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OBJECTIVE—We aimed to evaluate the added value of intensive self-monitoring of blood
glucose (SMBQG), structured in timing and frequency, in noninsulin-treated patients with type 2
diabetes.

RESEARCH DESIGN AND METHODS —The 12-month, randomized, clinical trial en-
rolled 1,024 patients with noninsulin-treated type 2 diabetes (median baseline HbA;., 7.3% [IQR,
6.9-7.8%]) at 39 diabetes clinics in Italy. After standardized education, 501 patients were random-
ized to intensive structured monitoring (ISM) with 4-point glycemic profiles (fasting, preprandial,
2-h postprandial, and postabsorptive measurements) performed 3 days/week; 523 patients were
randomized to active control (AC) with 4-point glycemic profiles performed at baseline and at 6 and
12 months. Two primary end points were tested in hierarchical order: HbA; . change at 12 months
and percentage of patients at risk target for low and high blood glucose index.

RESULTS —Intent-to-treat analysis showed greater HbA; . reductions over 12 months in ISM
(—=0.39%) than in AC patients (—0.27%), with a between-group difference of —0.12% (95%
CI, —0.210 to —0.024; P = 0.013). In the per-protocol analysis, the between-group difference
was —0.21% (—0.331 to —0.089; P = 0.0007). More ISM than AC patients achieved clinically
meaningful reductions in HbA;. (>0.3, >0.4, or >0.5%) at study end (P < 0.025). The pro-
portion of patients reaching/maintaining the risk target at month 12 was similar in ISM (74.6%)
and AC (70.1%) patients (P = 0.131). At visits 2, 3, and 4, diabetes medications were changed
more often in ISM than in AC patients (P < 0.001).

CONCLUSIONS —Use of structured SMBG improves glycemic control and provides guid-
ance in prescribing diabetes medications in patients with relatively well-controlled noninsulin-
treated type 2 diabetes.
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he goal of diabetes treatment is near-

normalization of blood glucose to pre-

vent the development of or to delay
progression of diabetes complications
and to maintain good quality of life.
Clinical practice guidelines recommend
self-monitoring of blood glucose (SMBG)
for patients with type 1 diabetes or insulin-
treated type 2 diabetes (1,2).

Conversely, the value and utility of
SMBG in patients with poorly controlled
noninsulin-treated type 2 diabetes remain
controversial (3,4). Previous studies in
which SMBG data were underused by
clinicians or patients showed little or no
benefit for glycemic control (5-7). How-
ever, recent studies utilizing SMBG as an
integral component of diabetes care
showed improvements in mean glucose
(8-12), glycemic variability (8), meta-
bolic risk factors (10), depression and
diabetes-related distress (13), and health
behaviors (10-12). Use of SMBG, struc-
tured in timing and frequency, also was
associated with changes in clinician be-
havior, with earlier and more frequent
changes in the prescription of diabetes
medications (11-14). All these studies
share the following common features:
SMBG was structured in timing and fre-
quency to obtain actionable information
regarding the patient’s glucose control,
SMBG output was designed to facilitate
analysis and discussion of glycemic pat-
terns between patients and clinicians; and
both patients and clinicians possessed the
knowledge, skills, and willingness to
make lifestyle or treatment decisions
based on SMBG data. The International
Diabetes Federation, in the recent guide-
lines on SMBG use in noninsulin-treated
type 2 diabetes, supported structured
SMBG as an integral component of diabe-
tes care (15).

Although structured SMBG is bene-
ficial in poorly controlled, noninsulin-
treated type 2 diabetes, there is no
evidence of its usefulness or of the most
appropriate SMBG strategy and utiliza-
tion of data in patients with lower HbA;
who are not at their glycemic target. We
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Structured SMBG in noninsulin-treated type 2 diabetes

conducted a study to evaluate the added
value of an intensive, structured SMBG
regimen in a population of patients with
relatively well-controlled type 2 diabetes
treated with oral agents or diet or both.

RESEARCH DESIGN AND
METHODS —This was a 12-month,
prospective, multicenter, open-label,
parallel-group, randomized, controlled
clinical trial; the full protocol was pre-
viously reported (16). The study was ap-
proved by the Ethics Committee of each
site and complies with the Helsinki Dec-
laration. All patients provided written in-
formed consent before enrollment.

Setting and participants

The trial was conducted at 39 diabetes
clinics in Italy. Patients with type 2 di-
abetes not treated with insulin (disease
duration 1-10 years), aged 35-75 years,
and with HbA,. 7.0-9.0% were eligible.
Patients were ineligible if they had insulin
treatment for >7 days, previous use of
structured SMBG, impending complica-
tions of diabetes, or limited life expectancy
or if they were pregnant, breastfeeding, or
intended to become pregnant.

Randomization

Allocation ratio was 1:1. A computerized
random number generator was used to
select random permuted blocks of four.
Details on randomization restriction and
block size were not disclosed to investi-
gators. Randomization was stratified by
the diabetes treatment at enrollment
(diet only or diet plus diabetes medica-
tions). Allocation information was sealed
in sequentially numbered opaque enve-
lopes prepared by the clinical research or-
ganization managing the trial.

Interventions

A commercially available educational
program (Accu-Chek EduCare; Roche
Diagnostics, Monza, Italy) was used to
provide standardized diabetes informa-
tion to patients in both groups. The pro-
gram is organized into subject-specific
modules and includes charts and other
materials to facilitate patient engagement.
Sessions on nutrition, physical activity,
SMBG, and diabetes medications were
provided at baseline and additional mod-
ules were completed throughout the
study.

Patients in the intensive structured
monitoring (ISM) group were required to
perform 4-point capillary glucose mea-
sures before breakfast and lunch, 2 h after

lunch, and 5 h after lunch but before
dinner (17,18) 3 days/week, every week
(2 working days [Monday-Friday] and
1 weekend day [Saturday or Sundayl]),
for 12 months. ISM patients were trained
to interpret SMBG data and were given a
diary listing glycemic targets as follows:
<110 mg/dL for fasting glucose levels and
glucose levels before lunch; <50 mg/dL
as difference between postprandial and
preprandial glucose levels; and sugges-
tions for reaching treatment goals. Patients
in the active control (AC) group were re-
quired to complete a 3-day, 4-point profile
before their visits at months 6 and 12 to
obtain data for comparison with the ISM
group. These data were not available for
use by clinicians for glycemic evaluation
or medication adjustments.

At each follow-up visit (months 3, 6,
9, and 12), investigators performed phys-
ical examinations; recorded BMI, blood
pressure, and heart rate; and collected
blood samples for HbA;. measurements.
HbA, . for statistical analysis was mea-
sured by the central laboratory (Laboraf
Diagnostica e Ricerca, Milan, Italy) using
the Variant II testing systems (Bio-Rad,
Segrate, Italy).

At each visit, investigators prescribed
diabetes medication aiming at an HbA;
target <7.0% in both groups. With ISM
patients, investigators reviewed and dis-
cussed the SMBG and diary and reviewed
and recommended changes in diet and
physical activity. SMBG data from ISM
patients were downloaded to a computer
through a wireless device (Accu-Chek
Smart-Pix system; Roche Diagnostics,
Monza, Italy) and analyzed using ad hoc
software that provided easy-to-read sum-
mary statistics (Supplementary Fig. 1).
For adjusting diabetes medications, in-
vestigators had the option to use a treat-
ment algorithm (16) based on guidelines
from international and national scientific
societies (19) (Supplementary Fig. 2). In-
cretin mimetics and DPP-4 inhibitors
were not included in the algorithm be-
cause they were unavailable in Italy
when the protocol was written. Once
they became available, investigators were
notified that they could be used for study
patients. The algorithm guided changes in
diabetes medications (type or dosage)
based on mean fasting or preprandial glu-
cose levels, differences between post-
prandial and preprandial glucose, and
hypoglycemic events. In the AC group,
SMBG data were not available for viewing
in patient meters and data were not
downloaded until the end of the study;

therefore, adjustments of diabetes medi-
cations were based exclusively on HbA, .
and hypoglycemic events.

Outcomes

Two primary end points were tested in
hierarchical order: change in HbA . levels
from baseline to month 12 and percent-
age of patients reaching/maintaining the
risk target (low blood glucose index
[LBGI] =2.5 together with high blood
glucose index [HBGI] =5) from baseline
to month 12. LBGI and HBGI are sum-
mary statistics computed from SMBG
data shown to predict the risk of hypogly-
cemia and hyperglycemia, respectively
(20-23). LBGI increases when the num-
ber or extent (or both) of low SMBG
measurements increases, whereas HBGI
increases when the frequency or the ex-
tent (or both) of high SMBG measure-
ments increases (see Supplementary
Table 1 for computation of LBGI and
HBGI). The hierarchical approach of pri-
mary end points avoids multiplicity issues
with adjustment of type I error because
the second co-primary end point is tested
only if the first is statistically significant
at 0.05.

Secondary end points included the
following: changes in HBGI and LBGI,
changes in SMBG frequency; changes in
diabetes therapy (type of medication or
dosage); frequency and severity of hypo-
glycemic episodes; changes in blood pres-
sure, estimated glomerular filtration rate
calculated according to the creatinine-
based Modification of Diet in Renal Dis-
ease equation, lipid profile, and BMI,
changes in diabetes-specific quality of
life questionnaire scores (24) and diabetes-
specific locus of control questionnaire
scores (25); and study-related and diabetes-
related adverse events. The diabetes-
specific quality of life questionnaire used
in the Diabetes Control and Complica-
tions Trial (24), translated into Italian,
modified for patients with type 2 diabetes,
and validated (26), includes the following
three domains: satisfaction (score 14-70);
impact (score 28-92); and worry (score
5-25); higher score indicates poor qual-
ity of life. The diabetes-specific locus of
control questionnaire (25), translated
into Italian (27), includes the following
three domains: internal; powerful others;
and chance (scores 6-36); the domain
with the highest score indicates locus of
control.

Mild hypoglycemia and moderate hy-
poglycemia were defined as symptoms
consistent with hypoglycemia or glucose
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levels =60 mg/dL or =50 mg/dL, respec-
tively, without loss of consciousness;
given some degree of overlapping be-
tween mild and moderate hypoglycemia,
we present them combined as nonsevere
hypoglycemia. Severe hypoglycemia was
defined as an event with symptoms con-
sistent with hypoglycemia during which
the person required the assistance of an-
other person or intravenous glucose or
glucagon administration. The event
might be confirmed by the finding of a
glucose level <50 mg/dL. Participants
were informed of their risk of hypoglyce-
mia and instructed to record any hypogly-
cemic event in a diary and to contact the
clinic if severe or repeated nonsevere hy-
poglycemia occurred.

In a post hoc analysis, we tested the
difference in the proportion of partic-
ipants in the ISM group or AC group who
reached clinically meaningful HbA,, re-
ductions of <0.3, <0.4, or <0.5%.

Statistical analysis
Five hundred patients in each group were
needed to achieve 90% power to detect a
significant (at the two-sided 5% level)
0.3% difference between the ISM and AC
groups in the mean HbA,. change at
month 12 compared with baseline, as-
suming a 1.25% SD and 25% attrition
(28). Primary and secondary end points
were analyzed on an intent-to-treat (ITT)
basis including all randomized patients.
Primary and secondary end points also
were analyzed in the per protocol (PP)
population, consisting of all randomized
patients who completed the study with-
out major protocol violations and were
compliant with the SMBG regimen (i.e.,
=80% of the required SMBG measure-
ments in the ISM group and =200
unstructured discretionary SMBG mea-
surements in the AC group, the maxi-
mum measurements recommended for
these patients by the Italian Standards of
diabetes care) (29). Results for the PP
population are reported for primary end
points and selected secondary end points.
Statistical analyses were performed
using SAS (version 9.02, TS level
02MO). The first co-primary end point
was analyzed using a mixed linear model
(30) with randomized group, center, visit,
and randomized group-by-visit interac-
tion as fixed effects and baseline HbA;
as covariate. An unstructured variance—
covariance matrix was used to model the
correlation between repeated measure-
ments within each patient. Restricted
maximum likelihood estimates and

two-sided 95% CI of the mean difference
between randomized groups at month 12
were calculated using the Newton-Raphson
algorithm. Cross-sectional comparisons
were performed using time-by-time con-
trasts programmed using the SAS Mixed
Procedure. Missing data were filled in by
multiple imputation assuming a missing
at-random mechanism of dropout. The
Monte Carlo Markov Chain technique im-
plemented in SAS Proc MI was used to
obtain 50 imputed datasets. Rubin rules
implemented in SAS Proc MIANALYZE
were used to combine effect estimates
and to estimate 95% Cls to allow for un-
certainty attributable to missing data. For
the post hoc analysis, the last observation
carried forward technique was used to
complete missing values for patients who
did not complete the study. The incidence
rate ratio of hypoglycemia was estimated
using Poisson regression. A two-sided test
with P = 0.05 was considered statistically
significant. The interaction between ran-
domized group and center was assessed,
with a two-sided P = 0.10 considered
statistically significant for the test of in-
teraction. The analysis of the second
co-primary end point was based on the
Cochran-Mantel-Haenszel test controlling
for clinical site effects. Secondary end
points were analyzed according to the
type of variable. Summary statistics and
two-sided 95% Cls were computed for
mean changes (continuous variables) and
risk differences (categorical variables).

RESULTS —Patients were enrolled be-
tween May 2008 and May 2010. Of the
1,072 screened patients, 1,024 were eli-
gible and were assigned to the ISM (n =
501) group or AC (n =523) group (Fig. 1).
The PP population consisted of 232
(46.3%) ISM patients and 321 (61.4%)
AC patients; the most common reasons
for exclusion were noncompliance with
the SMBG regimen, participant’s decision
to withdraw, and major violations of
inclusion/exclusion criteria. The propor-
tions of noncompleters were 14.0 and
13.6% in the ISM and AC groups, respec-
tively. The demographic, anthropomet-
ric, and metabolic characteristics of
patients who withdrew from the study
were similar to those of completers, except
for age, which was 3 years older among
completers (P < 0.01). Study patients were
predominantly male, obese (BMI =30),
treated with oral agents, and with HbA,.
slightly higher than the 7.0% target (Table 1).
ISM patients performed a median of 512
(interquartile range, 373-573) SMBG
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measurements, whereas AC patients
performed a median of 108 (interquartile
range, 61-182) measurements.

Changes in HbA,

In the ITT population, both groups
showed reductions in HbA ;. levels; how-
ever, over the course of the 12 months
ISM patients had greater reductions in
HbA;. than AC patients (—0.39 vs.
—0.27%, ISM vs. AC, respectively; A =
—0.12%; 95% CI, —0.210 to —0.024,
P=0.013) (Fig. 2A). In the PP population,
ISM patients had an even greater HbA,
reduction than AC patients (—0.45 vs.
—0.24%; A = —0.21%; —0.331 to
—0.089; P = 0.0007) (Fig. 2B). In both
the ITT and PP analyses, more ISM pa-
tients achieved clinically meaningful re-
ductions in HbA;. (>0.3, >0.4, or
>0.5%) at study end than AC patients
(P < 0.025) (Fig. 3).

Changes in glycemic risk

In the ITT population, a similar propor-
tion of ISM and AC patients reached/
maintained the risk target at month 12
(74.6% [95% CI, 70.6-78.4] and 70.1%
[66.0-74.1] in ISM and AC patients, re-
spectively; P = 0.131). In the PP pop-
ulation, a higher proportion of ISM than
AC patients reached/maintained the risk
target (90.0% [85.4-93.6] in ISM patients
and 82.5% [77.8-86.5] in AC patients;
P = 0.038). When HBGI and LBGI were
analyzed as continuous variables, HBGI
decreased more in ISM than in AC pa-
tients at month 12 (—=0.43; —0.76 to
—0.10; P = 0.011), whereas no between-
group difference was observed for LBGI
(0.09; —0.12 t0 0.20; P = 0.082).

Treatment intensification

In the ITT population, the prescription of
diabetes medications at visits 2, 3, and 4
was changed more often in ISM than in
AC patients (P < 0.001): 38.7% (95% CI,
34.3-43.3) vs. 28.0% (24.1-32.2) at visit
2;31.8% (27.5-36.3) vs. 20.0% (16.5—
23.9) at visit 3; 31.6% (27.2-36.2) vs.
20.4% (16.8-24.4) at visit 4. The
between-group difference did not achieve
statistical significance at visit 5 (22.4%
[18.6-26.7] vs. 16.7% [13.4-20.5]; P =
0.143) (Supplementary Fig. 3).

Incidence of hypoglycemia

Nonsevere hypoglycemia was more com-
monly detected in ISM than in AC pa-
tients (1.32 vs. 0.42 events per patient
year; incidence rate ratio, 3.32; 95% CI,
1.96-4.78; P < 0.0001). Two severe
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1,072 Patients Assessed for
Eligibility

48 Excluded*

21 HbA, <7% or >9%

19 Type 2 diabetes for >10 years

8 Previous structured SMBG

7 Insulin for >7 days

5 Impending diabetes
complications

2 Age >75 years

1 lliterate

1 Reduced life expectancy

*Some patients were excluded for
multiple reasons

501 Assigned to ISM

i

501 (100%) Included in ITT population

i

269 (53.7%) Excluded*®

200 Noncompliant with SMBG regimen
70 Did not complete the study

51 Violated inclusion criteria

32 Missing HbA, data

25 Missing compliance information

5 Treatment assignment error

*Some patients were excluded for multiple

reasons

232 (46.3%) Included in PP population

Figure 1—Flow of PRISMA study participants.

hypoglycemic events occurred during the
study, both in one AC patient treated
with a sulfonylurea.

Changes in BMI

BMI decreased both in ISM and in AC
patients; however, no between-group dif-
ference over 12 months was seen in the ITT
population (—0.44 [95% CI, —0.57 to
—0.31] vs. —0.28 [95% CI: —0.40 to
—0.15], ISM vs. AC, respectively; A =
0.16; —0.01 to 0.34; P = 0.070). A between-
group difference over 12 months was
observed in the PP population (—0.58

1,024
Randomized

523 Assigned to AC

l

523 (100%) Included in ITT population

l

202 (38.6%) Excluded”

98 Noncompliant with SMBG regimen
71 Did not complete the study

54 Violated inclusion criteria

43 Missing HbA,  data

52 Missing compliance information

2 Treatment assignment error

*Some patients were excluded for multiple

reasons

321 (61.4%) Included in PP population

[—0.76 to —0.40] vs. —0.28 [—0.44 to
—0.13], ISM vs. AC, respectively; A =
0.29; 0.06-0.53; P = 0.014).

Psychosocial measures

All domain scores of the quality of life
questionnaire improved at month 12
compared with baseline, with no differ-
ences between ISM and AC patients. The
locus of control questionnaire scores
improved in both groups at month 12,
with a greater improvement in the chance
domain in ISM than in AC (—0.92 [SD,
0.59] vs. —0.10 [SD, 0.57]; P = 0.024).

Other secondary outcomes

There were no between-group differences
regarding changes in systolic and diastolic
blood pressures, estimated glomerular
filtration rate, total cholesterol, HDL cho-
lesterol, or LDL cholesterol from baseline
to study end. However, the AC group
experienced a significantly greater reduc-
tion in triglycerides than the ISM group.
Results of additional secondary outcomes
are reported (Supplementary Table 2).

CONCLUSIONS—In this multicen-
ter, randomized, clinical trial enrolling
>1,000 patients with relatively well-
controlled, noninsulin-treated type 2 di-
abetes, we found that the use of intensive,
structured SMBG data by clinicians to op-
timize prescription of diabetes medications
and by patients to modify their behaviors
improved glycemic control and enabled
significantly more ISM patients to achieve
clinically meaningful reductions of HbA,.
compared with discretionary, unstructured
SMBG data, which were available only to
study patients.

Although the significant HbA;, im-
provement in both groups from baseline
was possibly the result of regular office
visits and basic diabetes education, the
additional glycemic improvement in
ISM participants was likely attributable
to multiple factors. First, more ISM than
AC patients had their prescriptions of di-
abetes medication changed at each visit,
suggesting that structured SMBG data
prompted clinicians to adjust therapy ear-
lier and more intensively in contrast to the
clinical inertia often seen in the manage-
ment of patients with type 2 diabetes
(31-34). This is particularly interesting
given the relatively low HbA;. of our pa-
tients. Although an analysis of the breakout
of the specific changes made (e.g., adding a
medication or increasing dose) has not
been completed, it is reasonable to assume
that the treatment algorithm based on
structured SMBG findings (Supplementary
Fig. 2) helped clinicians select the most ap-
propriate medication for each patient’s glu-
cose pattern. Second, the greater decrease
of BMI in ISM patients, although significant
only in the PP population, may have con-
tributed to improving glycemic control in
these patients. Third, it is likely that ISM
patients made more effective lifestyle
changes in response to SMBG measure-
ments as recommended to them through-
out the study.

We recognize that the between-group
differences in HbA,. reductions in our
study may be perceived as being of
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Table 1—Baseline characteristics of the PRISMA study participants by assigned intervention:

ITT population
ISM (n = 501) AC (n=523)
Age, years 60.2 (55-67) 60.4 (54-68)
Females 198 (39.5) 209 (40.0)
Duration of diabetes, years 6.2 (3.2-8.8) 6.2 (3.4-8.8)
Diabetes treatment
Diet only 24 (4.8) 40 (7.6)
Monotherapy
Metformin 175 (35.0) 174 (33.3)
TZD 4(0.9) 7(1.3)
SU/repaglinide 31(6.2) 37 (7.0)
DPP-4 inhibitors 1(0.2) 4 (0.8)
Others 3(0.7) 0
Double combination therapy
Metformin + SU/repaglinide 166 (33.2) 151 (28.8)
Metformin + TZD 21 (4.2) 27 (5.1)
Metformin + DPP-4 inhibitors 20 (4.0) 25 (4.9)
Others 16 3.1) 24 (4.7)
Triple combination therapy
Metformin + SU/repaglinide + TZD 18 (3.5) 9 (1.7)
Others 21 (4.2) 25 (4.9)
BMI, kg/m* 30.6 (27.0-33.7) 30.5 (26.9-33.8)
BMI <25 59 (12.0) 67 (12.9)
BMI 25-29.9 201 (40.1) 210 (40.3)
BMI =30 240 (47.9) 244 (46.8)
HbA ., % 7.4 (6.9-7.8) 7.3 (6.9-7.8)
HbA ., mmol/mol 57 (52-62) 56 (52-62)
HbA;. =7.4% (=57 mmol/mol) 271 (54.8) 316 (62.2)
HbA . 7.5-7.9% (58-63 mmol/mol) 123 (24.8) 100 (19.7)
HbA . 8.0-8.4% (64—68 mmol/mol) 54 (10.9) 61 (12.0)
HbA,. =8.5% (=69 mmol/mol) 47 (9.5) 31(6.1)
Systolic blood pressure, mmHg 135 (95-180) 130 (100-180)
Diastolic blood pressure, mmHg 80 (60-100) 80 (60-100)
Estimated GFR, ml/min 88 (43-247) 89 (31-200)
Total cholesterol, mg/dL 172 (104-305) 179 (85-427)
HDL cholesterol, mg/dL 46 (22-106) 45 (27-146)
LDL cholesterol, mg/dL 99 (27-198) 104 (18-363)

Triglycerides, mg/dL
Diabetes-specific quality of life score
Satisfaction domain
Impact domain
Worry domain
Locus of control score
Internal control domain
Chance domain
Powerful others domain

123 (40-744)

127 (40-683)

32 (14-56) 34 (17-56)
31 (21-74) 30 (21-74)
8 (5-21) 8 (5-22)
31 (10-36) 31 (12-36)
15 (6-36) 16 (6-36)
26 (10-36) 26 (11-36)

Continuous variables are presented as median (interquartile range), and categorical variables are presented as
number of participants (% of total). TZD, thiazolidinediones; SU, sulphonylurea; GFR, glomerular filtration

rate.

modest magnitude; however, one must
consider that our patients had a baseline
HbA;. of ~7.3%, which is close to the
average HbA, . of type 2 diabetic patients
treated at diabetes clinics in Italy (35) and
lower than in most studies. It is also more
challenging to lower HbA, . levels in pa-
tients at these levels (36). Moreover,

because international medical organiza-
tions recommend an HbA;. <7.0% as the
treatment goal in type 2 diabetes (1), based
on findings from the UK Prospective Di-
abetes Study, which demonstrated that
any reduction in HbA;, reduces the risk
of complications (37), we believe that clini-
cians have an obligation to utilize treatment

Bosi and Associates

strategies in addition to medications, in-
cluding structured SMBG, to help patients
achieve their glycemic goals to improve
clinical outcomes. When we considered
the proportion of patients who achieved
clinically meaningful improvements in gly-
cemic control (i.e., an HbA;. reduction of
>0.3, >0.4, or >0.5%), the proportion
was significantly greater when using inten-
sive structured SMBG. We feel that this is
an alternative metric for evaluating the
value and utility of a “behavior-based” in-
tervention, such as structured SMBG, be-
cause it reflects its true clinical impact.

Although ISM patients reported a
greater incidence of nonsevere hypogly-
cemic events, these events are likely the
result of increased detection of hypogly-
cemia attributable to greater SMBG fre-
quency. Provided the growing concerns
for the increased mortality in intensively
managed type 2 diabetes (38,39), the de-
tection of asymptomatic hypoglycemia
may be an additional advantage of struc-
tured SMBG. Regarding hypoglycemia
and weight control, for patients with
HbA,. close to the normal range, struc-
tured SMBG is a safe treatment strategy to
use when increasing diabetes medication.
It is also noteworthy that in ISM patients
there were no changes in diabetes-specific
quality of life scores, indicating no deteri-
oration in quality of life with structured
SMBG, contrary to what previously has
been reported (13). Furthermore, reduc-
tions in diabetes-specific locus of control
chance domain scores suggest that ISM
patients were less likely than AC patients
to attribute diabetes control to chance or
fortune.

As for the secondary outcomes of the
study, AC patients had a greater decrease
in triglycerides than ISM patients, with no
significant between-group differences in
total cholesterol, HDL cholesterol, LDL
cholesterol, and blood pressure. This find-
ing may reflect that a greater effort either by
patient or by provider in one domain of
diabetes management may minimize effec-
tiveness in other domains. The fact that
ISM patients may tend to decrease the
amount of dietary carbohydrates and in-
crease fat should be taken into account at
the time of dietary counseling when start-
ing intensive SMBG management.

There are several limitations to our
study. Because patients were treated at di-
abetes clinics, it may be difficult to generalize
our findings to patients treated in primary
practice settings who generally have less
well-controlled diabetes. Additionally, the
large number of patients excluded from the
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Figure 2—Least-square mean difference in HbA; . (%) during the study by treatment group in the

ITT population (A) and PP population (B).

PP analysis also makes generalization
somewhat challenging, suggesting that
the SMBG regimen may have been too
intensive or that a sizable proportion of
noninsulin-treated type 2 diabetic patients
may need additional support to comply
with structured SMBG. It is possible that
less frequent use of the glycemic profiles

(e.g., a lower number of weekly profiles)
would encourage more patients to use
structured SMBG but without sacrificing
the beneficial effects seen in our study. It is
important to note that 98 of the AC patients
were excluded from the PP analysis because
they tested more frequently than the pro-
tocol allowed, which suggests that many

of these patients perceived a greater ben-
efit from more frequent use of SMBG.
Afurther limitation is the use of structured
SMBG in both groups. Although SMBG
data from AC patients were not made
available to clinicians for use in evaluating
glycemic status or in making medication
adjustments, the availability of these data
to AC patients may have prompted
changes in lifestyle behaviors or treatment
adherence, potentially leading to im-
proved glycemic control independent of
clinician-based recommendations, espe-
cially in those patients who tested more
frequently than the protocol allowed. Re-
cent studies have shown that use of
structured SMBG regimens positively in-
fluences patient behaviors, leading to im-
provements in glycemic control and other
measures (8-11,18). Another limitation
was that our study design precluded as-
sessment of the effect of the comprehen-
sive education provided and increased
attention given to patients in both study
groups, as well as the individual contribu-
tions of diet and physical exercise. Fur-
thermore, although LBGI and HBGI have
been validated in patients with type 1 di-
abetes and insulin-treated type 2 diabetes,
they have not been validated in type 2 di-
abetic patients treated with diet or oral
diabetes medications. The modest within-
group changes seen in our study suggest
that these indices may not be particularly
useful when studying well-controlled
noninsulin-treated patients. Finally, al-
though we captured data regarding the to-
tal number of medication changes made
throughout the study, we combined changes
of dose and changes of prescribed medica-
tions. Additional analyses of our results are
being conducted to evaluate the impact of
structured SMBG on changes in dose,
changes in type of medication prescribed,
and appropriateness of these changes.

In conclusion, the PRISMA (Prospec-
tive, Randomized Trial on Intensive Self-
Monitoring Blood Glucose Management
Added Value in Noninsulin-Treated Type
2 Diabetes Mellitus Patients) study, to our
knowledge the largest study of the effects
of SMBG in patients with type 2 diabetes,
confirms the clinical usefulness and overall
safety of using structured SMBG to pro-
vide guidance in the prescription of di-
abetes medications and lifestyle changes in
noninsulin-treated type 2 diabetic patients,
ultimately improving glycemic control.
Additional studies are needed to further
define and elucidate the optimal imple-
mentation of structured SMBG use in these
patients.
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