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PREFACE

VA’s Health Services Research and Development Service (HSR&D) works to improve the cost,
quality, and outcomes of health care for our nation’s veterans. Collaborating with VA leaders,
managers, and policy makers, HSR&D focuses on important health care topics that are likely to have
significant impact on quality improvement efforts. One significant collaborative effort is HSR&D’s
Evidence-based Synthesis Program (ESP). Through this program, HSR&D provides timely and
accurate evidence syntheses on targeted health care topics. These products will be disseminated
broadly throughout VA and will: inform VA clinical policy, develop clinical practice guidelines, set
directions for future research to address gaps in knowledge, identify the evidence to support VA
performance measures, and rationalize drug formulary decisions.

HSR&D provided funding for the two Evidence Based Practice Centers (EPCs) supported by the
Agency for Healthcare Research and Quality (AHRQ) that also had an active and publicly
acknowledged VA affiliation—Southern California EPC and Portland, OR EPC—so they could
develop evidence syntheses on requested topics for dissemination to VA policymakers. A planning
committee with representation from HSR&D, Patient Care Services, Office of Quality and
Performance, and the VISN Clinical Management Officers, has been established to identify priority
topics and to insure the quality of final reports.

Comments on this evidence report are welcome and can be sent to Susan Schiffner, ESP Program
Manager, at Susan.Schiffner@va.gov.

HSR&D Evidence Synthesis Program — i
Home Glucose Monitoring


mailto:Susan.Schiffner@va.gov�

TABLE OF CONTENTS

INTRODUGCTION . ..ottt ettt et s e be s a8 sbe s e st e s e R e e R e e st e be s e bt bt e R e e be b e Rt e b et e st e be b e st e be b ene e bt ens 1
BACKGROUND. .......eitiiitiiitittete ettt ettt et ettt st sht et e bt eat e eat e e bt e b e e bt et e eaeesatesbe e bt et e e et e ee b e et s enbe e bt emteemtesatesbeenbeenbeenteeanens 1
IMIETHODS ...ttt ettt b ettt b et et b et e £t e b et e b e eb et e b e e b et e b e e b et e b e eb e s e e b e e be e e b e ebe e ebeebeneebeebe st ebeabe e ereabe e 2
TOPIC DEVELOPMENT ....uttiuietttentettetetetestestesestentesesseseesesseneesesseneesessentesesseneesessensesessentesessentesessentesessensesessensasensensesensensesenes 2
SEARCH STRATEGY -...uttuttettetteteeteeteeeesseesueesseanstanseenseassaaseeseanseanseamsesmeesseasseanseanseanseaseesseeseanseensesnsesneesneesseenseanseenseensesseens 2
STUDY SELECTION ......ttiuttitterttenteeteeteeitesttesttenttenttenteessesseesseenseenseamseaaeesatesseenseenteamteanteeseeabeenbeen st embeeatesstesutenbeenseenteentenneenseens 3
DATA ABSTRACTION.....cutiitiiteutieiteeitesttente e st et et sttesbee bt eateeateeatesteesbe e bt eateeatesbtesbe e bt emteeateebteebaenbe e bt embeemtesatesbeenbeenteenteeanens 4
QUALITY ASSESSMENT ....cutieitieeteeeteesseeateesseessseesseessseessssessseessssesssesssssessseesssesssssessssessssessssessssessssessssessssessssessssessseessssesns 4
DIATA SYNTHESIS .....ttetteettetteteete et ettt e ste e bt ea et eu e e et teabee bt emteeatesaeesueeab e et e emteee e e eaeeab e e bt em bt eabeeaeesaeenbee bt enteenteeseesbeenbeenbeenneenees 4
RATING THE BODY OF EVIDENCE .......ccttiterttettetietenttenteenieeteetesueesueesseesstesseeesesusesuaenseenseessesssesaeesseenseenseensessnesssesseenseessesnnes 5
PEER REVIEW ...ttt ettt ettt ettt e et b et e et et e e me e ea e e es e et e em et emeeemeees e e st en st emseemeesmeeesee st enseenteeneeeseenneenseenneenees 6
RESULTS .ottt ettt e ettt e b s e e te e 4 e e et e e 4 e s e ke a4 e s e b e eb e e e R e e be e et e ebe s et e eb e s et e et e e ebe et e e eteebeseteebe st eteabeseereare e 7
LITERATURE FLOW ...otiuiiiiitiieiietiietetiete ettt ettt ettt se st sesse st ese s esseseesasseseasanseseesenseseesanseseesensestesenseneesenseneesanseneesensens 7
DESCRIPTION OF THE EFFICACY EVIDENCE......cciiiutttiiiitteiiitte ettt e ettt ee e et ee e ettt e seaitee e sttt e e sabteessabbeeesbbeeesaabaeeseasseeesanbeeeans 7
KEY QUESTION #1: IS REGULAR SELF-MONITORING OF BLOOD GLUCOSE EFFECTIVE IN ACHIEVING TARGET A1C LEVELS FOR
PATIENTS WITH TYPE 2 DIABETES? ...t tuteitteittestt et et ette et e st e bt ete et satesatess e e st emeeemseeseeaseeaseeaseenseenseeneesseesseenseenseenseeneenseans 14
KEY QUESTION #2: IS REGULAR SELF-MONITORING OF BLOOD GLUCOSE EFFECTIVE IN MAINTAINING TARGET A1C LEVELS
FOR PATIENTS WITH TYPE 2 DIABETES? ....cottittettetteiteettestte st e bt e et st shteste et et esteebtesb e e bt enbeemteemeesatesaeenbeenteenseenneenaenseens 19
KEY QUESTION 3: DOES REGULAR SELF-MONITORING OF BLOOD GLUCOSE REDUCE THE FREQUENCY OF HYPOGLYCEMIA IN
PATIENTS WITH TYPE 2 DIABETES? ...cuiiiitiiiteitett et ettt st et et et e st saeesae et estteesesasesbeenbeesbeemseemsesanesueenseemseenneeanesanensnens 19
KEY QUESTION 4: IS THERE EVIDENCE THAT DIFFERENT FREQUENCIES OF TESTING RESULT IN DIFFERENCES IN
IMPROVEMENTS IN A LC? ...ttt sttt et et a e s bt e s bt e bt e bt e et e s atesht e s bt e bt emteenbeeaeeebee b eenbeenaeenaesatesaeenne 20
SUMMARY AND DISCUSSION.......ciiiiiieiiitiiieiiste ettt stesessessesessessesassessessssessesessessessssessessssessessssessessssessessasessenes 21
LIIMITATIONS. ...ttt ettt ettt ettt e bt e b et et e et s bt e sh e e et em et ea e eh e e eb e e bt em bt em b e e meeee e e ehe e bt et e embeembeeb e e bt e b e enbeemaesntesaeenbeenaeenee 21
CONCLUSIONS .....uteuttiuteeitenttentt et et ettt euseste e bt e bt e aeeasesatesutesueemseeasteaseeasests e bee st embeeasesanesaee st emteeateeaneeusenbeenbeenbeenneennesanesueenne 22
FUTURE RESEARCH ..ottt h ek h etk btk bbb e bbbt et b etk s b et et s b e st et b e 24
REFERENCE LIST ...ttt sttt bbb ekt b et s b et b e btk s bbb e Rt e b b e st ek e b et e b s b e st et s b st et nr e 25
APPENDIX A. DATA COLLECTION FORMS.......oooiiiiiiitiiet ettt sttt bt ne st 28
APPENDIX B. PEER REVIEW COMMENTS TABLE ...ttt 51
APPENDIX C. EVIDENCE TABLE ...ttt ettt b ettt ne et b ne st nens 56

In-Text Figure and Tables
TABLE 1. COMPARISON OF RCTS WE INCLUDED IN OUR REVIEW WITH THOSE INCLUDED IN THREE RECENT SYSTEMATIC

REVIEWS. «.uttttttiee et ieeiteeee e e e e eeeeaaeee e e e e eeeeaaaae e e e e eeesetaaseeeeeeeeetaaaeeaeeeeaasasaaaeeeeeeeasasesaseseseeesatsaseseeeeeanstsaseeeseeeansssseeeeeseennnes 8
FIGURE 1. SELF-MONITORING OF BLOOD GLUCOSE LITERATURE FLOW ......cciiiiiiiiiiiiiiiiiieeeeee et 9
TABLE 2. COMPONENTS OF EACH ARM OF THE LTO RCTS. ....ouiiiiiiiiiieeeeeee ettt eeennnees 10
FIGURE 2. ANALYSIS OF MEAN DIFFERENCE BETWEEN CONTROL AND SMBG GROUP AT FOLLOW-UP..........ccvvvvvvvvvvvvnnnnns 15
FIGURE 3. ANALYSIS OF DIFFERENCE OF DIFFERENCES BETWEEN CONTROL AND SMBG GROUP AT FOLLOW-UP.............. 16
FIGURE 4. PUBLICATION BIAS FOR THE 10 RCTS ...ttt ettt ettt e e e s e eaatas e e e e s s esnsaaneeeesessnnes 17
TABLE 3. STUDIES OF SELF-MONITORING OF BLOOD GLUCOSE IN VETERANS .....cvttiiiiiiiitieieeeeeeeeinrieeeeeeeeeinneeeseessesnnnneees 18
HSR&D Evidence Synthesis Program — v

Home Glucose Monitoring



INTRODUCTION

Background

According to the World Health Organization, at least 180 million people worldwide suffer from
diabetes. ' Though prevalent throughout the world, diabetes is more common (especially type 2)
in more developed countries like the United States. The National Diabetes Information
Clearinghouse estimates that diabetes costs $132 billion in the United States alone every year. >
Given these estimates along with the projection that the worldwide incidence of diabetes will
double in the next 20 years, ' intensified research into better management of this chronic disease
1s paramount.

Tighter control of blood glucose is advocated as a means to reduce microvascular and
macrovascular complications. > VA has performance measures assessing the proportion of
patients meeting certain Alc goals, currently 7% and 9%. Theoretically, self-monitoring of
blood glucose (SMBG) can improve compliance with recommendations on diet and exercise and
medication regimens. The American Diabetes Association has recommended that the optimal
frequency of SMBG for patients with type 2 diabetes should be adequate to facilitate reaching
glucose goals. This hypothesis is based on the expectation that life style changes are facilitated
by SMBG. Under these conditions, we should expect an improvement of glycemic control
SMBG may decrease patient management costs, and because of the high prevalence of type 2
diabetes, efforts to establish the efficacy of SMBG in type 2 diabetes mellitus are of greater
relevance. Methods to achieve improved glycemic control, and therefore a higher proportion of
patients meeting target Alc levels, include diet, exercise, and medication. However, evidence
supporting the use of SMBG for diabetics not requiring insulin is not as clear.

The purpose of this review is to analyze the literature to answer four key questions given to us by
VA: 1) Is regular self-monitoring of blood glucose effective in achieving target Alc levels for
patients with type 2 diabetes?; 2) Is regular self-monitoring of blood glucose effective in
maintaining target Alc levels for patients with type 2 diabetes?; 3) Does regular self-monitoring
of blood glucose reduce the frequency of hypoglycemia in patients with type 2 diabetes?; 4) Is
there evidence that different frequencies of testing result in differences in improvements in Alc?
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METHODS

Topic Development

This project was nominated by Dr. Chester B. Good, from the VA Pharmacy service for the
Evidence Synthesis Project. Key questions were discussed and finalized during a conference call
that included the Steering Committee of the Evidence Synthesis Project and the VA Greater Los
Angeles project site director. The final key questions are:

1. Is regular SMBG effective in achieving target Alc levels for patients with type 2 diabetes?
2. Is regular SMBG effective in maintaining target Alc levels for patients with type 2 diabetes?
3. Does regular SMBG reduce the frequency of hypoglycemia in patients with type 2 diabetes?

4. Is there evidence that different frequencies of testing result in differences in improvements in
Alc?

Search Strategy

This topic has been the subject of several previous reviews.

Faas et al. (1997) * This review covered the years 1976-1996 and identified 11 studies from two
Medline searches that met the inclusion criteria. Studies were excluded if they were not RCTs
and if the patients were exclusively using insulin.

Coster et al. (2000) ® This review covered the years 1990-1999 and originally identified 18
possibly relevant studies. Non-randomized studies were excluded. The review included eight
randomized controlled trials. Two additional randomized trials were excluded; one because it
used fructosamine as an outcome and the other because it used cluster randomization.
Welschen et al. (2005) ° This review covered the years 1966 to 2004. A total of 36 articles were
retrieved for further review of which five trials were included in the review. A total of six
articles, one in press during the time of the initial search, were examined. Included trials looked
at the effectiveness of SMBG compared with usual care in patients with type 2 diabetes who
were not using insulin at the start of the trial and studies comparing SMBG and urine glucose
monitoring.

Balk et al. (2006, draft report for AHRQ) ’ At the time we received this draft report by the
Tufts-NEMC EPC it had only been distributed for the purpose of peer review and discussion at
the Medicare Coverage Advisory committee meeting and had not yet been disseminated by the
Agency for Healthcare Research and Quality. This review, dated August 16, 2006, identified
five RCTs that evaluated SMBG with Alc as the outcome. Reasons for exclusion from this
review were wrong population (type 1 diabetes), sample size too small (for inclusion n>100 in
the intervention arm), follow-up time too short (for non-clinical outcomes follow-up time had to
be greater than or equal to three months), intervention or outcome not of interest, design (cross-
sectional or retrospective), or the trial contained no primary data or duplicate data.

Jansen (2006) ® This review covered the years 1966-2005. The review included studies that
evaluated SMBG versus no self-monitoring, SMBG versus self-monitoring of urine glucose and
SMBG with regular feedback versus monitoring without feedback. The review identified 27
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studies that underwent quality assessment, from which 14 trials were excluded due to the
outcome they assessed, type of diabetes included or the intervention was not clearly described.

The Balk et al. ’ review was not available to us at the start of this project. We judged the search
strategy and inclusion/exclusion criteria of the review by Welschen et al. ® to be comprehensive
and therefore acceptable as the basis for our own review. We updated this search by searching
PubMed from the end date of the prior search to October, 2006 and performed an update search
in July 2007.

The search strategy is listed below:

DATABASE SEARCHED & TIME PERIOD COVERED:
PUBMED - 2004-2006

LIMITERS:

SEARCH STRATEGY:
Randomized Controlled Trail AND
Diabetes Mellitus, Type 2 AND
Blood Glucose self-monitoring

NUMBER OF ITEMS RETRIEVED: 23

In addition to our PubMed search and screening references from prior reviews, we also
performed reference mining of retrieved articles.

Study Selection

Two trained researchers reviewed the list of titles and selected articles for further review. The
team of researchers consisted of two general internists, one with a special interest in diabetes.
Each article retrieved was reviewed with a brief screening form (see Appendix A) that collected
data on efficacy or effectiveness of SMBG alone or as part of a multi-component intervention,
Alc and hypoglycemia reported as outcomes, the report of frequency of SMBG, duration of
follow-up, study design, and whether or not the subjects in the study were Veterans. To be
included in our evidence report, a study had to measure the efficacy or effectiveness of SMBG
alone or as part of a multi-component intervention and have a follow up duration greater than or
equal to 12 weeks (chosen because of the use of Alc as the outcome measure). Eligible study
designs for efficacy included controlled clinical trials, RCTs, and systematic reviews/meta-
analyses. Observational studies, case reports, non-systematic reviews, letters to the editor and
other similar contributions were excluded as evidence of efficacy. To assess effectiveness, we
required that studies assess SMBG in a Veteran population and VA healthcare delivery setting.
RCTs and observational studies were eligible.

HSR&D Evidence Synthesis Program —
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Data Abstraction

Data were independently abstracted by two general internists trained in critical reading of the
literature, with consensus resolution. The following data were abstracted from included trials:
design; randomization and appropriateness; blinding and appropriateness; withdrawals and
dropouts described; sample size enrolled and followed-up; characteristics of the population
including percent women and race; mean, median, and range of age; mean, median and range of
BMI; mean, median and range of duration of diabetes; reported co-morbidities; sample size and
intervention/exposure data for each arm of the study (intervention/exposure data included
components of the intervention, total number of visits, frequency of SMBG, number of days per
week monitored, duration of treatment, co-therapies); outcomes measured; intervals in which the
outcomes were measured; adverse events. Data abstraction forms are provided in Appendix A.
The mean Alc level and standard deviation was collected by treatment arm for each reported
follow-up point. For trials that reported a mean outcome but no standard deviation, we estimated
the standard deviation by taking the unweighted mean standard deviation across all other trials
that reported standard deviations for the Alc level. °

Quality assessment

To assess internal validity of diagnostic studies, we used the Delphi criteria'® (see Appendix A).
We abstracted data on treatment allocation; was the method of randomization performed and was
the treatment allocation concealed; were the groups similar at baseline regarding the most
important prognostic indicators; were the eligibility criteria specified; was the outcome assessor
blinded; was the care provider blinded; was the patient blinded; were point estimates and
measures of variability presented for the primary outcome measures; did the analysis include an
intention-to-treat analysis. Our own work '' supports using a threshold of four for distinguishing
“high” versus “low” quality studies.

Data Synthesis

Of the articles that were determined to be clinically eligible, duration of follow-up and frequency
of SMBG were reviewed across studies to see if they were comparable.

Since the outcome of interest was the same across all trials, a mean difference was calculated for
each time point that reported statistical data. The mean difference is the difference between the
follow-up mean Alc level for the SMBG group and the follow-up mean Alc level for the control
group. A negative mean difference indicates that the SMBG group has a lower mean Alc score
than the control group. For our main analysis, we did not control for the baseline mean Alc for
each group (a difference of differences estimate) since there is evidence that this approach is
susceptible to bias. '* We presented results controlling for the baseline as a sensitivity analysis.

A pooled estimate was calculated by follow-up time, in the following categories: 3- 6months, 6-
11 months, and 12 months or greater. The pooled estimate was calculated using the
DerSimonian & Laird"® random effects model. In addition, we calculated a pooled estimate
stratified by high and low quality trials.
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Meta-regressions'* were performed to individually examine the effect of treatment frequency,
quality score, and the baseline Alc mean on the mean difference. For trials with more than one
follow-up time, the long term estimates were used.

Test of heterogeneity were performed using Cochran’s Q' and the I” statistic. '® A significant Q
statistic or I” values close to 100% represent very high degrees of heterogeneity. Publication bias
was examined using the Begg rank correlation and Egger regression asymmetry test. All analyses
were conducted in Stata 9.2.

Rating the body of evidence

We assessed the overall quality of evidence for outcomes using a method developed by the
Grade Working Group, which classified the grade of evidence across outcomes according to the
following criteria: '®
0 High = Further research is very unlikely to change our confidence on the estimate of
effect.
0 Moderate = Further research is likely to have an important impact on our confidence
in the estimate of effect and may change the estimate.
0 Low = Further research is very likely to have an important impact on our confidence
in the estimate of effect and is likely to change the estimate.
0 Very Low = Any estimate of effect is very uncertain.

GRADE also suggests using the following scheme for assigning the “grade” or strength of
evidence:
Criteria for assigning grade of evidence

Type of evidence
Randomized trial = high
Observational study = low
Any other evidence = very low

Decrease grade if:

e Serious (-1) or very serious (-2) limitation to study quality
Important inconsistency (-1)
Some (-1) or major (-2) uncertainty about directness
Imprecise or sparse data (-1)
High probability of reporting bias (-1)

Increase grade if:

e Strong evidence of association-significant relative risk of > 2 (< 0.5)
based on consistent evidence from two or more observational studies,
with no plausible confounders (+1)

e Very strong evidence of association-significant relative risk of > 5
(< 0.2) based on direct evidence with no major threats to validity (+2)

e Evidence of a dose response gradient (+1)

e All plausible confounders would have reduced the effect (+1)
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For this report, we used both this explicit scoring scheme and the global implicit judgment about
“confidence” in the result. Where the two disagreed, we went with the lower of the two
classifications.

Peer Review

A draft version of this report was sent to three peer reviewers. Their comments and our responses
are presented in Appendix B.
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RESULTS

Literature Flow

In total, we examined 52 titles. Seventeen articles were identified from prior systematic reviews.
The electronic update search identified 23 articles. An additional 11 articles were identified
through reference mining. One was identified by a content expert.

Of the titles identified through our electronic literature search, 14 were rejected as not relevant to
the project. This left 38 from all sources. Ten articles were excluded at abstract review. In
January 2006 we received the Balk and colleagues draft report of a review of SMBG in type 2
diabetes. ’

We performed an update search in July of 2007 that resulted in two additional articles, one of
which was excluded since it did not test SMBG. In total we reviewed 30 articles.

We compared trials identified for our review with those identified in the three recent systematic
reviews (Table 1). Our review included 10 trials, compared to six in the review by Welschen and
colleagues, ° seven in the review by Balk and colleagues, ’ and 13 in the review by Jansen. *
Jansen included studies of self-monitoring of urine glucose that we did not, and we included
studies rejected by Balk and/or by Welschen for a variety of reasons, detailed in Table 1.

Initial screening of the articles resulted in 14 RCTs that measured the effect of SMBG compared
to a group not receiving SMBG and monitored Alc levels with at least three months of follow-
up. Four were excluded; one because the trial presented duplicate data, the other three because
the trials compared a control group of SMBG to an intervention group of SMBG plus other
components. (Figure 1) We identified five observational studies that assessed the effectiveness
of SMBG in diabetic Veterans.

Description of the Efficacy Evidence

The 10 RCTs ranged in size from 29 to 988 subjects. All patients had type 2 diabetes, the mean
duration of which was three to 13 years. All trials but one included only patients treated without
insulin, the one exception being a trial from Bangladesh that included patients on oral
hypoglycemic agents or insulin and not specifying how many of each type. The average age of
patients was between 50 and 66. Almost all trials included counseling/education with SMBG in
the intervention group, but other components of the intervention were varied (Table 2).

All trials measured Alc as an outcome; five trials assessed this at six months, three trials
assessed this at three months, and five trials assessed this at one year or more. The quality of
trials varied; most trials scored positively on less then half of the criteria on the Delphi list. '°
Details of each trial are presented in the Evidence Table (Appendix C). We now present a brief
synopsis of each trial.
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Table 1. Comparison of RCTs we included in our review with those included in three

recent systematic reviews.

Welschen
(2005) °©

7

Balk (2006)

Jansen
(2006) ®

Our
Review

Comments

Wing RR, Epstein LH, Nowalk MP et al. Does self-monitoring of blood
glucose levels improve dietary compliance for obese patients with type 11
diabetes? Am J Med. 1986 Nove; 81(5):830-6. '’

Fontbonne A, Billault B, Acosta M et al. Is glucose self-monitoring beneficial
in non-insulin-treated diabetic patients? Results of a randomized
comparative trial. Diabete Metab. 1989 Sept-1989 Oct 31; 15(5):255-60.
20

Estey AL, Tan MH, Mann K. Follow-up intervention: its effect on compliance
behavior to a diabetes regimen. Diabetes Educ. 1990 Jul-1990 Aug 31;
16(4):291-5. %!

Excluded in our review because it
evaluated SMBG vs. SMBG plus
other components.

Allen BT, DeLong ER, Feussner JR. Impact of glucose self-monitoring on
non-insulin-treated patients with type II diabetes mellitus: Randomized
controlled trial comparing blood and urine testing. Diabetes Care. 1990
Oct; 13(10):1044-50. *

X

Excluded in our review due to the
comparison of SMBG to self-
monitoring of urine glucose (SMUGQG).

Rutten G, van Eijk J, de Noebl E, et al. Feasibility and effects of a diabetes
type II protocol with blood glucose self-monitoring in general practice.
Fam Pract. 1990 Dec; 7(4):273-8. *

Muchmore DB, Springer J, Miller M. Self-monitoring of blood glucose in
overweight type 2 diabetic patients. Acta Diabetol. 1994 Dec; 31(4):215-
09 24

Jaber LA, Halapy H, Fernet M, et al. Evaluation of a pharmaceutical care
model on diabetes management. Ann Pharmacother. 1996 Mar;
30(2):238-43. %

Miles P. Everett J, Murphy J et al. Comparison of blood or urine testing by
patients with newly diagnosed non-insulin dependent diabetes: patient
survey after randomized crossover trial. BMJ. 1997 Aug 9;
315(7104):348-9. *

X X| X| X

Excluded in our study because it
tested SMBG versus self-monitoring
of urine glucose.

Kibriya, MG, Ali L, Banik NG, et al. Home monitoring of blood glucose
(HMBG) in Type-2 diabetes mellitus in a developing country. Diabetes
Res Clin Pract. 1999 Dec; 46(3):253-7. %

Brown SA, Garcia AA, Kouzekanani K at al. Culturally competent diabetes
self-management education for Mexican Americans: the Starr County
boarder health initiative. Diabetes Care. 2002 Feb; 25(2):259-68. %

Excluded as the primary focus of the
study was delivering culturally
competent diabetes self management
education.

Schwedes U, Siebolds M, Mertes G. Meal-related structured self-monitoring
of blood glucose: effect on diabetes control in non-insulin-treated type 2
diabetic patients. Diabetes Care. 2002 Nov; 25(11):1928-32. %

Guerci B, Drouin P, Grange V, et al. Self-monitoring of blood glucose
significantly improves metabolic control in patients with type 2 diabetes
mellitus: the Auto-Surveillance Intervention Active (ASIA) study.
Diabetes Metab. 2003 Dec; 29(6):587-94. *°

Kwon HS, Cho JH, Him HS et al. Establishment of blood glucose monitoring
system using the internet. Diabetes Care. 2004 Feb; 27(2):478-83. *'

X

Excluded because control group also
used SMBG.

Davidson MB, Castellanos M, Kain D et al. The effect of self-monitoring of
blood glucose concentrations on glycated hemoglobin levels in diabetic
patients not taking insulin: a blinded, randomized trail. Am J Med. 2005
Apr; 118(4):422-5. %

X

Farmer A, Wade A, Goyder E, et al. Impact of self monitoring of blood
glucose in the management of patients with non-insulin treated diabetes:
open parallel group randomized trial. BMJ. 2007
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Figure 1. Self-monitoring of Blood Glucose Literature Flow

Articles identified from prior systematic reviews

n=17
A 4
Content Expert Update search, 10/06 Reference mining
n=1 n=23 n=11

A 4 A 4 A 4

Total number of titles identified for title review
n=52

A 4

Total number of titles considered possibly relevant and articles ordered

n=38
AHRQ Systematic Review - 10 excluded at abstract review
Draft Report
Update search, 7/07
n=2
| 1 excluded at abstract review
\ 4
Total number of articles reviewed
n=30
Excluded:

Duplicate data: n=1

SMBG in control &

intervention group: n=3

No Alc as outcome: n=2

A 4 A 4
RCTs measuring the effect Systematic reviews: n=>5
of SMBG compared to no
SMBG with Alc as an Observational studies: n=8
outcome
n=10 Letter/editorial: n=1
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Wing RR et al. (1986) *° This study assessed the usefulness of SMBG in improvement of dietary compliance
for obese patients with type 2 diabetes. Authors from the University of Pittsburgh School of Medicine enrolled
50 patients (mean weight 98 kg, 78% women) with adult-onset diabetes who were treated with oral
hypoglycemic agents and insulin. All patients received weekly behavioral weight control counseling for the first
three months, then monthly for six months, and twice more until week 62. Monetary stimulation was used. The
intervention group was asked to monitor blood glucose on average 5.4 times a week to provide feedback of
dietary modifications. Patients’ compliance with the diet and SMBG were monitored. Medication adjustments
were made in similar mode in both groups according to study protocol. Five patients were excluded from the
analyses with reasons explained by the authors. By week 12 there was a slight improvement of glycemic control
in both groups (Alc values: SMBG group: 10.19% to 9.68%, control group: 10.86% to 10%). No statistically
significant difference between groups was observed in glycosylated hemoglobin measurements by the one-year
follow up. Both groups lost a significant amount of weight (6.1 kg). Patients with a high level of compliance to
either SMBG or weight loss lost twice the amount of weight compared to poorly compliant patients. A large and
not significantly different number of patients in both groups had their medications or insulin dose decreased
during the study.

Table 2. Components of each arm of the 10 RCTs.

Study Arm SMBG | Counseling/ | Dietician | Exercise | Carbohydrate | Financial | Financial | Patient
Education Counting Incentive | Incentive | Control
(weight) (SMBG)
Wing RR et al., Control X X X
1986"° Intervention X X X X
Fontebonne A et Control X
al., 1989% Intervention X X
Rutten G et al., Control X
1990% Intervention X
Muchmore DB et | Control X X
al., 1994%* Intervention X X X X
Jaber LA et al., Control
1996% Intervention X X X
Kibriya MG et al., | Control X
1999%7 Intervention X X
Schwedes U et Control X
al., 2002% Intervention X X
Guerci B et al. Control X
2003 Intervention X X
Davidson MB et Control X X
al., 2005 Intervention X X X
Farmer A et al. Control
2007% Interventionl X
Intervention2 X X
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Fontbonne A et al. (1989) ?° This is a French study of 208 non-insulin treated patients with
long-term and poorly controlled diabetes (mean duration=13 years, mean Alc=8.3%). Patients
were randomized into three groups (SMBG, urinary glucose monitoring and control), and seen
by their respective physicians every two months with either Alc results or SMBG measurements.
At each visit medication and/or dietary modification was allowed. Forty-four patients were lost
to follow-up. Alc values at the end of six months were not significantly different between the
three groups. However, the degree of compliance to SMBG appeared to relate to outcome; the
more blood strips used, the larger the decrease in Alc values.

Rutten G et al. (1990) 2 This study from the Netherlands looked at the feasibility and effect of a
diabetes type 2 protocol with SMBG in general practice. One hundred forty-nine patients (66 in
intervention and 83 in control groups) from eight practices were studied over 12 months. Ten
patients were excluded from each group with reasons explained for all. Some patients in the
treatment group tested their fasting glucose and reported it on a monthly basis. In case of
elevated readings, they were referred to a study doctor, where the protocol was followed and
medications were possibly changed. The protocol included weight reduction counseling and
medication changes with up to two oral hypoglycemic agents used. Other patients from the
treatment group did not check their blood glucose, but had it measured during quarter-annual
visits with a doctor. At the end of the study, the treatment group decreased Alc values from
9.7% to 9.2%, whereas the control group increased from 8.9% to 9.4%.

Muchmore DB et al. (1994) ? This study tested the hypothesis that combined use of SMBG and
dietary carbohydrate counting is beneficial in managing type 2 diabetes. The Scripps Clinic
enrolled 29 overweight patients (BMI=34, 61% women) with diet or treated with oral
hypoglycemics diabetes. Six were excluded for reasons not described. Patients participated in a
28-week behavioral weight loss program, with emphasis on glycemic response to carbohydrate
intake and exercise. Medication adjustment was not included in the study protocol, but it was
done for a similar amount of patients in both groups by their own physicians. Although Alc
improved more in the intervention group than in the control group (a decrease of 1.54% vs.
0.84% absolute), the difference was not statistically significant. Quality-of-life measures were
similar in both groups. Weight loss was equivalent (~6 kg) in both groups by week 44.

Jaber LA et al. (1996) *° This study was performed in a university-affiliated internal medicine
outpatient clinic. It enrolled 45 obese African-American patients with non-insulin dependent
diabetes mellitus (NIDDM). All patients were treated with sulfonylurea agents. The mean age of
the patients was 62, 70% were women, the mean BMI was 33, and mean duration of diabetes
was six years. During four months of follow-up, the intervention group received diabetic
education, medication counseling, instructions on dietary regulation, exercise, and SMBG, as
well as evaluation and adjustment of their hypoglycemic regimen by the pharmacist. Patients
were instructed to monitor blood glucose eight times a week. The control group was followed by
their physicians. Six patients withdrew or dropped out from the study with reasons explained by
the authors. The intervention group patients had on average 2.2 changes in drug therapy, with an
increase in oral hypoglycemics dose on most visits. The final Alc value in the intervention group
decreased from 11.5% to 9.2%, and in the control group it decreased from 12.2% to 12.1%. This
difference between groups was statistically significant. Quality-of-life analyses revealed no
significant differences in any of the domains tested between or within groups. No significant
changes were noted within or between groups in blood pressure, body weight, serum lipid
measurements and renal function parameters.
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Kibriya MG et al. (1999) " Physicians of the Bangladesh Institute of Research and
Rehabilitation in Diabetes Endocrine and Metabolic disorders (BIRDEM) recruited 64 type 2
diabetic patients of “higher-middle class to rich socio-economic class and having completed
secondary school certificate level education” to participate in this randomized study and
followed them for 18 months. Their aim was to evaluate the cost effectiveness of SMBG in the
management of type 2 diabetes in developing countries. All patients received education on diet
and how to adjust insulin or oral antidiabetic medications. Patients in the SMBG group were
advised to check their blood glucose two to three times a day every two weeks and adjust their
medications accordingly if fasting values were >6.0 mmol/L. They were also asked to visit the
physician at three month intervals for blood glucose and A1c measurements. Patients in the
control group visited the physician at one month intervals and had their antidiabetic regimen
modified if needed, based on fasting blood glucose measurements at the monthly visits and Alc
values at each three month visit. Cost analysis was performed using conveyance cost, patient
wage loss, costs of test strips, glucometer, laboratory tests, and manpower. For the control group,
results demonstrated a decrease of 0.43% in Alc after 18 months which was statistically
significant. Statistical comparisons between groups were not reported. The SMBG group
demonstrated a 1.37% drop in Alc after 18 months which was also significant. Cost analysis
revealed comparable results for both groups ($134.55 for the control group vs. $134.75 for the
SMBG group). Conclusions were that SMBG with proper diabetes education is a cost effective
strategy in the management of type 2 diabetes.

Schwedes U et al. (2002) # This study was a randomized multicenter trial that recruited
subjects in Germany and Austria and followed them for six months. A total of 250 patients were
randomized within blocks of eight to one of two groups: one group used SMBG, kept a blood
glucose/eating diary, and received standardized counseling; the control group received only
nonstandardized counseling on diet and lifestyle. Two hundred and twenty three patients were
included in the final analysis. Patients in the SMBG group were instructed to measure blood
glucose six times a day (pre-and postprandially) on two days per week, and to document eating
habits and state of well-being. Patients were seen every four weeks. Results showed a
statistically significant difference in Alc reduction between the two groups. The control group
had a 0.54% reduction of Alc compared to a 1.0% reduction in the SMBG group.

Guerci B et al. (2003) ** The Auto-Surveillance Intervention Active (ASIA) study out of France
followed 689 patients for six months. Patients were randomized to receive either a conventional
laboratory work-up based solely on Alc measurements every 12 weeks (control group) or
conventional laboratory work-up and SMBG at a frequency of at least six times a week
(intervention group). Both groups received counseling on diet and exercise from their general
practitioners during five visits throughout the course of the study. At the three month visit,
practitioners could modify treatments of their patients based on their Alc value measured at that
time. All but three of the patients were on at least one oral antidiabetic drug. Among those, the
most widely prescribed drugs were sulfonylureas and biguanides. Results demonstrated a 0.28%
absolute greater drop in Alc in the SMBG group as compared to the control group at the end of
the study, which was statistically significant. This difference was most pronounced at three
months, with a steady state reached in the last three months of the study. The authors concluded
that SMBG was associated with better quality of metabolic control than usual recommendations
alone in patients with type 2 diabetes. They noted that since no specific instruction for adjusting
behavior to the results of SMBG was given to the patients.
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Davidson MB et al.(2005) * This randomized controlled trial followed 88 patients for six
months. Patients in the treatment group were instructed to measure pre- and post-prandial blood
glucose levels six days a week. Patients in both groups received dietitian counseling five times
during the study. A nurse, who was blinded to whether the patient was in the treatment group or
not, followed a detailed algorithm to make her therapeutic decisions. Her goals were to lower
fasting glucose concentrations to <130mg/dL by stepwise increases in metformin or a
sulfonylurea agent every two weeks, and to achieve an Alc value <7.5%. If the goal Alc was not
achieved, a thiazolidinedione was added. Results demonstrated a significant drop in Alc levels
of both groups, but no statistically significant difference between the two groups.

Farmer A et al.(2007)® This trial randomized 453 patients seen at 48 general practices in
London into three groups (usual care, SMBG, SMBG plus training to use results for self care).
Patients were included if they had type 2 diabetes, were at least 25 years old at diagnosis, were
managed with diet or oral hypoglycemics, had an Alc level greater than or equal to 6.2% at the
initial visit, and were able to independently perform daily living activities. Patients in the control
group (n=152) received standardized usual care and were seen for Alc measurements once every
three months for 12 months. Patients in the less intensive SMBG group (n=150) were instructed
to monitor three times a day on two days of every week. In addition to being instructed about
self-monitoring, patients in the more intensive SMBG group (n=151) were trained to use the
results for self care. Patients in the more intensive group were not instructed to measure blood
glucose a set number of times per week, but rather to “explore the effect of different activities...
on their blood glucose level.” From diaries kept by the patients, those in the more intensive
group tested their blood sugar on average six times per week early in the study, but by the end of
the 12 months this had decreased to an average of five times per week. Patients in the less
intensive group tested their blood sugar on average about five times per week throughout the
trial. At three, six, nine, and 12 months no statistically significant differences in Alc levels were
found between the three groups.
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Key Question #1: Is regular self-monitoring of blood glucose effective in
achieving target Alc levels for patients with type 2 diabetes?

Studies of Efficacy

Achieving Target Alc Levels

We identified a single trial that assessed the effect of SMBG (plus counseling and education) in
149 patients in general practice in the Netherlands at meeting target Alc levels. » In this study
the target Alc level was 8.0%. Prior to the intervention 45 and 41 patients in the in control and
intervention arms, respectively, had an Alc values greater than 8%. After the intervention, one
patient (2%) and two patients (5%) in the control and intervention arms had Alc values of less
than 8% (p=0.6).

Thus there is little evidence to draw a conclusion about the efficacy of SMBG at achieving target
Alc levels. We judged the strength of this evidence as very low. [GRADE: Very Low = Any
estimate of effect is very uncertain. ]

Improving Glycemic Control

While not directly answering this question but certainly relevant to it, is the effect of SMBG on
the mean Alc level. All 10 trials reported this outcome. We grouped trials based on the duration
of the intervention. The individual and pooled results are shown in Figure 2.

We identified three trials that reported A lc outcomes at three months. '**>** The three trials
reported variable results. '*** We did not pool the results of these three trials because their results
were too heterogeneous, with an I statistic of 67%.

We identified five trials that reported outcomes at about six months. ***2%*>** QOnly one trial
reported a statistically significant improvement in Alc™’, although a second trial also yielded a
statistically significant result after adjusting for baseline difference®. The random effects pooled
estimate of effect of these five trials was a change in mean Alc value of -0.21% (95% CI: -
0.38%, -0.04%). The I” statistic for heterogeneity was 0.

We identified five trials that reported outcomes at about one year or longer. '******** No study
reported a statistically significant difference between groups in the mean Alc value, although
two studies reported statistically significant benefits after adjusting for baseline differences in
Alc values. **7 The random effects pooled estimate of the effect of these five trials was a
change in Alc value of -0.15%(95% CI: -0.36%, 0.06%). The I” statistic for heterogeneity was 0.

We performed several additional analyses. First we compared studies scores, four or more
Delphi items positively (which we called “High quality”) with those scoring less than four items
positively (“Low quality”). The pooled results showed no statistically significant differences
between high and low quality studies.
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Figure 2. Analysis of Mean Difference between Control and SMBG Group at Follow-
up

t sjize
Stud ELEA
One yeéar or longer |
Kibriya MG et al.; 1999 “* - v 0.01 (-0.75, 0.73)
Muchmore DB et al., 1994 ** 0.85 (-2.40, 0.70)
Rutten G et al., 1990 — -0.20 (-0.67, 0.27)
Wing RR et al., 1986 * 62 weeks -0.25 (-1.58, 1.08)
Farmer et al., 2007*° More intensive self monitoring —i- -0.13 (-0.38, 0.12)
Farmer et al., 2007* Less intensive self monitoring —H 0.21 (-0.45, 0.03)
Subtotal 0.15 (-0.36, 0.06)*
Six months -
Davidson MB, et al., 2005 e 0.10 (-0.75, 0.55)
Guerci B et al., 20030 —— 0.30 (-0.60,0.00)
Schwedes U et al., — -0.34 (-0.71, 0.03)
nne A et al., 1990%° — -0.14 (-0.70, 0.42)
Farmer et al., 2007>> More intensive self monitoring i 0.05 (-0.38, 0.28)
Farmer et al., 2007* Less intensive self monitoring 0.08 (-0.41, 0.25)
Subtotal 0.21 (-0.38,-0.04)*
Three months "
Jaber LA et al., 1996 2.90 (-4.74,-1.06)
Wing RR et al., 1986'712 weeks -0.32 (-1.53, 0.89)
Farmer et al., 2007>> More intensive self monitoring —a— -0.05 (-0.41, 0.31)
Farmer et al., 2007°° Less intensive self monitoring — -0.14 (-0.51, 0.23)
High Quality Articles - R -0.23 (-0.89, 0.43
Low Quality Articles - -0.23 (-0.53, 0.08
I I I I I I I I
-6 -5 -4 -3 -2 -1 0 1 2
Effect size
Favors Treatment Favors Control

*Subtotal does not include “Farmer et al., 2007 [#1039] Less intensively self monitoring” arm.

We repeated our primary analysis using as the outcome the difference in Alc levels between
groups adjusted for baseline Alc levels (whether or not to do such adjusting in the results of an
RCT is controversial). When analyzed this way there was much greater heterogeneity between
studies, with I statistics of 49% and 75% for studies with six month and 12 month outcomes
respectively. However, despite this our primary pooled results were remarkably similar: a
modest and statistically significant effect on Alc at six months of 0.19 (compared to a pooled
result of 0.21 in the main analysis); and a nonsignificant effect at 12 months. In the difference of
difference analysis, high quality studies reported lower estimates of effect than low quality
studies, an observation seen in other conditions.*® This re-analysis supported our primary
analysis (Figure 3).

Meta-regression on baseline values of Alc level showed differential effectiveness (p value for
difference = 0.05), with higher baseline values of Alc being associated with lesser efficacy of
SMBG. Each 1% increase in Alc was associated with a 0.3% decrease in efficacy of SMBG.
Thus, indirect evidence suggests that SMBG results in a smaller percent change in Alc for
patients with higher baseline values of Alc.

We attempted to identify other components of the intervention or characteristics of the patients
associated with greater effectiveness. The trials did not have sufficient similarity in intervention
components to permit a meta-regression analysis (See Figure 2). Almost all studies included
SMBG and counseling/education, making an assessment of the effect of one without the other
impossible, and other intervention components were too sparsely distributed to support meta-
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regression. Meta-regression using the quality assessment (as either a continuous variable or
dichotomous at a threshold value of four) also did not demonstrative differences between results.
An analysis of the frequency of SMBG testing is discussed in Key Question #4.

The funnel plot for publication bias is shown in Figure 4. Neither Begg’s test nor Eggar’s test
yielded evidence of unexplained heterogeneity.

Therefore, we found that adding SMBG along with education, counseling, (and some times other
components) results in a statistically significant decrease in Alc level of an absolute 0.21% at six
months. Results at three months and one year are more variable, although there is a suggestion
that this benefit may continue out to at least one year (absolute reducation = -0.15%, 95% CI:
-0.36, 0.06). Indirect evidence suggests SMBG maybe less efficacious in subjects with higher
baseline Alc values.

We judged the strength of evidence for this outcome as moderate, because individual trials did
not in general report significant results and interventions were heterogeneous. [GRADE:
Moderate= Further research is likely to have an important impact on our confidence in the
estimate of effect and may change the estimate. ]

Figure 3. Analysis of Difference of Differences between Control and SMBG Group at
Follow-up

Study B‘g%téﬁe

One year or longer
Kibriya MG, et al7, 1999 — -0.99 (-1.78,-0.20)
Muchmore DB et al., 1994 -0.69 (-2.01, 0.63)
%Rutten G et al., 1990 > — -1.00 (-1.57,-0.44)
Wing RR et al., 1986 *° 62 weeks — 0.42 (-0.54, 1.38)
Farmer et al., 2007 > More intensive self monitoring —— 0.17 (-0.19, 0.55)
Farmer et al., 2007 ** Less intensive self monitoring —i— 0.14 (-0.22, 0.50)

Subtotal -0.28 (-0.78, 0.22)*

Six months .
Davidson MB, et al., 2005 * — 0.20 (-0.98, 0.58)
Guerci B, etal., 2003 % 1 -0.40 (-0.63,-0.17)
Schwedes U, et al., 2002 *° -0.46 (-0.79,-0.13)
Fontbonne A et al., 1990 *° 0.14 (-0.56, 0.84)
Farmer et al., 2007 ** More intensive self monitoring 0.09 (-0.26, 0.44)
Farmer et al., 2007 ** Less intensive self monitoring 0.00 (-0.35, 0.35)

Subtotal 0.19 (-0.41, 0.04)*

.
Three months ”
Jaber LA et al., 1996 2.20 (-3.96.
Wing RR et al., 1986 ** 12 weeks 0.35 (-1.34,
Farmer et al., 2007 ** More intensive self monitoring i 0.09 (-0.55, 0.73)
Farmer et al., 2007 ** Less intensive self monitoring 0.06 (-0.58

High Quality Articles Y & -0.09 (-1.01, 0.83
Low Quality Articles = -0.56 2—0.99 —0.12%

I I I I I I I I

6 5 4 3 2 1 0 1 2

Effect size
Favors Treatment Favors Control
*Subtotal does not include “Farmer et al., 2007 [#1039] Less intensively self monitoring” arm.
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Figure 4. Publication Bias for the 10 RCTs

Begg's funnel plot with pseudo 95% confidence limits
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Studies of Effectiveness in Veterans

We identified six publications assessing the value of SMBG specifically in Veterans. One
publication was an RCT comparing SMBG with urine glucose monitoring, *and did not include a
comparison with Veterans who did no monitoring. The other five studies were observational in
design, mostly retrospective chart reviews that sought to compare a variety of outcomes between
Veteran patients receiving supplies for SMBG with those not receiving such supplies. 3539 Details of
all studies are in Table 3.

All studies reported that there was no difference in Alc levels between groups. Although most
studies attempted to try and control for baseline differences between patients, the observational study
design cannot inform what the Alc values of Veteran patients currently using SMBG would be if
they did not receive SMBG supplies. It is possible, for example, that Veterans are selected by their
clinicians for receipt of SMBG because they are more difficult to control.

Therefore, the results of the effectiveness studies do not negate the efficacy evidence from RCTs that
the addition of SMBG and education can result in a decrease in Alc levels of about 0.3% absolute at
six months and up to one year. However, these studies do raise the question of whether Veteran
patients are receiving the full possible benefits of SMBG. For example, the RCTs reporting benefit
also all included counseling and education. If this is necessary for SMBG to have an effect, one
explanation of the difference in the results between the RCTs and the observational studies in
veterans is that there is inadequate counseling and education of the Veterans.
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We judge the strength of evidence for this outcome as very low because these are observational
studies with serious limitations in study quality. [GRADE: Very Low = Any estimate of effect is
very uncertain. |

Table 3. Studies of Self-monitoring of Blood Glucose in Veterans

Author/year Study Design Patients SMBG Duration of Results
Follow-up
Malik RL et al. | Prospective 16 male Veterans Mean | “Daily test and 12 weeks Improvement in Alc
(1989) * cohort age=62 years adjustment diary” to from 11.0 + 2.9% to
Mean duration of record SMBG test results 9.9 + 2.4%, Results
DM=8.9years and diet changes reported as not
Mean Alc=11.0 (average=10 tests/week); statistically
3 4-hour diabetes significant.
educational seminars
Newman WP, et | Retrospectiv | 21 Veterans who self- All patients performing 3 years No difference in
al. (1990) ¥ e cohort monitored glucose, 17 self-monitoring were groups in Alc values
Veterans who did not cared for and taught by over time.
Mean duration of the same physician
DM=17 & 11 years
respectively
Allen BT, etal. | RCT 61 Veterans with DM SMBG versus urine 6 months No difference in
(1990) > without prior SMBG glucose monitoring groups in Alc values
Mean age=58 years at the end of the
Mean Alc=12.0 study (each had 2.0
decrease compared
to baseline).
Klein CE, et al. | Retrospectiv | 229 Veterans, 97%men | 181 patients performed 12 months | No difference in
(1993) ¥ e cohort Mean age=62 years SMBG mean Alc level
chart review | Mean duration of between patients
DM=10 years using SMBG versus
those using urine
glucose monitoring.
Rindone JP, et Retrospectiv | 115 Veterans 58 Veterans received 2 years No difference in
al. (1997) ** e cohort Mean age=68 years Chemstrips mean Alc levels
chart review over 2 years between
Veterans receiving
Chemstrips and those
not receiving
Chemstrips.
Wen L, et al. Retrospectiv | 976 Veterans with DM | 161 Veterans received no | 3 years No association
(2004) ¥ e cohort on oral hypoglycemics, | Chemstrips, 75 Veterans between use of
chart & 97% men received Chemstrips in 1 Chemstrips and
administrativ | Mean age varied by year only, 138 Veterans mean Alc levels.
e data group between 59 & 66 | received Chemstrips in 2
review years years only, and 602
Alc levels varied Veterans received
between 6.6 and 7.25 Chemstrips in all 3 years

DM=Diabetes Mellitus
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Key Question #2: Is regular self-monitoring of blood glucose effective in
maintaining target Alc levels for patients with type 2 diabetes?

We did not identify any trials that directly assessed this question. Therefore, we draw no
conclusion. [GRADE: Very Low = Any estimate of effect is very uncertain.]

Key Question 3: Does regular self-monitoring of blood glucose reduce the
frequency of hypoglycemia in patients with type 2 diabetes?

We identified four trials that reported hypoglycemia as an outcome. More details of these trials
were presented previously. A brief synopsis of each study follows, with respect to the
hypoglycemia outcomes.

Jaber LA et al. (1996) *® There were 17 reported hypoglycemic reactions in the intervention
group and two in the control group. All were rated as mild to moderate, and successfully self-
treated. The authors report: "High rate of reported hypoglycemia is partly inherent to the study
design and execution. Intervention group patients were repeatedly instructed to and trained on
recognition and documentation of hypoglycemia. They were also questioned about the
occurrence of these reactions at every clinic visit. Subjects in the control group were not given
any specific instructions regarding hypoglycemia and data on its occurrence were collected at the
end of the study where capture of this information may have been hindered by the duration of the
elapsed time".

Kibriya MG et al. (1999) *’ In this trial the patients in the SMBG group were instructed to
perform testing every two weeks, and adjust the dose of anti-diabetic medication accordingly.
Control group patients were seen by their doctors on a monthly basis, and had their anti-diabetic
treatment modified if needed. During 18 months of follow-up, ten patients in the SMBG
intervention group had a total of 17 episodes of hypoglycemia, and five patients from the control
group had seven similar episodes. Two patients from the SMBG group needed hospitalization for
hyperglycemia compared to none in the control group.

Guerci B et al. (2003) ** During this trial 78 patients reported at least one episode of
hypoglycemia, either symptomatic or asymptomatic: 53(10%) patients in the SMBG group and
25(5%) patients in the control group. These proportions were significantly different due to
asymptomatic hypoglycemia alone (P=0.001). There was no serious episode of hypoglycemia
reported.

Farmer A et al. (2007)* This trial classified hypoglycemia as grade 2 (mild symptoms
requiring minor intervention), grade 3 (moderate symptoms requiring immediate third party
intervention), and grade 4 (unconscious). Fourteen patients in the control group had at least one
grade 2 hypoglycemia episode, compared to 33 patients in the less intensive intervention group
and 43 patients in the more intensive intervention group and 43 patients in the more intensive
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intervention group (p<0.001). One patient in the control group had a grade 3 hypoglycemic
episode.

Thus, the limited evidence available indicates that SMBG increases the frequency of recognized
hypoglycemia. This is due to an increase in asymptomatic low blood sugar readings, and also an
increase in mild-to-moderate symptomatic episodes. There is scant evidence about the effect of
SMBG on more clinically significant hypoglycemia. We judge the strength of evidence for
SMBG increasing asymptomatic and mildly symptomatic hypoglycemia as moderate. [Moderate
= Further research is likely to have an important impact on our confidence in the estimate of
effect and may change the estimate. ]

Key Question 4: Is there evidence that different frequencies of testing
result in differences in improvements in A1c?

We did not identify any study that explicitly tested the effect of different frequency of SMBG on
outcomes. This could have been accomplished either as an RCT (randomizing patients to
differing frequencies and comparing outcomes) or as an analysis of outcomes within a cohort of
patients using SMBG. We therefore were compelled to use an indirect method to examine this
question. The indirect method compares the outcomes of studies that vary in the frequency of
reported use of SMBG. Indirect methods have only a limited ability to control for other study
level differences.

We used meta-regression to assess the effect of the reported frequency of SMBG use in the
RCTs (measured as times/week) on differences in Alc level compared to control. No association
was found (p=0.99). Therefore we draw no conclusion about the effect of frequency of SMBG
monitoring on Alc values, and judge the strength of the evidence to be very low. [GRADE: Very
Low = Any estimate of effect is very uncertain.]
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SUMMARY AND DISCUSSION

In this chapter, we describe the limitations of our review and meta-analysis and then present our
conclusions. We also discuss the implications of our findings for future research.

Limitations

Publication Bias

Our literature search procedures were extensive and included all articles identified in prior
reviews plus additional articles. Our formal tests for publication bias did not indicate the
presence of possible publication bias but such tests do not exclude the possibility that such bias
exists. Therefore, readers are cautioned about this possibility.

Study Quality

An important limitation common to systematic reviews is the quality of the original studies.
Recent attempts to define elements of study design and execution that are related to bias have
shown that in many cases, such efforts are not reproducible and do not distinguish study results
based on bias. Therefore, the current approach is to avoid rejecting studies or using quality
criteria to adjust the meta-analysis results. We did use the Delphi list'® as a descriptive measure
of quality. As there is a lack of empirical evidence regarding study characteristics and their
relationship to bias, we did not attempt to use other criteria. Other aspects of the design and
execution of a trial may be related to bias, but we do not yet have good measures of these
elements. The sensitivity analysis of our main result did not yield any suggestion that the quality
of the trials influenced our findings in a significant way.

Heterogeneity

While there were some differences in the population being assessed and the number of times and
timing of SMBG recommended, the most important heterogeneity in this review was the
differing intervention components added to SMBG and the difference in the recommendations
for frequency of SMBG testing, provider interaction or algorithm to adjust medications, and
intensity of education. While the statistical test for heterogeneity was not significant for six
months and 12 month outcomes, this test has low power and does not preclude substantial
heterogeneity among studies. There were too few studies to be able to support meta-regression to
assess the relative effectiveness of these differences.

Applicability of Findings

Green & Glasgow provide a framework for evaluating the relevance, generalization, and
applicability of research. Their framework includes assessing the participation rate, the intended
target population, the representativeness of the setting, the representativeness of the individuals,
and evaluating information about implementation and assessment of outcomes. As these data are
rarely reported in the studies we reviewed, conclusions about applicability are necessarily weak.
Furthermore, none of the trials assessed VA patients or VA core delivery systems. The
observational studies done in VA did not report results compatible with SMBG being an
effective intervention; however RCTs are generally preferred to observational studies when
making estimates of efficacy and effectiveness.



Conclusions

With the above limitations in mind, we reached the conclusions displayed below.

KEY QUESTION #1: Is regular SMBG effective in achieving target Alc levels for
patients with type 2 diabetes?

Studies of Efficacy

Achieving Target Alc Levels

There is little evidence to draw a conclusion about the effect of SMBG at achieving target Alc
levels. We judged the strength of this evidence as very low. [GRADE: Very Low = Any
estimate of effect is very uncertain. ]

Improving Glycemic Control

We found that adding SMBG along with education, counseling, (and some times other
components) results in a statistically significant decrease in Alc level of an absolute 0.21% at six
months. Results at three months and one year are more variable, although there is a suggestion
that this benefit may continue out to at least one year.

We judged the strength of evidence for this outcome as moderate, because individual trials did
not in general report significant results and interventions were heterogeneous. [GRADE:
Moderate= Further research is likely to have an important impact on our confidence in the
estimate of effect and may change the estimate. ]

Studies of Effectiveness in Veterans

Five observational studies of SMBG effectiveness in Veteran populations did not report
statistically significant improvements in glycemic control. The results of the studies with
Veterans do not negate the evidence from RCTs that the addition of SMBG and education can
result in a decrease in Alc levels of about 0.3% absolute at six months and up to one year.
However, these studies do raise the question of whether veteran patients are receiving the full
possible benefits of SMBG. [GRADE: Very Low = Any estimate of effect is very uncertain.]

KEY QUESTION #2: Is regular SMBG effective in maintaining target Alc levels
for patients with type 2 diabetes?

We did not identify any trials that directly assessed this question. Therefore, we draw no
conclusion. [GRADE: Very Low = Any estimate of effect is very uncertain.]

KEY QUESTION #3: Does regular SMBG reduce the frequency of hypoglycemia
in patients with type 2 diabetes?

The limited evidence available indicates that SMBG increases the frequency of recognized
hypoglycemia. This is due to an increase in asymptomatic low blood sugar readings, and also an
increase in mild-to-moderate symptomatic episodes. There is scant evidence about the effect of
SMBG on more clinically significant hypoglycemia. We judge the strength of evidence for



SMBG increasing asymptomatic and mildly symptomatic hypoglycemia as moderate. [Moderate
= Further research is likely to have an important impact on our confidence in the estimate of
effect and may change the estimate. ]

KEY QUESTION #4: Is there evidence that different frequencies of testing result
in differences in improvements in Alc?

We used meta-regression to assess the effect of the reported frequency of SMBG use in the
RCTs (measures as times/week) on differences in Alc level compared to control. No association
was found (p=0.99). Therefore we draw no conclusion about the effect of frequency of SMBG
monitoring on Alc values, and judge the strength of the evidence to be very low. [GRADE: Very
Low = Any estimate of effect is very uncertain.]



FUTURE RESEARCH

Our review of existing data support the short term beneficial effect of SMBG on Alc levels in
the context of a clinical trial. Although improvement in Alc is modest, it is approximately
equivalent to that achieved with diabetes education interventions. *' Whether the benefit extends
beyond six months is questionable.

However, observational studies in the VA do not report differences in Alc levels between
Veterans using or not using SMBG supplies. This raises the question about implementation:
more research is needed to understand if implementation of SMBG in a typical VA clinic setting
is sufficient for Veterans to receive the full benefit reported in clinical trials.

In particular, it would be worthwhile to conduct studies in VA of “enhanced” SMBG versus
usual care SMBG, with “enhanced” computer-based or nurse case-management or being Health
Buddy or My Healthe Vet facilitated implementation of SMBG. This would more closely
approximate the study question of interest today. New studies would also be able to account for
improvements in SMBG technology (meters, strips, etc.) over time.

Additionally, data are needed about the cost-effectiveness of SMBG in a VA setting.

The evidence is insufficient to draw conclusions about which components of SMBG (additional-
education, algorithms or other techniques to adjust medication) and frequency of testing are most
associated with better results. More research is needed, and again we note that it should consider
incorporation of methods for enhancing SMBG effectiveness. Additionally the impact of SMBG
on medication adherence should be evaluated.
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