of Your Blood
Glucose Monitoring Results.” The DST
graphs and tabulates the completed SMBG
results and provides an automated anal-
ysis of results by identifying patterns
and incidences of hypoglycemia, fasting/
preprandial hyperglycemia, and 2-h post-
prandial hyperglycemia. The DST was
supported by a brief orientation video that
was to be viewed by DST and DST+DVD
clinicians.
SMBG training program. The educa-
tional DVD program (Making Informed
Therapy Decisions Using Structured
SMBG) is a 28-min presentation that pro-
vides information about basic SMBG
pattern management, identification of gly-
cemic abnormalities, and use of SMBG
data to initiate and adjust pharmaco-
logic therapy. Content of the program is
based on the live training provided to
clinicians in the STeP study intervention
group (4).
Case studies. The Expert Panel deter-
mined the primary glycemic feature and
best therapeutic course for each case
study (see Supplementary Materials and
Methods). The case studies included
patient HbA1c, age, ethnicity, height,
weight, BMI, duration of diabetes, current
medications, patient-reported informa-
tion regarding disease management, and
completed 3608 View forms. Glycemic ab-
normalities included patterns of hypogly-
cemia (#80 mg/dL), fasting/preprandial
hyperglycemia ($111 mg/dL), and post-
prandial hyperglycemia (.50 mg/dL ex-
cursion above fasting/preprandial level).
These glucose cut points mirror the glyce-
mic thresholds used in the STeP study (4).
A breakout of the cases evaluated by study
clinicians is as follows: 1 euglycemia; 7
hypoglycemia; 15 fasting/preprandial

hyperglycemia; 5 2-h postprandial hyper-
glycemia; 1 falsified data; and 1 insuffi-
cient data. Participants reviewed the
patient case studies and completed a series
of questions for each case regarding the
primary glycemic feature and best course
of therapeutic action from the choices pro-
vided. After completing their evaluation
of all the case studies, participants were
asked to complete electronic exit ques-
tionnaires in order to provide feedback
on the DST report, 3608 View tool, and
the SMBG training DVD, based upon their
study group.

Statistical analysis
All statistical analyses were conducted
based on the per protocol set (PP). The
PP set includes all randomized clinicians
who reviewed all 30 of the case studies
without any major protocol deviations.
Major protocol deviations included: miss-
ing$5 min of SMBG training DVD; miss-
ing$1 min of the DST orientation video;
or not reviewing any of the resources be-
fore answering case study questions for
.10% of case studies.

The percentage of clinicians who
correctly identified the primary glycemic
feature was analyzed using generalized
linear mixed model with each group (STG,
DST, DVD, and DST+DVD) and type of
health care provider as fixed effects; the
empirical covariance estimator was com-
puted to account for the dependence of
all case study data from each clinician.
Multiple comparisons between the four
groups were adjusted by a simulation-
based approach in the same mixed model
procedure. Comparisons of clinicians’
ability to correctly interpret structured
SMBG data were conducted based on
the same mixed model as the following:
1) STG versus DST, benefit of DST infor-
mation on ability to correctly interpret
structured SMBG data; 2) STG versus
DVD, benefit of SMBG training; 3) STG
versus DST+DVD, benefit of DST infor-
mation and SMBG training; 4) DST ver-
sus DVD, determine if DST information
is more valuable than SMBG training;
5) DST versus DST+DVD, determine if
provision of DST information and SMBG
training is superior to provision of DST
information alone; and 6) DVD versus
DST+DVD, determine if provision of
DST information combined with SMBG
training is superior to provision of SMBG
training alone. The percentage of clini-
cians who correctly identified the appro-
priate clinical decision and percentage of
clinicians who correctly identified both

694 DIABETES CARE, VOLUME 35, APRIL 2012 care.diabetesjournals.org

Automated decision support tool for SMBG

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1351/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1351/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1351/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1351/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1351/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1351/-/DC1


the primary glycemic feature and the ap-
propriate clinical decision were analyzed
in the same manner. Data manipulation,
tabulations of descriptive statistics, and
statistical modeling and inference were
performed using SAS Version 9.1.3 (SAS
Institute, Cary, NC).

Based on previous data (6),;82% of
the STG participants were expected to
correctly interpret SMBG data on average
across all 30 case studies and the corre-
lation coefficient within each participant
were estimated to be 0.3. Additionally, we
assumed that ;15% of the participants

would not comply with the protocol. A
total of 65 participants per group were re-
quired to achieve at least 95% power to
detect a difference of 15% for each pair-
wise comparison between the four study
groups (per-comparison type I error rate =
0.0085, two-sided test; family-wise type I
error rate = 0.05). Recognizing that the
assumed 82% accuracy rate for STG clini-
cians was much higher than the actual re-
sults, 51% for identification of primary
glycemic feature and 33% for identifica-
tion of primary glycemic feature and selec-
tion of appropriate therapeutic option, we
conducted additional power analyses, re-
placing 82 with 51 and 33%, respectively.
Although the poststudy power dropped to
87% for both outcome variables, this was
still acceptable.

RESULTSdOf 582 clinicians assessed
for eligibility, 288were randomized to the
four study groups (Fig. 1). A total of 222
(77%) clinicians completed all 30 patient
cases with no major protocol deviations:
n = 61, STG; n = 50, DST; n = 53, DVD;
and n = 58, DST+DVD. Clinician charac-
teristics among the four groups differed
only by age and years in clinical practice;
STG clinicians tended to be younger with
fewer years in clinical practice than clini-
cians in the other study groups (Table 1).
Age, sex, and years in practice had no sig-
nificant main effects on clinicians’ ability
to identify the primary glycemic patterns

Figure 1dConsort diagram.

Table 1dSubject characteristics

Characteristics All clinicians STG DST DVD DST+DVD
Difference among
groups (P value*)

n 222 61 50 53 58
Type of health care provider [n (%)]
Family practitioner 85 (38.3) 22 (36.1) 20 (40.0) 20 (37.7) 23 (39.7) 0.9433
Internal medicine 87 (39.2) 22 (36.1) 21 (42.0) 21 (39.6) 23 (39.7)
Nurse practitioner 50 (22.5) 17 (27.9) 9 (18.0) 12 (22.6) 12 (20.7)

Sex [n (%)]
Male 142 (64.3) 35 (58.3) 32 (64.0) 33 (62.3) 42 (72.4) 0.4420
Female 79 (35.7) 25 (41.7) 18 (36.0) 20 (37.7) 16 (27.6)

Age (years)
n 219 59 50 53 57 0.0132
Mean (SD) 48.7 (10.7) 45.5 (10.2) 50.1 (9.8) 48.1 (11.1) 51.2 (10.8)
Minimum–maximum 28.4–79.1 28.4–69.0 29.6–67.6 28.4–79.1 30.3–76.6

Type of degree [n (%)]
MD 141 (63.8) 34 (56.7) 34 (68.0) 33 (62.3) 40 (69.0) 0.8158
DO 30 (13.6) 9 (15.0) 7 (14.0) 8 (15.1) 6 (10.3)
NP 50 (22.6) 17 (28.3) 9 (18.0) 12 (22.6) 12 (20.7)

Years in clinical practice
n 221 60 50 53 58 0.0316
Mean (SD) 16.2 (10.5) 13.0 (9.6) 17.8 (9.8) 16.7 (11.2) 17.5 (10.7)
Minimum–maximum 0.7–50.0 0.7–5.0 1.0–5.0 1.0–50.0 1.0–45.0
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or make appropriate clinical decisions.
The following results present findings
from the PP analysis set.

Identification of primary glycemic
abnormality and selection of
appropriate therapeutic option
In all cases, significantly more DST (49%),
DVD (51%), and DST+DVD (55%) clini-
cians correctly identified the glycemic
abnormality and selected the most ap-
propriate therapeutic option compared
with STG (33%) clinicians (all P ,
0.0001), with no significant differences
among DST, DVD, and DST+DVD clini-
cians (Fig. 2). Significantly fewer DST clini-
cians correctly identified and selected
appropriate treatment for hypoglycemia
compared with DVD and DST+DVD clini-
cians. There was no significant difference
between DST and STG clinicians in iden-
tifying and recommending treatment for
postprandial hyperglycemia.

Significant between-group differences
were also seen in clinicians’ ability to: 1)
identify primary glycemic features; and/or
2) select appropriate therapeutic options

associated with the glycemic patterns
identified (Table 2).

Time spent with case studies
The mean (SD) time all clinicians spent
with all of the cases was 65.66 32.9 min.
Significant differences were seen between
the STG and DST+DVD groups (63.8 6
34.9 vs. 72.06 29.6 min; P = 0.03), DST
and DVD groups (68.86 34.5 vs. 57.76
31.0 min; P , 0.01), and DVD and DST
+DVD groups (57.7 6 31.0 vs. 72.0 6
29.6 min; P , 0.001).

Exit surveys
Approximately 94% of all clinicians felt
that the information provided in the data
collection tool is more accurate than data
provided in traditional logbooks; there
were no significant between-group differ-
ences in this assessment. The majority of
clinicians (75.2%) felt that the data col-
lection tool provided more useful infor-
mation than HbA1c data; however,
significantly (P , 0.02) fewer STG clini-
cians (62.3%) agreed or strongly agreed
with this assessment than those in the

DVD (83.0%) and DST+DVD (87.9%)
groups, with no significant difference be-
tween the STG and DST groups.

Overall, .90% of DST and DST
+DVD clinicians felt the automated data
support tool provided clinically useful in-
formation and enhanced interpretation of
the SMBG data. After viewing the training
DVD, .95% of clinicians felt that they
could more accurately identify glycemic
patterns presented in the data collection
tool and that they could use the SMBG
data to adjust patient medications.

CONCLUSIONSdSMBG is most use-
ful when the glucose data are collected in
a structured manner, the data are accu-
rately interpreted, and the results
prompt appropriate therapeutic actions.
Recent studies have demonstrated that
structured SMBG has the ability to signif-
icantly improve diabetes outcomes (1–5).
The STeP study demonstrated the clinical
efficacy of structured SMBG when com-
bined with comprehensive clinician edu-
cation (4). We demonstrated that use of
structured SMBG, in combination with a
DST, SMBG training, or both, enhances
clinicians’ ability to correctly identify sig-
nificant glycemic patterns and make
appropriate therapeutic decisions to
address those patterns. Although both
the DST report and training DVD were
effective in improving ability of clinicians
to interpret data, the combination of the
two tools was superior. Although both the
DST and training DVD were also equally
effective in improving clinicians’ ability to
select the best therapeutic option, the
combination of the DST and training
DVD showed no superiority over use of
either tool. This was also evidenced
when assessing clinicians’ ability to both
interpret the data and select the most ap-
propriate therapeutic option.

However, even with the benefit of
both the DST and SMBG training, alone
or used in combination, many clinicians
did not accurately identify and appropri-
ately treat the primary glycemic abnor-
mality, according to the training and
support materials provided. Although
this could be partially explained by par-
ticipants choosing to exercise their own
clinical judgment in the case assessments,
we believe our results underscore the
need for further improvement in clinical
diabetes management.

A large majority of clinicians in all
study groups felt that the information
provided by the data collection was more
accurate than traditional logbook data

Figure 2dPercentage of clinicians who correctly identified primary glycemic abnormalities and
selected the most appropriate therapeutic option in all cases.
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and that it was more useful in making
therapy decisions than HbA1c values. In-
terestingly, this sentiment was strongest
among clinicians who used both the
DST and training DVD, thus reinforcing
the idea that structured SMBG should be
viewed as a comprehensive approach to
diabetes care rather than simply a recipe
for testing, an approach that requires a
defined algorithm for testing, the ability
to understand and interpret the glucose
data, and the ability to make appropriate
therapeutic decisions based on those data.

A key limitation of the study was
absence of a pure control arm (e.g., un-
structured glucose data presented in a
logbook) that would have assessed the
effect of use of the data collection tool
compared with use of traditional, random
glucose testing, which is normally seen in
family practice. Given the findings from
the STeP study (4) and other recent trials
(1–3,5), our results may overestimate the
level of accuracy in SMBG data interpre-
tation and therapy selection found in real-
world clinical practices where structured
SMBG is seldom used.

Our findings demonstrate that struc-
tured SMBG interventions that employ
both decision support and education are
superior to use of structured SMBG alone.

Although use of either the educational
DVD or the DST are equally effective in
improving data interpretation and utili-
zation, the DST provides a viable alter-
native when comprehensive education is
not feasible, and it may be integrated into
medical practices with minimal training.
However, given the significant percentage
of clinicians who did not identify the
primary abnormality, select the most
appropriate therapeutic options, or
both, additional training (specifically in
the area of therapeutic adjustments) may
be needed in order to optimize use of
structured SMBG in clinical practice.
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