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Does Patient Blood Glucose
Monitoring Improve
Diabetes Control?

A Systematic Review of the Literature

Objective

The purpose of this systematic review was 2-fold: first,to  Lisa McAndrew, MS
perform a comprehens.ive 'review of relevant studies on Stephen H. Schneider, MD
the impact of self-monitoring of blood glucose (SMBG)
on HbAIc levels for patients with type 2 diabetes melli- Edith Burns, MD
tus and, second, to explore mediators and moderators Howard Leventhal, PhD
within a self-regulation framework.

From Rutgers University, Department of Psychology,
D a-ta SOUFC@S Institute for Health & Behavior, New Brunswick,

New Jersey (Ms McAndrew, Dr Leventhal); Robert

Wood Johnson Medical School, Division of
Five databases—Medline, Psychlnfo, Cochrane Database Endocrinology, Diabetes, Metabolism, New Brunswick,
of Systematic Reviews, Cochrane Central Register of New Jersey (Dr Schneider); and Department of
Controlled Trials, and Cumulative Index to Nursing &  Medicine, Medical College of Wisconsin, Milwaukee

Allied Health Literature (CINAHL)— were searched (Dr Burns). This article was funded through funds from
’ the National Institute of Health, grant R24 AG023958,

Center for the Study of Health Beliefs and Behaviors.

Study Selection

. . . . Correspondence to Howard Leventhal, PhD, Rutgers
Cross-sectional, longitudinal, and randomized control  ypiyersity, Department of Psychology, Institute for
trials from 1990 to 2006, which included patients with  Health & Behavior, 30 College Ave, New Brunswick,
type 2 diabetes not on insulin, were reviewed. In total, NJ 08901; e-mail: Hleventhal@ifh.rutgers.edu.
6769 studies were screened for inclusion, 89 were retrieved
for detz.nled analysis, and 29 met criteria for inclusion in 0. 10 1177/0145721707309807
the review.

Data Extraction

Data on the impact of SMBG on HbA I¢, potential medi-
ators and moderators, study design and participants, and
limitations of each study were retrieved.
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Data Synthesis

Twenty-nine studies were included in this review: 9
cross-sectional studies, 9 longitudinal studies, and 11
randomized controlled trials. Evidence from the cross-
sectional and longitudinal studies was inconclusive.
Evidence from randomized controlled trials suggests that
SMBG may lead to improvements in glucose control.
Very few studies examined potential mediators or mod-
erators of SMBG on HbAlc levels.

Conclusions

SMBG may be effective in controlling blood glucose for
patients with type 2 diabetes. There is a need for studies
that implement all the components of the process for
self-regulation of SMBG to assess whether patient use of
SMBG will improve HbAlc levels.

his review summarizes current studies on the

relationship between patient self-monitoring

of blood glucose (SMBG) and the control of

type 2 diabetes. Although there is some evi-

dence to suggest that SMBG is effective in
improving blood glucose levels among patients with type
2 diabetes not on insulin, the evidence is still unclear and
contested. In this article, assessment of these studies
focuses on the overall efficacy of monitoring on glucose
control and, more important, examines what the studies
do and do not tell us as to how, and for whom, SMBG
may be effectively incorporated into patients’ voluntary,
self-regulatory behavior to achieve effective blood glu-
cose control. The authors use the commonsense model of
self-regulation'? as the theoretical framework for apprais-
ing whether the studies address the “for whom” and
“how” questions. The use of the model is consistent with
calls to make theory more explicit in research on diabetes
education® and to state hypotheses a priori.*

The current debate is focused on whether SMBG is
efficacious among patients with type 2 diabetes who are
not on insulin.>® The American Diabetes Association
(ADA), in its Clinical Practice Recommendations 2007,
has found sufficient evidence to recommend SMBG for
patients prescribed multiple daily insulin injections
(ADA level of evidence = A); the recommendation for

the use of SMBG among patients not on insulin, in addi-
tion to recommendations for when and how patients
should use SMBG, is based on less sufficient evidence
(ADA level of evidence = E).” The ambiguity regarding
the use of SMBG for patients not on insulin arises as
prior studies and reviews have focused on the overall
impact of SMBG on HbAlc and have not assessed
whether the implementation was sufficiently comprehen-
sive to address each of the factors needed to create a
complete feedback system for effective, patient-centered
self-management.**!! The central issue for both theory
and practice is to identify the conditions under which
self-monitoring, a patient-centered ‘“‘executive control
process,” can control the biomarkers that are ordinarily
regulated by complex, automatic, involuntary processes
in patients without diabetes. Teaching volitional manage-
ment to patients with type 2 diabetes involves more than
instructing them in the use of a meter. SMBG can only be
effective if patients recognize when a reading is high or
low; make changes in oral medication, diet, or exercise in
response to the reading; and evaluate the efficacy of these
self-management behaviors with a subsequent reading.
The patients also must learn that these objective readings
and not their subjective feelings (fatigue, dizziness, etc)
are valid indicators of elevated blood glucose and the
basis for guiding self-management. Learning to use
objective readings rather than subjective feelings as
the target for self-regulation means that patients must
ignore the commonsense knowledge of their personal
histories and culture that define symptoms and dysfunc-
tion as valid signs of illness.'>!

The logic underlying this study’s view of patient-
centered self-management (ie, the commonsense model of
self-regulation') led to the expectation that the efficacy
of SMBG would depend on whether the interventions
created a patient-centered behavioral control system that
would address the patient’s skills in (1) taking a blood
glucose reading; (2) interpreting the reading as a target
for action; (3) perceiving linkages between specific behav-
iors (diet, exercise) and the reading (ie, which behaviors
lower an above-target reading and which raise a below-
target reading); (4) implementing action plans (ie, behav-
ioral and treatment adjustments) in response to SMBG;
(5) giving less weight to subjective symptoms that are the
basis for commonsense decisions that one is sick or well,
as these cues are invalid guides for the regulation of blood
glucose levels; (6) incorporating the behavioral system
into the patient’s ongoing daily behavioral patterns to
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eventually become automatic; and (7) viewing difficul-
ties in achieving control as issues of adjusting the behav-
ioral treatment, not deficits in personal motivation or
competence for self-management. The goals of this sys-
tematic review are (1) to report on the overall impact of
SMBG on HbAIc for patients with type 2 diabetes and
(2) to examine whether existent studies have identified
and assessed the mediators and moderators comprising
the processes underlying the relationship of SMBG to
HbAlc.

Method

Searching

Five databases were searched: Medline, PsychInfo,
Cochrane Database of Systematic Reviews (first quarter
2006), Cochrane Central Register of Controlled Trials
(first quarter 2006), and Cumulative Index to Nursing &
Allied Health Literature (CINAHL). Search terms included
words for (1) diabetes mellitus/diabetes, (2) monitoring/
self-monitoring, and (3) glucose/blood glucose/blood
glucose in each database.

Selection

All citations were entered into endnotes and dupli-
cates removed. Reviewer LD screened the remaining
entries’ titles and abstracts for articles that met the inclu-
sion and exclusion criteria. The articles were then
retrieved and read for final inclusion.

The inclusion criteria were empirical studies pub-
lished since 1990 that included patients with type 2 dia-
betes who were not using insulin and that examined the
effect of SMBG on HbAlc levels, the primary outcome
measure, and the currently accepted standard for moni-
toring long-term glucose control.'*'® Because a major
objective of this review is to identify conditions that
mediate the efficacy of SMBG, this study retained cross-
sectional, longitudinal, and randomized control trials
(RCTs), as well as studies that included both patients
who were on and not on insulin and studies with patients
with both type 2 and type 1 diabetes.

Studies that focused on special subsets of patients,
such as adolescents with type 2 diabetes and patients
with gestational diabetes and patients dealing with blind-
ness or renal failure, were excluded, as these patients are
not representative of the broader population of patients
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with type 2 diabetes. It is unclear how findings in spe-
cialized populations would illuminate the efficacy of
monitoring in the larger population. Studies were also
excluded if monitoring was performed by someone other
than the patient (eg, a health professional) or used fruc-
tosamine monitoring. Although this discussion is
informed by findings from relevant qualitative studies, a
comprehensive review of these studies was not con-
ducted as they do not provide quantitative results of the
effect of SMBG on HbAlc. Studies in which SMBG was
embedded in complex interventions that used multiple
factors unrelated to SMBG monitoring were also
excluded. The decision to exclude studies published
before 1990 was based on substantial improvements in
ease and accuracy of monitoring from that time to the
present. As the efficacy of monitoring for patients on
insulin is accepted,’ studies assessing efficacy of moni-
toring only for patients on insulin were excluded. Finally,
only studies available in English were reviewed.

Validity Assessment

Studies were reviewed for the ADA evidence grad-
ing criteria by LD, and questions regarding grading
were referred to and resolved by the medical members
of the team (SHS, EB). Only studies that met ADA evi-
dence grading criteria A, B, or C were included in the
review.

Data Abstraction

The data were collected and organized by LD, and a
trained research assistant reviewed the data for accuracy.
Both the results of the data abstraction and questions
about the data were then reviewed and discussed in detail
with all authors.

Study Characteristics

Data were collected on the primary outcome (HbA1c),
study population (number of participants, gender, ethnic-
ity, current medication used by patients, and type of dia-
betes), study design, mediators and moderators, and
limitations.

Data Synthesis

Data are summarized in Table 1. Missing data were
marked “not reported” (NR) within the table.
(text continues on p. 1003)
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Articles screened for
inclusion from
databases and
references of relevant

\ 4

Articles retrieved for
detail appraisal (N=89)

\ 4

Articles included
within the review
(N=29)

Articles eliminated
because were not
relevant to current
review or duplicates

Articles excluded (N=60)

= [Intervention too
comprehensive (N=8).

=  Did not examine the
association of HbAlc and
SMBG (N=26)

*  Only included pt on insulin

Figure 1. Trial flow diagram.

Results

Trial Flow and Study Characteristics

Twenty-nine studies met criteria for review: 9 cross-
sectional studies, 9 longitudinal studies, and 11 RCTs
(see Figure 1 for trial flow). Study details are shown in
Table 1.

Data Synthesis

Data are presented by the 3 types of study design:
cross-sectional, longitudinal, and RCT. Each section first
describes the results of SMBG on HbAlc, reports next
on study limitations, and then describes factors that
mediate or moderate the relationship between SMBG
and HbAlc levels.

Cross-sectional studies. Results of the 9 cross-
sectional studies were inconclusive. Two showed that
monitoring of glucose was correlated with lower HbAlc
levels,'?” and 3 found that glucose monitoring correlated
with higher HbA1c levels.?"> Among the latter 3 studies,

McAndre wm e al

that by Franciosi and colleagues* found monitoring
associated with worse control only for patients not on
insulin; there was no association of SMBG with HbAlc
for patients on insulin. The remaining 4 studies reported
no significant association between self-monitoring and
HbA1c**?"; 1 of the 4 compared “home glucose monitor-
ing” of urine (74 patients) and blood glucose (19
patients) to patients not monitoring (103) and found no
significant differences in HbAlc among the groups.”’

As monitoring and glucose control are assessed at the
same time point in cross-sectional studies, it is impossible
to tell whether monitoring affected glucose control or, con-
versely, whether patients in poor control were motivated to
monitor. As it is unlikely that monitoring would worsen
control, it seems likely that the 3 studies reporting a nega-
tive relationship of monitoring to HbA 1c reflect high levels
of self-monitoring among patients with elevated HbAlc.
This interpretation is consistent with Harris’s> finding that
patients with higher levels of HbA1lc were both more likely
to monitor and more likely to be on insulin.

With respect to mediators and moderators of
SMBG, only 3 cross-sectional studies assessed if and how




The Diabetes EDUCATOR

1004

monitoring affected patient behavior. For example,
Franciosi and colleagues®' reported better control among
patients prescribed insulin who self-administered in
response to SMBG readings in comparison to patients
who did not use insulin in response to these readings.
Self-management procedures were not assessed for non-
insulin users. In a study by Patrick and colleagues,” only
38% (37 of 97) of patients with type 2 diabetes not treated
with insulin reported they would change a treatment in
response to self-monitoring feedback. Glucose control for
these patients was not significantly better than that of the
62% of patients who did not report making changes; how-
ever, it is unclear how often these patients actually
changed their management practices in response to mon-
itoring information. Finally, Jaworska and colleagues™
found that patients who reported being able to make
insulin changes in response to readings did not have lower
HbAlc levels. In summary, the cross-sectional studies are
inconclusive as to the result of the effect of SMBG on glu-
cose control. Most important, the directionality of any of
the reported effects is indeterminate.

Longitudinal studies. Nine studies examined the effect
of SMBG on HbA ¢ using longitudinal data. Four®?' of
the 9 found no association of SMBG with HbAlc. Two
other studies found lower HbAlc levels among patients
who did SMBG in comparison to those who did not mon-
itor*? and to those who did not monitor at a recommended
frequency.”® A brief commentary in a seventh study
stated that patients whose medical charts documented
that they were doing SMBG were significantly more
likely to have HbAlc levels below 8%.** An eighth study
by Klein and colleagues® compared those who moni-
tored urine to those who did SMBG. There was no con-
trol group that did not monitor, and there was no
difference in HbAlc between the 2 groups that did.

The ninth study by Soumerai and colleagues®® exam-
ined the effects of providing free monitors to patients in
a New England health maintenance organization (only
monitoring strips had been previously provided).
Monitoring behavior, defined as test strip distribution,
was examined for 19 months prior to the policy change,
5 months during the transition, and 17 months after the
policy change. An interrupted time-series analysis of
trend line for monitoring behavior, pre- and postintro-
duction of free monitors, showed an increase in the initi-
ation of SMBG and in the use of test strips among
patients with type 2 diabetes on oral medication. Patients

who previously had been inconsistent in refilling their
oral medication and now increased their use of test strips
also increased medication adherence, and patients who
were previously in poor control and began monitoring
showed a reduction in HbAlc levels. The analyses by
Soumerai and colleagues® suggest that the initial level of
HbAIc may moderate one’s ability to detect the efficacy
of monitoring and that the effects of monitoring on
HbAlc may be mediated by increases in medication
adherence.

The Methods sections of these studies point to limita-
tions in the implementation and assessment of mediators
and moderators similar to those found in the cross-
sectional studies. It is unclear if patients were instructed
to monitor because they were in poor control or if self-
monitoring did not lead to control. It was also unclear
whether the intervention addressed the components of
self-regulation essential for mediating the benefits of
monitoring. The specific instructions patients were given
about the procedure and the validity of self-monitoring
(ie, when to monitor and what to do in response to read-
ings) were rarely described, and most studies did not
assess these mediators. One study®' reported that when
clinicians became aware “that SMBG level may be unre-
liable, these levels were rarely used alone as criteria for
insulin change or life-style adjustment suggestions.” If
this was explicitly or implicitly communicated to
patients, it would likely undermine motivation to self-
monitor and the use of SMBG to guide behavior.

Five of the 9 studies reported mixed results on the rela-
tionship between frequency of monitoring and HbAlc
levels. Karter and colleagues® found that more frequent
monitoring was correlated with better control among
patients with type 2 diabetes. Although Meier and col-
leagues®® found that SMBG was associated with better
control, they also found no change in glucose control
from a policy change that reduced the availability of test
strips and lowered the average frequency of monitoring
from 1.37 to 0.74 times a day had. Finally, 3 of the 9 that
assessed frequency of monitoring®*** found no evidence
of a relationship of frequency of SMBG to HbAlc, and 2
reported no relationship between length of time monitor-
ing and HbAlc levels.*** In summary, the evidence is
suggestive at best that monitoring might help patients bet-
ter manage blood glucose levels and lower HbAlc levels.

Randomized control trials. Eleven RCTs tested the
effects of monitoring on HbAlc levels. Six of the 11 trials

Vol yme 33, N gmber 6, November/December 2007
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comparing monitoring to a control condition reported
improved glucose control in the monitoring condition.?’**
One™® of the 6 reported a significant decrease of HbAlc
(1.37%) in the intervention arm and a nonsignificant
reduction (0.38%) in the control arm but did not, how-
ever, report whether the magnitude of HbAlc reduction
in the monitoring arm was statistically superior to that in
the control.

Two of the 5 remaining trials failed to detect an advan-
tage of a monitoring intervention on glucose control.
That by Davidson and colleagues* reported a reduction
of HbAIc in the monitoring condition (0.8%) not signif-
icantly different from the control (0.6%), and Muchmore
and colleagues* reported that the comparison between
the 12 patients in the monitoring group (HbAlc lowered
by 1.54%) was not significantly greater than that for the
11 patients in the control condition (HbAlc reduced
0.84%); the study was likely underpowered. The third of
the 5 studies by Moreland and colleagues® used a 3-arm
design that compared an intervention, which combined
monitoring with a booklet designed to help patients form
more reasonable “expectations and responses” to moni-
toring, to monitoring alone and a control arm. Although
there were no significant differences in the magnitude of
the change in HbAlc across the 3 conditions, Moreland
and colleagues® found that the number of patients who
showed an improvement in HbAlc was significantly
greater in the monitoring intervention with a booklet.

The final 2***7 of the 5 nonsignificant RCTs are less
relevant to the main objective of this review (ie, does
patient monitoring lead to improvements in HbA1c?) as
they compared SMBG to urine monitoring and did not
use a nonmonitoring control. Both studies***” reported
significant reductions in HbA1c in both trial arms and no
differences in HbAlc between patients who monitored
urine levels and those monitoring blood glucose.

A number of methodological factors complicate the
interpretation of the results of these trials. In 3 tri-
als,**'“? patients in the monitoring arm received addi-
tional resources (ie, education, medication, or support)
not given control patients. Additions that told patients
how to respond to high or low SMBG readings would
define a key mediator for the formation of a coherent
self-regulatory system. Additions that facilitated reduc-
tions in HbAlc but were unrelated to the behavioral
monitoring system (eg, additional social support) would
be defined as independent influences or trial confounds.
Studies also combined data from patients with type 1 and
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type 2 diabetes, as well as data from patients on insulin,
with patients controlled by oral medication or diet
alone.”* Perhaps less problematic, patients were ran-
domized by group rather than by person, and new
patients were added to replace dropouts.****4 Davidson
and colleagues® conducted the only trial that blinded cli-
nicians to the patients’ treatment group. Finally, the trial
by Seaton* should be given little weight as only 10
patients were randomized, the author did not report if the
between-group difference was statistically significant,
and the results were reported only in an abstract.*’

In examining potential moderators of response, 3
studies’*** found that patients in poor control were
more likely to benefit from SMBG. This supports the
prior suggestion®® that the initial level of glucose control
will moderate the effects of SMBG on HbAlc. Guerci
and colleagues® found that lower duration of diabetes
predicted improved HbAlc, whereas Schwedes and col-
leagues*! found that longer duration of diabetes may lead
to a delayed response. Muchmore and colleagues** and
Allen and colleagues,*® however, did not find that either
initial HbAlc or duration of illness was related to the
effect of SMBG on HbAc. Finally, Allen and colleagues
reported a trend for greater improvement in HbAlc from
SMBG among younger and more educated patients.

The RCTs differed on the instruction given to patients
concerning monitoring. Supplemental findings from 2
studies®”*! are consistent with the view that SMBG should
be viewed as a component of a larger behavioral system.
Schwedes and colleagues*' instructed patients to monitor
12 times a week before and after meals and to change
their regulatory behaviors (diet, exercise, medication) in
response to their SMBG readings; patients who changed
behaviors in response to SMBG readings had signifi-
cantly lower HbAlc levels than those who did not.
Although Guerci and colleagues®” did not give explicit
instruction to patients concerning changing behaviors in
response to monitoring, they reported that patients who
monitored were more likely to follow dietary recommen-
dations and had better controlled HbAlc.

Discussion

Effect of SMBG on HbA1c

Neither the cross-sectional nor longitudinal studies
support the hypothesis that SMBG can be effective for
improving the control of blood glucose levels among
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patients with type 2 diabetes not using insulin. Six stud-
ies found that monitoring was related to lower levels of
HbAlc (2 cross-sectional®* and 4 longitudinal®***¢), 8
found no association between monitoring and HbAlc
(4 cross-sectional®*?” and 4 longitudinal®®*"), and 3 cross-
sectional studies*' > reported that SMBG was associated
with worse control. Regardless of their findings, the
cross-sectional studies are basically uninterpretable as
one cannot conclude that SMBG preceded or was acci-
dentally correlated with good control, or was initiated by
patients who were in poor control. The longitudinal stud-
ies fail to clarify the picture as they are evenly divided
between positive effects and null effects.

A more favorable image of SMGB for controlling
blood glucose levels emerges from the results of the
RCTs and Soumerai and colleagues’®® well-designed
interrupted time-series analyses. Of the 9 RCTs** that
compared a monitoring intervention to a control, 6%+
reported lower levels of HbAlc for patients in the moni-
toring condition. In no trial did the monitoring condition
lead to worsening of HbA lc, although for 3**** of the 9,
improvements in the monitoring condition were not sta-
tistically greater than the control condition. Soumerai
and colleagues™® time-series analysis finding of lower
HbAIc levels following the initiation of monitoring than
during the nonmonitoring time period is consistent with
the results of the RCTs.

This study’s positive view of the benefit of SMBG in
controlling HbAlc for patients with type 2 diabetes is
consistent with previous reviews by Welschen and col-
leagues in Diabetes Care® and the Cochrane Database."
Sarol and colleagues'' also concluded that SMBG
improved glucose control for patients with type 2 dia-
betes. All 3 reviews examined only RCTs whose partici-
pants were not on insulin. Less favorable judgments were
offered by Coster and colleagues’ and Faas and col-
leagues,® both of whom stated that the evidence is insuf-
ficient to support the hypothesis that self-monitoring is
effective in improving glycemic control, although both
called for further studies. Coster and colleagues’ and
Faas and colleagues® also included a study in which some
participants were on insulin.

This study broadened the criteria for inclusion and
reviewed cross-sectional studies, longitudinal studies,
and RCTs using a variety of treatment strategies, includ-
ing studies with some patients on insulin, to obtain as
much evidence as possible respecting the effects of
SMBG on HbAlc and the moderators and mediators of

treatment outcomes.***° This study balanced the broader
inclusiveness in the type of studies reviewed by narrow-
ing the focus to studies of patients with type 2 diabetes,
some of whom were not on insulin and others who were.
By excluding studies of patients with type 1 diabetes and
studies that only included patients on insulin, this study
avoided duplicating prior recommendations that have led
to acceptance of SMBG for patients using multiple
insulin injections a day (ADA level of evidence = A).’
This allowed the authors to conduct a thorough review of
studies for which the ADA recommendations have the
least evidence (ADA level of evidence = E).” It is impor-
tant to note, however, that the favorable evidence for
SMBG for patients using insulin is consistent with this
study’s theoretical model. Insulin is relatively fast acting,
and SMBG provides a direct indication of its effects. The
combination of insulin and SMBG provides patients with
clear evidence of the utility of the combination for con-
trolling blood sugar levels and facilitates the acquisition
of the volitional patient-centered feedback loop essential
for effective self-management.

Mediators and Moderators

The optimistic message that monitoring can be an
effective tool in patient-centered care for patients with
type 2 diabetes (ie, for self-regulation of blood glucose
and lower levels of HbAlc over time) assumes that
SMBG is embedded in a multicomponent system for
effective, volitional control. This study suggests that
conscious or voluntary management requires the imple-
mentation of a complete control system in which the
patient must (1) know how to take a reading; (2) under-
stand when the reading is above (or below) target values;
(3) see the connection between deviant readings and
prior behavior (eating, exercise, and under- or overuse of
medication); (4) have and implement an action plan to
control glucose levels; (5) rely more heavily on SMBG
readings and give less weight to subjective feelings of
well-being and possibly false signs of hyperglycemic
distress (eg, feeling dizzy or shaky); (6) create simple
action plans that will allow the patient to integrate them
into his or her ongoing life patterns, the use of SMBG,
and the behaviors needed for effective blood glucose
management; and (7) evaluate glucose readings in a
nonjudgmental framework. Meeting blood glucose tar-
gets needs to be viewed as an ongoing problem-solving
process and target misses as problems with the intensity
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or timing of specific control behaviors and not as fail-
ures of the self.

Of these 6 hypotheses, only 1 hypothesis was examined
by the studies reviewed. The RCT conducted by Schwedes
and colleagues*' found that patients who changed self-
management behaviors in response to SMBG showed
improvement in HbA ¢, and this finding is consistent with
this study’s hypothesis that SMBG is effective when it is
used by the patient to make treatment adjustments.
Similarly, Guerci and colleagues®” found that patients who
monitored were more likely to follow dietary advice and
had better glucose control. Of the 3 cross-sectional stud-
ies??%?” and 1 longitudinal study® that examined the
impact of treatment adjustment in response to SMBG on
HbAlc, only 1 found that patients who made treatment
changes in response to SMBG were in better control.”! The
quality of these studies, however, prevents interpretation
(all used self-report, 2 studies asked only about the abil-
ity?® or if the patient “would ever™ adjust therapy, and in
1 study, only 7 patients reported making changes®).
Although this study had no specific hypotheses regarding
moderators, evidence from the review of RCTs suggested
that greater initial HbA1c***#* and shorter duration of
diabetes®”*! may be associated with improved response
and lower HbAlc. Other RCTs, however, found no asso-
ciation of initial HbA 1¢**“° or duration of diabetes**® with
improved response.

This study’s finding of an inadequate assessment of
moderators and mediators by the studies reviewed may
reflect a particular bias in the way medical investigators
view the RCTs. Randomized controlled trials testing
SMBG and lifestyle changes are not experiments in
which the independent variable is a single factor, as seen
in classical behavioral studies of perception and learning.
The RCT for glucose monitoring implements a multi-
component system; SMBG is not equivalent to a medical
RCT comparing an active pill to a placebo (with biases
such as differences in adherence, etc, removed).
Interventions that introduce monitoring without creating
the perceived linkages between specific behaviors and
meaningful and valid blood glucose readings do little
more than provide the patient a number, which may be
differ from target but be of little utility for control. The
call for the assessment of moderators and mediators is
not new: it has been advocated by clinical trial investiga-
tors.”! Assessment of the specific components of an inter-
vention allows statistical analyses to identify those that
are active.’
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Implications

This systematic review suggests that SMBG may lead
to improvements in HbAlc for patients with type 2 dia-
betes not on insulin. Few studies, however, implemented
and/or examined the components of the behavioral mon-
itoring system that self-regulation and behavior theory
would suggest as critical for patients to manage diabetes
on their own. Thus, this study found little data to support
or refute hypotheses regarding mediators. For example,
the studies reviewed did not report on the specifics of
what patients were instructed to do in response to their
monitoring results. Some instructed patients to use fixed
time monitoring schedules, which does little to help
patients see how self-management by medication, diet,
and exercise relates to glucose levels. And in 1 instance,*
patients were instructed to monitor blood glucose levels
before meals. It is not clear that patients would learn how
specific meals affected blood glucose levels by premeal
and/or fasting blood glucose monitoring. When SMBG is
embedded in a volitional control system, it provides
feedback as to how specific behaviors increase or
decrease blood glucose.

In addition to using monitoring within a system that
connects behaviors to blood glucose levels, interventions
need to ensure that the objective data provided by SMBG
are used in place of the commonsense subjective cues that
are highly available and easy for patients to use to man-
age diabetes. Patients and clinicians believe that fluctua-
tions in blood glucose produce subjective changes.
Seventy-seven percent of patients have answered yes to
the question “Can you tell, just by how you feel, when
your glucose is too high?”> The subjective cues that com-
mon sense selects as indicators of blood glucose may be
ambiguous, confounded by affective experiences unre-
lated to variation in blood glucose and therefore poorly
correlated with actual blood glucose levels. Not surpris-
ing, patients generally underestimate their blood glucose
levels.”® Moving patients from commonsense cues to
objective blood glucose monitoring may be an important
step for improving monitoring interventions and is con-
sistent with Peel and colleagues’>* conclusion from their
detailed qualitative findings that SMBG helped patients
make “their otherwise invisible and imperceptible illness
visible.” None of the studies reviewed assessed or dis-
cussed the transition from subjective cues and feelings to
objective monitoring as patients shaped their self-regulatory
behaviors to control blood glucose.
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Finally, success in self-regulation requires that
patients create and implement action plans that fit within
their daily lives. Studies of patients with type 1 diabetes
have taught strategies and specific skills that allow
patients to adjust insulin in response to glucose levels
and diet and develop a high level of autonomy for effec-
tive management that allows them the “life they would
live without diabetes.”*>® There is no indication that the
interventions reviewed here considered the issues
involved in incorporating SMBG into the daily life of
patients with type 2 diabetes. This is not a trivial issue as
time for self-management has been reported to take an
average of 2 hours a day.”” Measures of quality of life
are a potential source of evidence for effective and
autonomous self-management processes that fit within a
patient’s life pattern; quality of life was assessed in only
431224144 of the studies reviewed. Only 1 study found
that SMBG was associated with higher depression,”
whereas the remaining 3?2 found that SMBG was not
associated with impaired quality of life. Of these, | RCT
found that SMBG led to improved quality of life for
patients in the monitoring arm. Both qualitative™ and
quantitative®® research on quality of life and SMBG is
consistent with the assumption that quality of life will be
positively associated with SMBG when it is imple-
mented effectively (ie, the patient views the information
nonjudgmentally and takes responsibility for his or her
management).

Given the scarcity of the empirical evidence, caution
is needed respecting the conclusions that have been
drawn about specific mediators and moderators of the
effectiveness of SMBG. Caution does not, however, pre-
clude emphasizing the importance of a theoretical analy-
sis of the behavioral processes that underlie a volitional
action such as SMBG. Effective blood glucose control
through blood glucose monitoring, either in a RCT or in
clinical practice, requires careful and thorough imple-
mentation. Medication and lifestyle changes that are
unused or used inappropriately will not improve the
function of a complex, in vivo physiological system; this
is true for the control of blood glucose, blood pressure,
and other biological markers for risk. Successful treat-
ment, whether it be medication, diet, or exercise in com-
bination with SMBG, requires that practitioners address
both the physiological and the behavioral control sys-
tems regulating blood glucose levels. Failure of blood
glucose control in personalized medicine represents a
failure of the medical care system, not a failure of
the patient.
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Addendum

Since the completion of this systematic review of self-
monitoring of blood glucose (SMBG) for patients with
type 2 diabetes, one of the largest randomized control tri-
als of SMBG was published in the British Medical
Journal.' This study provides an important contribution to
the literature in that it is a well-designed trial that
addresses many of the limitations of previous SMBG
interventions, including sufficient power to detect clini-
cally meaningful differences in HbAlc levels. In addition,
it examined not only SMBG but also SMBG within a
behavioral framework using psychological theory. Farmer
and colleagues' randomized 453 patients to 1 of 3 arms: a
control where patients and their doctors received HbAlc
readings prior to an appointment; an SMBG intervention
that asked patients to monitor blood glucose 3 times a day,
twice a week and talk to their doctor for interpretation;
and an intense SMBG intervention that asked patients to
monitor their glucose levels at the same rate and taught
them skills for personal interpretation. All patients
received a behavioral goal-setting intervention based on
Leventhal’s commonsense model of self-regulation.
Although the intense self-monitoring group showed a
0.17% reduction in HbAlc, the between-group difference
for HbAlc did not reach statistical significance.

Although Farmer and colleagues' should be com-
mended for their well-thought-out and timely study, of
concern is the discrepancy between HbA1c improvement
found in this trial and the HbAlc improvement found in
other trials. Of the 11 randomized control trials (RCTSs)
examined in this systematic review, only 1 found less
improvement in HbAlc levels for the SMBG arm,? with
the majority showing at least 3 times the level of improve-
ment. The results presented here suggest that patients

who are in poor control are the ones who may benefit the
most from SMBG. The mean baseline HbAlc level of
7.5% of the patients recruited by Farmer and colleagues'
may have limited the ability to detect improvement from
monitoring. Consistent with this possibility, Farmer and
colleagues’ reporting of subgroups suggests that patients
in their study who were in poorer control benefited the
most from the SMBG intervention, as patients on oral
medication had a greater reduction in HbAlc levels than
those treated with diet alone (this effect was not statisti-
cally tested).

Further analysis of mediating and moderating vari-
ables may provide clues as to why intensive intervention
patients did not show significant improvements in
HbAlc levels. Specifically, patients need to substitute
objective readings (SMBGQG) for subjective cues to assess
blood sugar levels. Participants in Farmer and col-
leagues’ intensive intervention, however, were reporting
significantly more subjective symptoms used to identify
hypoglycemia episodes.! As patients concerned about
hypoglycemia have elevated glucose, intensive partici-
pants may have experienced conflict between subjective
cues and objective indicators, accepted higher readings,
and had the greatest difficulty with self-management
based on objective readings. This is consistent with their
less frequent use of meters. In addition, patients appear
more likely to succeed in using SMBG to regulate diet
and exercise if they monitor both before and 2 hours after
a meal.? In the paper by Farmer and colleagues, patients
were described as monitoring either before or after a
meal.* It is unclear how patients could develop a behav-
ioral regulatory system without specific feedback about
their diet and exercise activities.

Although the conclusion that SMBG may be effective
in controlling HbAlc for patients with type 2 diabetes
not treated with insulin is maintained here, the well-
designed and adequately powered study by Farmer and
colleagues' highlights the difficulties both for conducting
trials and for clinical practice. Attention to how (pre-
and postaction), when (initially diagnosed), and for
whom (poorly controlled) can maximize the possibility
that SMBG can help the patients achieve effective blood
sugar control. As patients develop a steady state of good
diabetes control, they may use SMBG only as an occa-
sional check. But as the patient’s physiology changes,
causing a deterioration of control, the individual should
use SMBG to readjust his or her self-regulation.
Recommendations to not use self-monitoring may have
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small ramifications in the short term, but as patients con-
tinue in maladaptive regulatory behaviors, the effects
may be magnified. As such, trials should continue to
examine the effect of SMBG on patients with type 2 dia-
betes not on insulin.
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