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OBJECTIVE—To assess the effectiveness of structured blood glucose testing in poorly controlled, noninsulin-treated type 2 diabetes.
RESEARCH DESIGN AND METHODS—This 12-month, prospective, clusterrandomized, multicenter study recruited 483 poorly controlled (A1C $7.5%), insulin-naïve
type 2 diabetic subjects from 34 primary care practices in the U.S. Practices were randomized
to an active control group (ACG) with enhanced usual care or a structured testing group (STG)
with enhanced usual care and at least quarterly use of structured self-monitoring of blood
glucose (SMBG). STG patients and physicians were trained to use a paper tool to collect/interpret
7-point glucose proﬁles over 3 consecutive days. The primary end point was A1C level measured at
12 months.
RESULTS—The 12-month intent-to-treat analysis (ACG, n = 227; STG, n = 256) showed
signiﬁcantly greater reductions in mean (SE) A1C in the STG compared with the ACG:
21.2% (0.09) vs. 20.9% (0.10); D = 20.3%; P = 0.04. Per protocol analysis (ACG, n = 161;
STG, n = 130) showed even greater mean (SE) A1C reductions in the STG compared with the
ACG: 21.3% (0.11) vs. 20.8% (0.11); D = 20.5%; P , 0.003. Signiﬁcantly more STG patients
received a treatment change recommendation at the month 1 visit compared with ACG patients,
regardless of the patient’s initial baseline A1C level: 179 (75.5%) vs. 61 (28.0%); ,0.0001. Both
STG and ACG patients displayed signiﬁcant (P , 0.0001) improvements in general well-being
(GWB).
CONCLUSIONS—Appropriate use of structured SMBG signiﬁcantly improves glycemic control and facilitates more timely/aggressive treatment changes in noninsulin-treated type 2 diabetes without decreasing GWB.
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S

elf-monitoring of blood glucose
(SMBG) is widely recognized as a
core component of effective diabetic
self-management (1–3). Although most
evidence indicates that SMBG contributes

to good glycemic control among type 1
(4,5) and type 2 diabetic (6,7) patients,
it remains uncertain whether SMBG use
is efﬁcacious in insulin-naïve type 2 diabetic patients. Current evidence in this
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latter population is mixed, with some
studies pointing to signiﬁcant glycemic
beneﬁts resulting from SMBG use (8–
10), while others have shown no signiﬁcant beneﬁts (11–13). Given the growing
cost of current type 2 diabetic care, it is
important to determine whether resources devoted to SMBG in the insulinnaïve population are justiﬁed and are
effectively applied.
Inconsistent ﬁndings seen in studies
of insulin-naïve type 2 diabetic patients
may be due, in part, to differences in
key design issues, such as subject selection criteria (e.g., whether or not patients
had poor glycemic control at study entry),
critical content differences in the actual
SMBG intervention (e.g., whether physicians were privy to patient SMBG data),
ﬁdelity of treatment delivery (e.g., the
same physicians cared for patients from
multiple study groups), and/or intervention adherence (e.g., whether patients actually completed the SMBG study protocol as
directed). A review of these issues was published previously (14). We developed a
comprehensive, structured SMBG intervention package that addresses these design issues and encourages patients and
physicians to work collaboratively to collect, interpret, and appropriately use
structured SMBG data. Our study was designed to investigate the effect of this intervention on glycemic control in poorly
controlled, insulin-naïve type 2 diabetic
patients compared with enhanced usual
care. Additionally, we assessed the effect
of this intervention on SMBG frequency,
timing and intensity of treatment modiﬁcation, and general well-being (GWB).
RESEARCH DESIGN AND
METHODS—The Structured Testing
Program (STeP) is a 12-month, clusterrandomized, multicenter comparison between poorly controlled (A1C $7.5%),
noninsulin-treated type 2 diabetic patients
using structured SMBG in conjunction
with enhanced usual care (structured
care.diabetesjournals.org
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testing group [STG]) and an active control
group (ACG) that received enhanced
usual care only. Enhanced usual care included quarterly clinic visits that focused
speciﬁcally on diabetes management, free
blood glucose meters and strips, and ofﬁce
point-of-care A1C capability.
Patients were recruited from primary
care practice sites across the eastern U.S.,
which were stratiﬁed to STG or ACG. This
included both small and large practices
serving communities with a range of
patient education, social class, and ethnicity that reﬂected the diversity of primary care settings in the U.S. The use of a
stratiﬁed, cluster-randomized design ensured that physicians cared for patients
from one study group only. Each site
generated a list of all patients who met
age, diagnosis, and A1C inclusion criteria
from their patient databases or chart review. Participating physicians reviewed
the list and eliminated patients whom
they felt should not participate in the
study (e.g., dementia, psychosis, recent
emotional trauma). Patients were then
randomly selected from the list using a
study-deﬁned protocol until the predetermined sample size was reached.
Inclusion criteria were: duration of
type 2 diabetes .1 year; aged $25 years;
A1C level 7.5–12.0%; currently treated by
diet, exercise, oral diabetes medication,
and/or injectable incretin mimetic; able to
read and write English without assistance;
and had not participated in any other research protocol within the last 30 days. Exclusion criteria were: type 1 diabetes;
managed with insulin at the start of the
study; C-peptide level #0.50 ng/mL;
used systemic oral or inhaled steroids
more than 14 days within the last 3
months; treated with chemotherapy or
radiation therapy; pregnant or breastfeeding; or had severe depression or other
severe psychological conditions.
The study protocol was approved by
the Copernicus Group (Central Institutional Review Board) and is in compliance
with the Helsinki Declaration (15). Written informed consent was obtained from
all subjects.
Procedures
The study’s duration was 12 months with
patient visits occurring at initial screening
and baseline followed by visits at months
1, 3, 6, 9, and 12. At screening, investigators recorded demographics, collected relevant medical history, performed physical
examinations, collected laboratory samples
(e.g., A1C, lipids), and documented all
care.diabetesjournals.org

current medications. Patients completed
the STeP questionnaire, which included
measures of self-care, diabetes-related distress, depression, and GWB. A description
of these measures was previously published
(14). A baseline visit was scheduled within
14 days. At the baseline visit, laboratory
results were reviewed. Patients in both
arms received a free blood glucose meter
and test strips (Accu-Chek Aviva meter
system; Roche Diagnostics, Indianapolis,
IN), and they were instructed in their use.
At all subsequent visits (months 1, 3,
6, 9, and 12), ACG and STG clinic staff
collected laboratory samples, recorded
changes in medications, and performed
brief physical examinations. Point-of-care
A1C equipment (A1CNow+ test kit; Bayer
Healthcare, Tarrytown, NY) was provided
to all practices for clinical use only to
assure that differential availability of the
equipment did not affect outcomes. Patients in both groups brought their meters
to each subsequent visit for electronic
data uploading; physicians and clinic staff
were blinded to these data and all other
study-collected measures. Patients also
reported all changes made to their diabetes regimen since their last visit. All
patients completed the STeP questionnaire and a post-visit questionnaire to
record physician discussion of SMBG
results and recommendations for pharmacologic and lifestyle changes that occurred during the visit.
Intervention
STG participants used the Accu-Chek
360° View blood glucose analysis system
(Roche Diagnostics), a validated tool (16)
that enabled patients to record/plot a 7point SMBG proﬁle (fasting, preprandial/
2-h postprandial at each meal, bedtime)
on 3 consecutive days prior to each scheduled study visit (months 1, 3, 6, 9, and
12), to document meal sizes and energy
levels, and to comment on their SMBG
experiences. STG participants received
training in the use of the Accu-Chek system, including instructions for how to
identify problematic glycemic patterns
and how best to address such problems
through changes in physical activity, portion sizes, and/or meal composition. STG
patients and physicians reviewed the
completed form at each of the scheduled
visits and noted areas of needed medication and lifestyle change. Completion of
the Accu-Chek system was prompted
via a telephone call from their physician’s
ofﬁce one week prior to their next appointment. ACG subjects did not receive

the Accu-Chek system. ACG patients
were instructed to use their meter following their physicians’ recommendations
but received no additional SMBG
prompting, training, or instruction.
STG physicians/staff received training
on interpreting the structured data and
were provided with an algorithm that described various pharmacologic/lifestyle
treatment strategies that could be used
in response to the speciﬁc SMBG patterns identiﬁed. Physicians were free to
select from these options based on patient/
physician preferences. All STG physicians
were contacted regularly over the 12
months of the study to ensure consistency
of the intervention over time. ACG physicians and staff received no additional
training. STeP Study tools and resources
are available at www.behavioraldiabetes.
org/studies/STeP-Study.html.
Measurements
The primary end point was change in A1C
from screening to 12 months. A1C analysis was conducted by a central laboratory
(Covance, Indianapolis, IN) using the
Variant II and Variant II Turbo hemoglobin testing systems (Bio-Rad Laboratories, Hercules, CA).
Treatment intensiﬁcation was calculated using information entered into patient medical records at each clinic visit.
These included recommended pharmacologic modiﬁcation (deﬁned as the initiation
of a new medication, increase or decrease in
the dose of an existing medication, or
termination of an existing medication)
and recommended lifestyle modiﬁcation
(deﬁned as any change in diet, exercise, or
other self-care behavior). The total number
of visits with medication or lifestyle modiﬁcations and the time to the ﬁrst treatment
change was recorded for all patients.
Frequency of SMBG for all patients was
calculated from blood glucose meter data
that were uploaded electronically by the
site coordinator directly to a web server at
each study visit via the Accu-Chek Smart
Pix device (Roche Diagnostics).
GWB was measured using the WHO-5
Well-Being Index assessment tool (17), a
widely used, ﬁve-item questionnaire with a
total score range of from 0–100 (higher
scores indicating more positive well-being).
Findings regarding other patient-reported
outcomes will be presented in subsequent
reports.
Statistical analysis
The study was designed to have a 90%
power to detect a difference of 0.5% in
DIABETES CARE, VOLUME 34, FEBRUARY 2011
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A1C levels. This was determined using a
two-sample t test (two-sided, a = 0.05),
assuming a common SD of 1.5%. The estimate of SD in A1C values was inﬂated
from 1.15 to 1.50 because of the clustering effect (18,19). We required a total of
408 patients (204 per study arm) to achieve the speciﬁed statistical power. A
larger STG sample was initially recruited
to account for potentially greater attrition
expected in this group over time.
The analysis of change in A1C and
other dependent variables was performed
using linear mixed models (LMM) analysis with SAS PROC MIXED (20,21). LMM
allows for comparisons between groups
across study waves over time, along with
analyses of moderator and mediator variables within the same analytic frame
(20,21). Control variables in all analyses
included: baseline dependent variable
(A1C); patient age, gender, and race
(white/nonwhite) as ﬁxed effects; and
practice site and subject as random effects. Missing data were estimated using
maximum likelihood methods (22).
Based on the mixed model, the leastsquare estimates of the group differences
were obtained and tested for statistical
signiﬁcance. Additional analyses of patient attrition at each step in the protocol
also were undertaken.
LMM was performed in two ways
using values from all study visits across
the 12 months. In the ﬁrst approach, the
analysis focused on the intent-to-treat
(ITT) population, which was deﬁned as
ACG and STG subjects who completed
the baseline and at least one postbaseline
visit. The second approach was a per
protocol (PP) analysis, which included
all ACG and STG patients who adhered to
the study protocol. Adherence in the ACG
was deﬁned as those who completed the
study (with $4 visits) and did not use
structured SMBG records that were similar to the Accu-Chek 360° View blood
glucose analysis system intervention
tool. Adherence in the STG was deﬁned
as those who completed at least 80% of all
blood glucose values on the intervention
tool, brought their completed tool to the
clinic visit, and reported that their physicians looked at the tool and discussed the
results (via the Post-Visit Questionnaire)
at $4 of the 5 clinic visits.
RESULTS—We recruited 34 primary
care practices that were then randomized
with stratiﬁcation to ACG (n = 13) or STG
(n = 21) (Fig. 1). Of the 770 patients
screened, 499 patients were eligible and
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Figure 1—Consort diagram.

enrolled in the study. Of these, 7 patients
(ACG, n = 1; STG, n = 6) withdrew consent, and 9 patients (ACG, n = 2; STG, n =
7) were lost to follow-up. The remaining
483 patients (ACG, n = 227; STG, n = 256)
were included in the ITT cohort. During
the study, 15 patients discontinued, 24
withdrew consent, and 69 were lost to
follow-up, all primarily because of time
or other life demands. Dropouts were
slightly younger (P , 0.02), more likely
to be African American (P , 0.02), had a
higher A1C (P , 0.01), and had fewer
comorbid conditions at baseline (P ,
0.02). Characteristics of the dropouts
were not signiﬁcantly different between
the two study groups. An additional 84
patients (ACG, n = 26; STG, n = 58)
were excluded from the PP analyses because of protocol nonadherence. Thus,
the PP cohort included 161 (71%) ACG
patients and 130 (51%) STG patients.
Site and patient characteristics are
summarized in Table 1. Patient demographic and disease-related characteristics at baseline between the two study
groups differed only by age and ethnicity.
These differences were controlled in
all subsequent analyses. There were no
intervention-related adverse events.
Over the 12 months, no severe hypoglycemic events were reported. The incidence
of hypoglycemia (,70 mg/dL), based on
downloaded meter data, was 1.9% in the
ACG and 1.8% in the STG (P = NS). There

were no signiﬁcant differences between
the groups in number of total visits (scheduled study visits plus follow-up visits) over
the 12 months (ACG = 5.1 [2.2]; STG = 4.9
[2.6], P = 0.56)
A1C ﬁndings
ITT analysis revealed that both groups
showed signiﬁcant reductions in A1C
levels; however, STG subjects evidenced
signiﬁcantly greater mean (SE) reductions
in A1C than ACG subjects over the 12
months: 21.2% (0.09) vs. 20.9% (0.10);
D = 20.3%; P = 0.04 (Fig. 2A). PP analysis
revealed an even greater mean (SE) A1C
reduction among those STG subjects who
adhered to the intervention compared
with ACG subjects: 21.3% (0.11) vs.
20.8% (0.11); D = 20.5%; P , 0.003
(Fig. 2B). It is noteworthy that A1C reductions in nonadherent STG subjects
were not signiﬁcantly different than reductions seen in ACG subjects.
Seven-point blood glucose proﬁle
ﬁndings
STG subjects showed signiﬁcantly lower
average preprandial and postprandial glucose levels at all meals and at bedtime
from month 1 to month 12 (in all cases,
P , 0.001). More importantly, there was a
signiﬁcant drop from month 1 to month 12
in preprandial to postprandial glucose
excursions at all meals: breakfast (44 to
35 mg/dL, P , 0.005), lunch (25 mg/dL
care.diabetesjournals.org
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Table 1—Baseline characteristics of practice sites and patients with type 2 diabetes by
randomization group
Practice sites
n
Physician age: mean (SD) age (years)
Gender: male
Years in practice: mean (SD) (years)
Type of practice
Primary care
Multispecialty care
Primary care/multispecialty care
Number of type 2 diabetic patients:
mean (SD)
Primary location of practice
Rural setting
Suburban
Urban
Urban and suburban

All sites

ACG

STG

34
44.8 (7.7)
27 (79.4)
13.1 (7.9)

13
43.3 (6.4)
11 (84.6)
11.3 (7.2)

21
45.7 (8.4)
16 (76.2)
14.1 (8.3)

27 (79.5)
6 (17.6)
1 (2.9)

10 (76.9)
2 (15.4)
1 (7.7)

17 (81.0)
4 (19.0)
0 (0.0)

1,084 (1,483)
10 (29.4)
17 (50.0)
6 (17.6)
1 (3.0)

1,250 (2,023)
2 (15.4)
9 (69.2)
2 (15.4)
0 (0.0)

978 (1,065)

P
0.3867
0.5549
0.3441
0.4289

0.6276
0.3024

8 (38.1)
8 (38.1)
4 (19.0)
1 (4.8)

Patients

All patients

ACG

STG

n
Patient age: mean (SD) age (years)
Gender: male
Ethnicity
African American
Caucasian
Other
Highest level of education
No college
Some college
College graduate
A1C: mean (SD) A1C (%)
BMI: mean (SD) BMI (kg/m2)
Diabetes duration: mean (SD) (years)

483
55.8 (10.7)
257 (53.2)

227
57.0 (11.2)
122 (53.7)

256
54.8 (10.1)
135 (52.7)

150 (31.1)
305 (63.1)
28 (5.8)

72 (31.7)
152 (67.0)
3 (1.3)

78 (30.5)
153 (59.8)
25 (9.8)

253 (52.7)
98 (20.4)
129 (26.9)
8.9 (1.2)
35.1 (7.3)
7.6 (6.1)

114 (50.9)
40 (17.9)
70 (31.3)
8.9 (1.2)
35.1 (6.7)
7.7 (6.1)

139 (54.3)
58 (22.7)
59 (23.0)
8.9 (1.2)
35.0 (7.8)
7.5 (6.1)

P
0.0197
0.8243
0.0004

0.1002

0.8751
0.8851
0.6547

Values are n (percentages) unless stated otherwise.

to 17 mg/dL, P , 0.03), and supper (34
to 26 mg/dL, P , 0.05). Measurements of
mean amplitude of glucose excursions indicated signiﬁcant (P = 0.0003) mean
(SE) reductions in glycemic variability
among STG subjects from 38.5 mg/dL
(0.9) at month 1 to 34.3 mg/dL (1.0) at
month 12. There were no changes in
these ﬁndings when insulin-using patients were excluded from the analyses.
Changes in treatment
ITT analysis showed that patients in both
study groups who received a treatment
change recommendation (pharmacologic
and/or lifestyle) at the month 1 visit experienced signiﬁcantly (P , 0.0005) greater
reductions in A1C than patients who did
not receive a treatment change recommendation at the month 1 visit. However,
signiﬁcantly more STG patients received a
treatment change recommendation at the
month 1 visit compared with ACG patients,
care.diabetesjournals.org

regardless of the patient’s baseline A1C
level: 179 (75.5%) vs. 61 (28.0%); P ,
0.0001. Of note, almost twice as many
STG patients were started on intermediate
or long-acting insulin than ACG patients
between the month 1 and month 12 visits:
42 vs. 23; P = 0.046. ITT analyses excluding patients who began insulin during the
study period also indicated signiﬁcant decreases in A1C for both the ACG and the
STG, with STG patients still demonstrating signiﬁcantly greater reductions in A1C
by month 12 than ACG patients: 21.3%
(0.10) vs. 21.0% (0.10); D = 20.3%; P =
0.03. Similar between-group differences
occurred using last observation carried
forward analysis (last A1C before insulin
start carried forward): 21.0% (0.10) vs.
20.7% (0.10); D = 20.3%; P = 0.03.
Thus, the observed group difference in
glycemic outcomes was not accounted
for by those patients who started insulin
during the course of the study.

The mean (SD) number of scheduled
visits at which a treatment change was
recommended was signiﬁcantly higher in
STG patients than in ACG patients: 2.7
(1.5) vs. 1.1 (1.0); P , 0.0001. PP analyses showed that the mean (SD) number
of clinic visits where treatment change
recommendations occurred was almost
three times greater in STG patients than
in ACG patients: 3.1 (1.4) vs. 1.1 (1.0),
P , 0.0001.
SMBG frequency
ITT analyses showed that the mean (SD)
number of daily blood glucose tests, even
when including the 7-point Accu-Chek
360° View blood glucose analysis system
proﬁles for the STG, was signiﬁcantly
lower for the STG than for the ACG at
month 6 (0.97 [0.81] vs. 1.21 [1.00],
P = 0.007); month 9 (0.85 [0.72] vs. 1.11
[0.84], P = 0.001); and month 12 (0.77
[0.69] vs. 1.05 [0.80], P , 0.0001). PP
analysis showed no signiﬁcant betweengroup differences in SMBG frequency.
General well-being
There was a signiﬁcant increase in GWB
over the study period in both the ACG
(P , 0.007) and the STG (P , 0.0001), as
assessed by the WHO-5 (16), with no signiﬁcant between-group differences over
time. In the ACG, mean (SD) WHO-5
scores rose from 58.0 (20.7) at study start
to 62.0 (20.8) at month 12. In the STG,
mean (SD) WHO-5 scores rose from 57.3
(23.6) at study start to 65.5 (21.3) at
month 12. PP analyses revealed that adherent STG subjects reported a signiﬁcantly greater improvement in GWB
than adherent ACG subjects (P , 0.04).
CONCLUSIONS—We found that
programmatic, structured SMBG contributes to signiﬁcant improvement in glycemic control in insulin-naïve type 2
diabetic patients compared with patients
who did not receive structured SMBG.
Further, this signiﬁcant between-group
difference occurs even though there is a
signiﬁcant A1C reduction of 0.9% achieved by the ACG during the 12-month
study period. Glycemic improvement was
even greater in STG patients who adhered
to the protocol. Of note, patients in the
structured SMBG group also show improvement in mean amplitude of glucose
excursions and in 7-point blood glucose
proﬁles over the 12-month period.
We suspect that the signiﬁcant A1C
improvement in the ACG over time is due
mainly to the heightened attention paid to
DIABETES CARE, VOLUME 34, FEBRUARY 2011
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physicians, and the resulting improvements in A1C, occurred because only the
STG physicians were trained on a treatment algorithm and were encouraged to
follow it. However the PP analyses show
that the glycemic advantage occurred
only among the STG patients who adhered to the intervention. Therefore, physician training alone does not sufﬁciently
explain these ﬁndings.
Additionally, the greater improvement in A1C over time in the STG than
in the ACG occurred with less (ITT)
SMBG frequency. This ﬁnding has important policy implications, suggesting
that it may be appropriate to shift the
current focus from SMBG quantity (testing frequency) to SMBG quality (meaningful test results that contribute to
positive action), utilizing protocols that
place more emphasis on when patients
test and how they and their physicians
organize and make clinically relevant use
of the resulting data.

Figure 2—A: ITT analysis: mean (6 SE) A1C over 12 months (M) in patients with noninsulintreated type 2 diabetes according to randomization group. B: PP analysis: mean (6 SE) A1C over
12 months (M) in patients with noninsulin-treated type 2 diabetes, comparing ACG patients,
adherent STG (STG/a) patients, and nonadherent STG (STG/na) patients.

study subjects, the use of free meters and
strips, the requirement that subjects bring
their meters to all study visits, and the
more frequent than usual medical visits.
Thus, the observed differences between
the STG and the ACG may be a conservative estimate compared with what
might be obtained with similar patients
in most clinical settings.
We also found signiﬁcant differences
between the STG and the ACG in the
frequency and intensity of the treatment
266
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change recommendations made by physicians. This suggests that when patients
bring structured SMBG information to
clinic visits, and when physicians know
how to interpret and respond to SMBG
information, timely and appropriate
treatment changes are more likely to
occur than in cases in which structured
SMBG data are not available, as occurred
in the ACG.
Another possible explanation is that
the treatment changes made by the STG

Study strengths and weaknesses
We used a comprehensive approach to
address the design limitations of previous
studies (23): a cluster-randomized design; an A1C inclusion criterion of
$7.5%; a highly structured protocol
that led to actionable outcomes for both
patients and physicians; and a set of PP
analyses to determine the effects of protocol completion.
Several limitations are noteworthy.
First, the study did not include a third
study arm that would have assessed the
effect of the increased attention paid to
both study groups over the 12-month
period. Thus, the enhanced usual care
received by the ACG resulted in a conservative estimate of between-group differences. Second, we could not determine if
the treatment changes initiated by the
physicians and the patients were clinically
appropriate; our measures examined the
number of changes, rather than the type
of change recommended. Third, we could
not determine how many of the recommended treatment changes actually occurred. Fourth, there was more attrition
of the STG patients than the ACG patients
over the 12-month period (though this
difference was not statistically signiﬁcant), suggesting that some patients may
have found the structured SMBG intervention too burdensome, which may have
biased the ﬁndings.
Our ﬁndings demonstrate that appropriate use of SMBG in poorly controlled,
insulin-naïve type 2 diabetic patients can
care.diabetesjournals.org
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be efﬁcacious and clinically meaningful.
This suggests that most patients and
physicians will make appropriate use of
SMBG data when there is a well-deﬁned
testing protocol, a tool for organizing the
data, and the knowledge to interpret the
data. It is evident that physicians can be
trained to use well-organized SMBG data
and to collaborate with patients to make
timely and effective treatment decisions to
improve glycemic control. Integrating
SMBG into a collaborative program of
care may lead to improved glycemic control without increasing strip consumption.
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