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IABETES MELLITUS HAS
reached epidemic propor-
tions in the United States."?
Despite well-established pro-
cesses of care to reduce morbidity as-
sociated with diabetes, widespread qual-
ity problems exist.>” The literature
contains numerous reports of interven-
tions designed to remedy these prob-
lems, but their effectiveness remains un-
clear.®
Previous systematic reviews of qual-
ity improvement (QI) strategies for dia-
betes have provided only qualitative
analysis’ or have focused on single types
of interventions,®!'* leaving the rela-
tive effectiveness of different strate-
gies unknown. This is particularly prob-
lematic, since many interventions
include components of multiple QI
strategies. Thus, some of the same
trials'®*' may appear in reviews of pa-
tient education,'® disease manage-
ment,'"! and the impact of information
technology on diabetes care.® In each
such review, the apparent impact of the
QI strategy under consideration could
be confounded by the presence of one
or more other strategies in many of the
trials.
The present review addresses these
limitations by assessing the impact on
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Context There have been numerous reports of interventions designed to improve
the care of patients with diabetes, but the effectiveness of such interventions is un-
clear.

Objective To assess the impact on glycemic control of 11 distinct strategies for qual-
ity improvement (Ql) in adults with type 2 diabetes.

Data Sources and Study Selection MEDLINE (1966-April 2006) and the Coch-
rane Collaboration's Effective Practice and Organisation of Care Group database, which
covers multiple bibliographic databases. Eligible studies included randomized or quasi-
randomized controlled trials and controlled before-after studies that evaluated a Ql
intervention targeting some aspect of clinician behavior or organizational change and
reported changes in glycosylated hemoglobin (HbA,.) values.

Data Extraction Postintervention difference in HbA, values were estimated using
a meta-regression model that included baseline glycemic control and other key inter-
vention and study features as predictors.

Data Synthesis Fifty randomized controlled trials, 3 quasi-randomized trials, and
13 controlled before-after trials met all inclusion criteria. Across these 66 trials, inter-
ventions reduced HbA,. values by a mean of 0.42% (95% confidence interval [CI],
0.29%-0.54%) over a median of 13 months of follow-up. Trials with fewer patients
than the median for all included trials reported significantly greater effects than did
larger trials (0.61% vs 0.27%, P=.004), strongly suggesting publication bias. Trials
with mean baseline HbA, values of 8.0% or greater also reported significantly larger
effects (0.54% vs 0.20%, P=.005). Adjusting for these effects, 2 of the 11 categories
of QI strategies were associated with reductions in HbA,. values of at least 0.50%:
team changes (0.67%; 95% Cl, 0.43%-0.91%; n=26 trials) and case management
(0.52%;95% Cl, 0.31%-0.73%; n=26 trials); these also represented the only 2 strat-
egies conferring significant incremental reductions in HbA, values. Interventions in-
volving team changes reduced values by 0.33 % more (95% Cl, 0.12%-0.54%; P=.004)
than those without this strategy, and those involving case management reduced val-
ues by 0.22% more (95% Cl, 0.00%-0.44%; P=.04) than those without case man-
agement. Interventions in which nurse or pharmacist case managers could make medi-
cation adjustments without awaiting physician authorization reduced values by 0.80%
(95% Cl, 0.51%-1.10%), vs only 0.32% (95% Cl, 0.14%-0.49%) for all other in-
terventions (P=.002).

Conclusions Most QI strategies produced small to modest improvements in glyce-
mic control. Team changes and case management showed more robust improve-
ments, especially for interventions in which case managers could adjust medications
without awaiting physician approval. Estimates of the effectiveness of other specific
Ql strategies may have been limited by difficulty in classifying complex interventions,
insufficient numbers of studies, and publication bias.
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Box. Taxonomy Used to Classify Quality Improvement Strategies

Audit and Feedback. Summary of clinical performance of health
care delivered by an individual clinician or clinic over a speci-
fied period, which is then transmitted back to the clinician (eg,
the percentage of a clinician’s patients who have achieved a tar-
get glycosylated hemoglobin [HbA,] level, or who have under-
gone a dilated-eye examination with a specified frequency).

Case Management. Any system for coordinating diagnosis, treat-
ment, or ongoing patient management (eg, arrangement for re-
ferrals, follow-up of test results) by a person or multidisci-
plinary team in collaboration with or supplementary to the
primary care clinician.

Team Changes. Changes to the structure or organization of the

primary health care team, defined as present if any of the fol-

lowing applied:

¢ Adding a team member or “shared care,” eg, routine visits with
personnel other than the primary physician (including phy-
sician or nurse specialists in diabetic care, pharmacists, nu-
tritionists, podiatrists).

¢ Use of multidisciplinary teams, ie, active participation of pro-
fessionals from more than 1 discipline (eg, medicine, nurs-
ing, pharmacy, nutrition) in the primary, ongoing manage-
ment of patients.

¢ Expansion or revision of professional roles (eg, nurse or phar-
macist plays more active role in patient monitoring or adjust-
ing medication regimens).

Electronic Patient Registry. General electronic medical record
system or electronic tracking system for patients with diabetes.

Clinician Education. Interventions designed to promote in-
creased understanding of principles guiding clinical care or aware-
ness of specific recommendations for a target condition or pa-
tient population. Subcategories of clinician education included
conferences or workshops, distribution of educational materi-
als, and educational outreach visits.

Clinician Reminders. Paper-based or electronic system in-
tended to prompt a health professional to recall patient-specific
information (eg, most recent HbA, value) or to perform a spe-
cific task (eg, perform a foot examination). If accompanied by a
recommendation, the strategy would be subclassified as deci-
sion support.

Facilitated Relay of Clinical Information to Clinicians. Clini-
cal information collected from patients and transmitted to

clinicians by means other than the existing medical record. Con-
ventional means of correspondence between clinicians were ex-
cluded. For example, if the results of routine visits with a phar-
macist were sent in a letter to the primary care physician, the
use of routine visits with a pharmacist would count as a “team”
change, but the intervention would not also be counted as “fa-
cilitated relay.” If, however, the pharmacist issues structured
diaries for patients to record self-monitored glucose values,
which are then brought in person to office visits to review with
the primary physician, then the intervention would count as
“facilitated relay.” Other examples include electronic or Web-
based tools through which patients provide self-care data and
which clinicians review,” as well as point-of-care testing sup-
plying clinicians with immediate HbA,, values.”

Patient Education. Interventions designed to promote in-
creased understanding of a target condition or to teach spe-
cific prevention or treatment strategies, or specific in-person
patient education (eg, individual or group sessions with dia-
betes nurse educator; distribution of printed or electronic edu-
cational materials). Interventions with patient education were
included only if they also included at least 1 other strategy re-
lated to clinician or organizational change.

Promotion of Self-Management. Provision of equipment
(eg, home glucometers) or access to resources (eg, system for
electronically transmitting home glucose measurements
and receiving insulin dose changes based on those data) to
promote self-management. Interventions promoting patient
self-management were included only if they also included at
least 1 other strategy related to clinician or organizational
change.

Patient Reminder Systems. Any effort (eg, postcards or tele-
phone calls) to remind patients about upcoming appoint-
ments or important aspects of self-care. Interventions with
patient reminders were included only if they also included at
least 1 other strategy related to clinician or organizational
change.

Continuous Quality Improvement. Interventions explicitly
identified as using the techniques of continuous quality im-
provement, total quality management, or plan-do-study-act, or
any iterative process for assessing quality problems, develop-
ing solutions to those problems, testing their impacts, and then
reassessing the need for further action.

Definitions of the 11 categories of quality improvement strategies were modified from the taxonomy used by the Cochrane Effective Practice
and Organisation of Care (EPOC) group.®?’ The definition for “facilitated relay of clinical information” corresponds to the EPOC category “pa-
tient mediated interventions”; we chose a different name to avoid confusion with patient education, self-management, and patient reminders.
A category for financial incentives was originally included, but no studies involving this strategy met our inclusion criteria.

glycemic control of 11 different cat-
egories of QI strategies to identify
those that significantly augment inter-
vention effectiveness. We began this
work as part of a series of evidence
reports on QL,%%? but this analysis
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includes roughly twice the number of
trials as did our initial report, reflect-
ing a marked surge in published
evaluations of interventions to
improve outpatient care of diabetes in
recent years.

METHODS

Included Interventions

We included any study involving
adult outpatients with type 2 diabe-
tes in which the intervention met the
definition for at least 1 of 11 specific
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types of QI strategies, based on a tax-
onomy adapted from the Cochrane
Effective Practice and Organisation
of Care (EPOC) group (B0x).*** As
with other systematic reviews of the
QI literature,*** these classifications are
broad but pragmatic, reflecting the lack
of descriptive detail typically pro-
vided in published evaluations of QI
interventions.”° We included inter-
ventions involving patient education,
self-management, or patient remind-
ers only if the interventions involved
at least 1 component directed at clini-
cian behavior or organizational change,
because multiple systematic reviews
have already evaluated interventions
that consist exclusively of patient-
oriented strategies to improve diabe-
tes Care.10,13-15,31

Included Study Designs
and Outcomes

We included randomized controlled
trials, quasi-randomized trials (eg, even-
or odd-numbered medical records), and
controlled before-after studies (eg, 2
similar clinics compared before and af-
ter implementation of an intervention
at one of them). We restricted our
analysis to studies reporting mean pre-
intervention and postintervention gly-
cosylated hemoglobin (HbA,.) values
for each study group. Studies that re-
ported changes in the percentage of pa-
tients who achieved a certain level of
glycemic control varied too widely in
terms of the target ranges to permit data
pooling. However, for studies that met
all other inclusion criteria, we con-
tacted the authors to obtain data on
mean HbA,. values and included the
studies for which we received data.

Literature Search
and Review Process

We combined Medical Subject Head-
ings and text words related to QI with
those related to diabetes to search the
MEDLINE database up to April 2006
(search strategy available on request
from the authors). We also retrieved all
articles related to diabetes care from
the Cochrane EPOC database, which
is compiled on the basis of periodic

©2006 American Medical Association. All rights reserved.

QUALITY IMPROVEMENT STRATEGIES AND GLYCEMIC CONTROL

extensive searches of MEDLINE,
EMBASE, and CINAHL *?> and scanned
bibliographies from key articles. Two
investigators independently screened ci-
tations and abstracted included ar-
ticles using a structured data entry form.
Disagreements were resolved by con-
sensus among 3 reviewers.

Analysis

We used a mixed model (Proc Mixed,
SAS version 8.2; SAS Institute, Cary,
NC) incorporating fixed and random
effects to predict the difference in
postintervention values for mean HbA,,
values between intervention and con-
trol groups, based on baseline HbA,,
values and other predictors of inter-
est, such as QI strategies and key study
features (eg, use of a randomized de-
sign). Postintervention standard devia-
tions in the control and intervention
groups were pooled, with weighting by
sample size in each group. This mea-
sure of within-study variation pro-
vided the residual error in a mixed
model with a random study effect.?>>*

We anticipated that a substantial
number of studies would allocate in-
terventions to clinicians or clinics but
collect data from patients (ie, the stud-
ies would exhibit “clustering”). To
avoid spurious precision in patient-
level outcomes,*>” we calculated an ef-
fective sample size for each such trial:
Nefrecive= (K Xm)/(1+ (m-1) XICC),
where k indicates the number of clus-
ters; m, the number of observations per
cluster; and ICC, the intracluster cor-
relation coefficient.*>*® We imputed un-
reported ICCs based on empirically
derived values®” and varied these im-
putations in sensitivity analyses.

For quality assurance purposes, we
independently reran the analyses
in STATA version 8.2 (StataCorp,
College Station, Tex) using the
commands for meta-analysis and
meta-regression.

RESULTS
Included Studies

The search yielded 5121 citations, 708
of which underwent full text review and
581721399 of which met all inclusion cri-

teria (FIGURE 1).We included 1 unpub-
lished study, which we had identified on
the basis of a published trial protocol®*
and included after the authors agreed to
share relevant data from the completed
trial. The 58 included studies reported
66 distinct trials (TABLE), 50 of which
used randomized designs. The 16 non-
randomized trials comprised 3 quasi-
randomized trials*®®" and 13 con-
trolled before-after trials. Interventions
included a median of 3 distinct QI strat-
egies (interquartile range, 2-4). Four
trials**>293! evaluated interventions
using 5 distinct QI strategies, and 1
trial** evaluated an intervention with
components of 6 strategies. Only 5
trials!”#220.98.8% eyaluated single-
strategy interventions. Forty-three (65%)
of the included trials were conducted in
the United States, and the results of 27
(41%) were published within the last 2
years covered by our search. Postinter-
vention HbA,. values were obtained
after a median follow-up period of 13
(interquartile range, 6-18) months. Fol-
low-up HbA,. values were reported for
amedian of 93% of patients (interquar-
tile range, 82%-100%). However, these
rates may overstate the completeness of
follow-up, because postintervention pa-
tients sometimes differed from prein-
tervention patients (eg, when interven-
tion status was allocated at the clinician
level). Also, some studies reported data
only for those patients with complete fol-
low-up.

Univariate Analyses of Study
Features and Effect Size

Across all included trials, the mean
postintervention difference in HbA,,
values was —-0.42% (95% confidence in-
terval [CI], -0.29% to -0.54%), indi-
cating that the mean postintervention
HbA,, value was 0.42% lower in inter-
vention groups than in controls. Here
and throughout, percentage values re-
fer to the absolute change in HbA,,
value, which is measured in percent-
age points. Also, from this point on, we
refer simply to reductions in HbA,,
value, although the outcome is always
the postintervention difference be-
tween intervention and control groups.
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Including the baseline difference be-
tween the intervention and control
groups in a univariate model exerted
minimal effect, but a dichotomous vari-
able for poor baseline glycemic con-
trol was a significant predictor. Stud-
ies in which the mean baseline HbA,.
value was at least 8.0% (45 trials) re-
ported significantly greater reduc-
tions in HbA,, values than studies with
lower baseline values (0.54% vs 0.20%,
respectively; P=.005). Effect sizes did
not differ on the basis of country
(United States vs other country) or key
methodological features (eg, study de-

sign, clustered allocation, blinding).
However, studies with sample sizes less
than the median for all included stud-
ies (180 patients) reported substan-
tially greater reductions in HbA,, val-
ues compared with trials having sample
sizes at least as large as the median
(0.61% vs 0.27%; P=.004).

This inverse relationship between
effect magnitude and sample size re-
mained significant when we stratified by
potential confounders, such as study de-
sign and the presence of clustering. We
also considered the possibility of con-
founding by type of strategy—ie, that

]
Figure 1. Search Strategy and Article Review Process

5121 Citations Identified
4933 MEDLINE
109 EPOC Database
79 Hand Search

4413 Excluded

3456 Not an Evaluation of Quality

328 Unrelated to Diabetes Care

Improvement Intervention
351 Excluded Topic
232 Study Design Did Not Meet Inclusion
Criteria
36 Did Not Report Changes in Mean
HbA,
10 No Component of Clinician
or Organizational Change

708 Full-Text Articles Reviewed

650 Excluded

129 Not an Evaluation of Quality

265 Study Design Did Not Meet Inclusion

100 Did Not Report Changes in Mean

8 Unrelated to Diabetes Care

Improvement Intervention
24 Excluded Topic

Criteria

HbA,

87 No Component of Clinician
or Organizational Change

20 Duplicate or Overlapping
Publications

17 Other

58 Articles Reporting 66 Comparisons
Included in Analysis™
50 Randomized Controlled Trials
3 Quasi-Randomized Trials
13 Controlled Before-After Trials

“Excluded topic" applied to studies focused predominantly on diabetes in pregnancy, type 1 diabetes, or dia-
betes in children/adolescents, screening for new diagnoses of diabetes, preventing diabetes in high-risk pa-
tients, and inpatient management of diabetes. The predominant reason for exclusion under “Other” was omis-
sion of key data (eg, numbers of patients or preintervention glycosylated hemoglobin [HbA] values®**°), which
applied to 8 studies. Full text review was conducted by 2 independent reviewers, with conflicts resolved by
consensus among 3 reviewers. EPOC indicates Cochrane Collaboration’s Effective Practice and Organisation

of Care group.

*More than 1 design could be reported in single article.
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specific QI strategies might be evalu-
ated in larger studies and might also tend
to achieve smaller effects. However, we
found no evidence for such a relation-
ship. We also considered the possibil-
ity that achieving large improvements in
glycemic control might prove more dif-
ficult over time and that sample sizes for
published evaluations of QI interven-
tions might also have increased over
time. We found a very weak, nonsig-
nificant relationship between study year
and effect size. Inclusion of study year
in the model did not alter the signifi-
cant inverse relationship between effect
magnitude and trial size. We therefore
regarded the finding that smaller stud-
ies reported larger effect sizes as pre-
dominantly reflecting publication bias,
with smaller trials likely to be pub-
lished only if they reported large ef-
fects. A conventional funnel plot showed
highly significant asymmetry (P=.001),
though this finding by itself would not
convincingly indicate publication
bias given the presence of significant
heterogeneity.'®

Although effect sizes did not differ sig-
nificantly between trials with random-
ized and nonrandomized designs across
all trials, differences were apparent
within some QI strategies. The results
of restricting the analysis to random-
ized trials are presented with results for
the specific categories of QI strategies
that showed such differences.

Ql Strategies and Glycemic Control

Based on the univariate results, we per-
formed multivariate analyses that con-
trolled for study size and mean base-
line HbA,, values of 8.0% or greater.
Using this model, 2 QI strategies were
associated with mean reductions in
HbA,. values of at least 0.50%: team
changes (0.67%; 95% CI, 0.43% to
0.91%; n=26 trials) and case manage-
ment (0.52%;95% CI,0.31% to 0.73%;
n=26 trials) (FIGURE 2). The thresh-
old of 0.50% is purely descriptive; it was
not specified a priori as a cutoff for clini-
cally important effects. In fact, 4 addi-
tional strategies—patient education,
patient reminders, the use of an elec-
tronic patient registry, and clinician
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]
Table. Key Features of Trials Included in the Meta-analysis

No. of Patients With
HbA,. Data (No. After

Study Setting Study Design Adjusting for Clustering)* QI Strategies Used
Ahring et al,*® Two endocrinology clinics in RCT 38 Self-management, facilitated relay
1992 Canada
Armour et al,% Clinics and pharmacies in 3 regions  Clustered CBA 145 (84) Patient education, self-management, case
2004 in Australia (6 clinic-pharmacy management
pairs)
Benjamin et al,*°  Two clinics at major teaching Clustered quasi-RCT 106 (41) Clinician education (workshops, printed
1999 hospital in Springfield, Mass (2 firms) materials), continuous quality
improvement
Boucher et al,*’  Six clinics in the United Kingdom Clustered CBA (6 183 (97) Clinician education (workshops), patient
1987 practices) reminders, facilitated relay, electronic
patient registry
Cagliero et al,*? Diabetes center at major teaching RCT 183 Facilitated relay
1999 hospital in Boston, Mass
Choe et al,* University-affiliated ambulatory care  RCT 72 Patient education, case management, team
2005 clinic in Michigan changes
Clifford et al,*® Diabetes clinic in Australia RCT 73 Patient education, team changes
2002
de Sonnaville 28 general practices in the Clustered CBA (28 clinics) 563 (353) Patient education, self-management,
et al,** 1997 Netherlands facilitated relay, case management, team
changes, electronic patient registry
Dijkstra et al,*® Thirteen hospital-based internal Clustered RCT (13 clinics) 516 Patient education, clinician education,
2005 medicine clinics in the clinician reminders, facilitated relay, audit
Netherlands and feedback
524 Patient education, clinician reminders
Eccles et al,* Fifty-eight general practices in the Clustered RCT (58 clinics) 3608 (1269) Clinician reminder, patient reminder, audit
2002t United Kingdom and feedback, electronic patient registry
Franz et al,"” Diabetes centers in Minnesota, CBA 156 Team changes
1995 Florida, and Colorado
Gabbay et al,® One general medicine clinic and 1 Quasi-RCT 332 Patient education, self management, patient
2006 family and community medicine reminder, case management
clinic in Hershey, Pa
Gaede et al,* Diabetes clinic in Denmark RCT 145 Patient education, team changes
2003
Gary et al,® University ambulatory clinic serving ~ RCT 83 Patient education, facilitated relay, case
2003 inner-city population in management
Baltimore, Md 84 Patient education, facilitated relay, case
management
82 Patient education, facilitated relay, case
management, team changes
Ginsberg,“ University-affiliated family practice RCT 67 Patient education, clinician education
1996 clinic in unspecified US city (printed materials), clinician reminders
Glasgow et al,*”  Two primary care clinics in RCT 174 Patient education, self-management, team
1996 unspecified US city changes
Glasgow et al,®®  General practice clinics with Clustered RCT (52 clinics) 560 (463) Self-management, facilitated relay, team
2005 physicians insured by common changes
malpractice carrier in Colorado
Goldberg et al,*”  University-affiliated general Quasi-RCT 259 Self-management, facilitated relay
2004 medicine and family medicine
clinics in Seattle, Wash
Grant et al,%® Four primary care clinics in the Clustered CBA (4 clinics) 3440 (44) Clinician reminders, patient reminders,
2004 greater Boston area electronic patient registry
Hetlevik et al,*® General practices in 2 Norwegian Clustered RCT (29 733 (420) Clinician education (workshops), clinician
2000 counties practices) reminders, audit and feedback
Hirsch et al,* University-based primary care clinic  Clustered RCT (2 firms) 109 (41) Clinician education (workshops, printed
2002 in Seattle, Wash materials), audit and feedback, case
management, team changes
Hoskins et al,*° Hospital-based diabetes clinic RCT 117 Team changes
1993 in Australia 119 Self-management, patient reminder, clinician

reminder, team changes
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]
Table. Key Features of Trials Included in the Meta-analysis (cont)

No. of Patients With
HbA,. Data (No. After

Study Setting Study Design Adjusting for Clustering)* QI Strategies Used
Hurwitz et al,’ 1993  One hospital-based and 1 RCT 118 Patient reminder, clinician reminder
community-based
general practice in
the United Kingdom
llag et al,®® 2003 Nine general medicine Clustered RCT (9 clinics) 172 (18) Patient education, clinician reminders
practices affiliated with a
single university and
managed care organization
in Michigan
Jaber et al,’® 1996 University-affiliated outpatient RCT 36 Patient education, case management
clinic in unspecified US city
Kim and Oh,”® 2003  Endocrinology clinic at a RCT 36 Patient education, self-management, case
university hospital in Korea management
Krein et al,”" 2004 Clinics at 2 university-affiliated RCT 228 Patient education, self-management,
Veterans Affairs hospitals in clinician education (printed materials),
Michigan (1 suburban, case management
1 inner-city)
Kwon et al,”? 2004 University hospital-based RCT 106 Self-management, patient reminders,
diabetes clinic in Korea facilitated relay, team changes
Legorreta et al,®' Two clinics in southern Clustered CBA 205 (159) Patient reminders, clinician education
1996 California (2 practices) (workshops, printed materials), case
management, team changes, electronic
patient registry
185 (48) Patient reminders, clinician education
(workshops, printed materials), case
management, team changes, electronic
patient registry
Levetan et al,? 2002  Diabetes education programin ~ RCT 128 Patient education, self-management, patient
unspecified US city reminders, clinician reminders, facilitated
relay
Litaker et al,” 2003 University-affiliated general RCT 157 Patient education, case management
medicine clinic in
Cleveland, Ohio
Maislos and HMO in Western Negev, Israel Clustered RCT 73 (35) Patient education, team changes
Weisman,” 2004
Majumdar et al,” Adjacent rural regions in Clustered CBA (2 regions) 373 (130) Patient education, clinician education
2003 northern Alberta, Canada (workshops, outreach), team changes
Mazzuca et al,* General medicine clinic at Clustered RCT (13 firms) 127 (101) Clinician education (workshops, printed
1986 academic medical center materials), clinician reminder, audit and
in Indianapolis, Ind feedback
Clustered RCT (14 firms) 120 (98) Patient education, patient reminders,
clinician education (workshops, printed
materials), clinician reminders, audit and
feedback
McMahon et al,® Four hospital-based and 10 RCT 104 Patient education, self-management, case
2005 community-based Veterans management
Affairs clinics in Boston,
Mass
Medi-Cal Type 2 One community-based and 2 RCT 339 Patient education, self-management, case
Diabetes academic clinics in management, team changes
Study,® 2004 southern California
serving low-income
populations
Meigs et al,** 2003 General medicine clinic at major  Clustered RCT 598 (377) Clinician education (printed materials),
teaching hospital in Boston, (26 clinicians) clinician reminders
Mass
O’Connor et al,*® Two clinics in staff model HMO  Clustered CBA (2 clinics) 241 (63) Patient education, audit and feedback, case
1996 in unspecified Midwestern management, team changes, continuous
US city quality improvement
O’Connor et al,”® Twelve primary care clinics Clustered RCT (12 clinics) 541 (246) Continuous quality improvement, electronic

2005

affiliated with single health
plan in Minnesota

patient registries
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]
Table. Key Features of Trials Included in the Meta-analysis (cont)

No. of Patients With
HbA,. Data (No. After

Study Setting Study Design Adjusting for Clustering)* QI Strategies Used
O’Connor et al,®” Two multispecialty clinics in a Clustered CBA (2 clinics) 109 (42) Electronic medical record, clinician
2005 multiclinic medical group in reminders
Minnesota
Oh et al,*® 2003 Endocrinology clinic at tertiary RCT 44 Patient education, case management
care center in South Korea
O'Hare et al,” Four general practices in the Clustered RCT (4 practices) 343 (128) Patient education, patient reminders, team
2004 United Kingdom changes
Phillips et al,®® Academic primary clinic serving  Clustered RCT (171 resident 2026 (1314) Clinician education (workshops, printed
2005 underserved population in physicians) materials), clinician reminders
Atlanta, Ga Clustered RCT (173 resident 2032 (1322) Clinician education (workshops, printed
physicians) materials, outreach), audit and
feedback
Clustered RCT (167 resident 2046 (1309) Clinician education (workshops, printed
physicians) materials, outreach), clinician
reminders, audit and feedback
Piette et al, 2000  Two general medicine clinics at ~ RCT 221 Patient education, self-management, case
university-affiliated county management
hospitals in northern
California
Piette et al,° 2001 4 university-affiliated Veterans RCT 272 Patient education, self-management, case
Affairs clinics in northern management
California
Polonsky et al,”® Clinic at large military hospital in -~ RCT 142 Patient education, self-management, case
2003 Honolulu, Hawaii management, team changes
Pouwer et al,*® Diabetes clinic at university RCT 292 Team changes
2001 medical center in the
Netherlands
Rothman et al,” University general medicine RCT 194 Patient education, case management
2005 clinic in North Carolina
Sadur et al,*® 1999  Primary care clinics from RCT 171 Patient education, patient reminders, case
integrated health network in management, team changes
Pleasanton, Calif
Shea et al,?® 2006 Primary clinics with medically RCT 1631 Patient education, facilitated relay, case
underserved patients in management
New York City and upstate
New York
Smith et al,*® 2004  General practices in Dublin, Clustered RCT (30 practices) 177 (154) Clinician education (workshops), clinician
Ireland reminders, team changes
Taylor et al,®" 2005  University-affiliated family RCT 40 Patient education, self-management, team
practice clinic in Calgary, changes
Alberta
Thompson et al,* University hospital-based RCT 46 Patient education, facilitated relay, case
1999 diabetes clinic in management
Vancouver, British
Columbia
Ubink-Veltmaat General practices in eastern Clustered RCT (5 practices) 1461 (150) Patient education, team changes
et al,®? 2005 Netherlands
van Zyl and Diabetes clinics at university Clustered CBA (2 clinics) 202 (50) Patient education, clinician education
Rheeder,® hospital in Pretoria, South (workshops), clinician reminders
2004 Africa
Varroud-Vial Four suburban and semirural Clustered CBA (57 general 352 (312) Clinician education (workshops,
et al,® 2004 districts in France practitioners) educational materials)
Wagner et al,® Primary care practices in large Clustered RCT (35 practices) 644 (415) Patient education, self-management, team
2001 staff-model HMO in Seattle, changes
Wash
Weinberger et al,®"  University-affiiated Veterans RCT 263 Patient education, self-management,

1995

Affairs clinics in Durham,
NC

patient reminders, facilitated relay,
case management

Abbreviations: CBA, controlled before-after study; HMO, health maintenance organization; RCT, randomized controlled trial.
*Across the 25 clustered trials, adjustment for clustering reduced the sample size by a median of 45% (interquartile range, 35%-65%). Marked reductions in sample size after

adjustment for clustering reflected distributions of patients across small numbers of clusters.

TUnpublished study (see Methods); date given is that of published protocol.
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education—were associated with effects
between 0.40% and 0.50%, and pooled
effect sizes were statistically signifi-
cant for all but 2 of the strategies (cli-
nician reminders and continuous QI)
(Figure 2). The observed reductions in
HbA,, values were relative to the con-
trol groups in the included studies, not
to other specific QI strategies.

Attributable Effects Associated
With Each QI Strategy

The estimates in Figure 2 do not take
into account the effects of cointerven-
tions. For each QI strategy, the esti-
mate shown reflects the mean reduc-
tion in HbA,, values associated with any
intervention that included that strat-
egy as a component. Thus, the mean re-
duction in HbA,_ values associated with,
for instance, clinician education, could
reflect the effects of any of the other strat-
egies present in interventions that in-
cluded clinician education. To assess the
impact attributable to specific QI strat-
egies, we used the meta-regression
model to determine if interventions in-
volving a given strategy achieved sig-
nificantly greater reductions in HbA,,
values than did interventions without
that strategy. This analysis did not si-

multaneously compare all 11 strate-
gies; it compared interventions that used
a given QI strategy with those that did
not, while also adjusting for the effects
of baseline glycemic control and trial
sample size. This analysis cannot ad-
just for possible patterns of association
between specific categories of QI
strategies.

Two strategies were associated with
statistically significant incremental re-
ductions in HbA, values. Interventions
involving team changes reduced HbA,,
values by 0.33% more (95% CI, 0.12%
to 0.54%; P=.004) than did interven-
tions without team changes, and inter-
ventions involving case management re-
duced HbA, values by 0.22% more (95%
CI, 0.00% to 0.44%; P=.04) than did in-
terventions that did not use case man-
agement. None of the other strategies
were associated with comparable ef-
fects. Patient education, which was pre-
sent in 38 trials, was associated with an
incremental reduction in HbA,. values
of 0.15% (P=.20); patient reminders,
present in 14 trials, were associated with
an incremental reduction of 0.11%
(P=.40). The remaining strategies were
associated with virtually no incremen-
tal reduction in HbA,, values.

]
Figure 2. Postintervention Differences in Serum HbA;. Values After Adjustment for Study

Bias and Baseline HbA,. Values

Quality Improvement Strategy No. of Trials
Team Changes 26
Case Management 26
Patient Reminders 14
Patient Education 38
Electronic Patient Registry 8
Clinician Education 20
Facilitated Relay of Clinical Information 15
Self-Management 20
Audit and Feedback 9
Clinician Reminders 18
Continuous Quality Improvement 3
All Interventions 66
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Negative estimates favor intervention groups over control groups for the indicated quality improvement (Ql)
strategy. These estimates were derived from a meta-regression model with adjustment for the effects of study
size (at least as many patients as the median among all included studies vs not) and a dichotomous variable
that equaled 1 if the mean baseline glycosylated hemoglobin (HbA,.) value was =8.0%. Thus, the point es-
timate of —0.67 % for team changes indicates that, given a large study (ie, having at least as many participants
as the median of 180 patients) in which the mean baseline HbA values were 8.0% or higher, the intervention
group would have a follow-up HbA,. value 0.67% lower than the follow-up value in the control group.
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Key Components of Interventions
For each of the 26 trials that evaluated
case management, we characterized the
professional background of the case
manager (nurse or pharmacist), the re-
lationship of that person to the clinic
(based in the clinic or established work-
ing relationship with the clinic vs not),
the type of patient contact (predomi-
nantly by telephone vs not), and whether
or notany medication changes could oc-
cur without prior approval from a phy-
sician. Only the last feature signifi-
cantly modified the effectiveness of the
intervention. Across the 11 trials® in
which nurse or pharmacist case man-
agers could make at least some inde-
pendent medication changes, the inter-
ventions reduced HbA,, values by a
mean of 0.96% (95% CI, 0.52% to
1.41%), compared with 0.41% (95% CI,
0.20% to 0.62%) for the 15 case man-
agement trials that did not include this
feature (P=.02 for this comparison)
(FIGURE 3). Across all studies and ad-
justing for both trial size and baseline
HbA,, values, case management that in-
cluded independent medication
changes was associated with a reduc-
tion in HbA,, values of 0.80% (95% CI,
0.51% to 1.10%), compared with only
0.32% (95% CI, 0.14% to 0.49%) for all
other interventions (P=.002 for this
comparison). Thus, interventions in
which case managers could make in-
dependent medication changes
achieved reductions in HbA,. values
that were 0.49% greater (95% CI, 0.19%
to 0.78%) than those achieved by in-
terventions without this feature.

For the 26 trials that evaluated team
changes, we classified interventions as
having 1 or more of the following 4 fea-
tures: (1) patient care included 1 new
team member (ie, patients routinely saw
1 clinician other than the primary phy-
sician, such as a diabetes nurse special-
ist, dietician, or pharmacist); (2) the in-
tervention added more than 1 new team
member (eg, a diabetes nurse special-
istand a dietician) or was explicitly de-
scribed as involving a multidisci-
plinary team,; (3) expansion or revision

*References 18, 45, 47, 60, 63, 64,71,74,76,79, 92.
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of professional roles (eg, nurse or phar-
macist played more active role in pa-
tient monitoring or adjusting medica-
tion regimens); or (4) the intervention
was explicitly identified as “shared care”
between specialists and primary care
clinicians.

Sixteen interventions involved mul-
tidisciplinary teams and conferred an in-
cremental reduction in HbA,, values of
0.37% (95% CI, 0.16% to 0.58%). In
other words, adjusting for trial size and
mean baseline HbA, values of 8.0% or
greater, interventions that involved mul-
tidisciplinary teams achieved reduc-
tions in HbA, values 0.37% greater than

QUALITY IMPROVEMENT STRATEGIES AND GLYCEMIC CONTROL

interventions without this feature
(P<<.001). Shared care and expansion or
revision of professional roles were as-
sociated with comparable effect sizes,
though these were not statistically sig-
nificant, presumably due to small num-
bers of trials (5 and 4, respectively).
However, simply adding a new team
member did not confer comparable ben-
efit. On average, these interventions were
associated with reductions in HbA,, val-
ues that were 0.19% less than those of
other interventions, though this differ-
ence was not statistically significant
(P=.20), again presumably due to lack
of power (6 trials).

The definitions of team changes and
case management only partially over-
lapped. Ten trials were classified as in-
volving both case management and
team changes, but 16 trials involved
case management without team changes
and 16 trials involved team changes
without case management. We for-
mally tested for confounding by evalu-
ating a meta-regression model that in-
cluded trial size, mean baseline HbA,.
values of 8.0% or greater, and the pres-
ence of case management. Team
changes remained a significant con-
tributor to the reduction in HbA, . val-
ues in this model, conferring an addi-

Figure 3. Random-Effects Meta-analysis of Trials Involving Case Management
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Across the 26 trials that evaluated interventions that included case management, the pooled reduction in glycosylated hemoglobin (HbA,) values was 0.59% (95%
confidence interval [Cl], 0.41% to 0.77%). For the 15 trials in which case managers required physician approval prior to making medication changes, the pooled
reduction in HbA. values was only 0.41% (95% Cl, 0.20% t0 0.62%), compared with 0.96% (95% Cl, 0.52% to 1.41%) for the 11 trials in which nurse or pharmacist
case managers could make independent medication changes (P=.003). Adjusting for trial size and baseline HbA,. values altered these results only slightly, with a mean
reduction in HbA,. values of 0.86% (95% Cl, 0.45% to 1.28%) for case management interventions in which case managers could make independent medication
changes, compared with 0.40% (95% Cl, 0.02% to 0.78%) for other case management interventions (P=.04). The sizes of data markers indicates the relative weight
of each trial in the meta-analysis, which reflects the precision of the estimate from the trial (largely determined by the number of patients in the trial).
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tional reduction of 0.33% (95% CI,
0.13% to 0.53%) beyond that associ-
ated with interventions without team
changes. Team changes also remained
a significant predictor in a model that
included the feature of independent
medication changes by case managers.

Across all QI strategies, we also ex-
plored the effects of the number of QI
strategies per intervention. There was no
significant trend in effectiveness based
on the number of interventions, whether
analyzed as an ordinal variable or as a
dichotomous one that distinguished
multifaceted interventions from single-
faceted ones. Interventions that used at
least 2 Ql strategies (ie, multifaceted in-
terventions) reported reductions in
HbA,. values that were only 0.03%
greater than those achieved by single-
faceted interventions (P=.90), though
only 5 trials'**°%%%8* evaluated single QI
strategies.

Additional Analyses

Reductions in HbA,. values varied
across trials to a greater extent than
would be expected by chance alone
(ie, the studies showed significant
heterogeneity [P<<.001]). Such non-
random variation is expected for an
analysis of complex interventions
involving multiple different QI strate-
gies and is what motivated the use of
a meta-regression approach. Including
study size and baseline HbA,, values
of 8.0% or greater in the regression
model reduced the unexplained varia-
tion in effect size across trials by
approximately 50%. Adding case
management and team changes to the
model accounted for all remaining
nonrandom variation.

We tested various alternate classifi-
cations of the QI categories, which did
not substantially alter the results. We
also conducted analyses that excluded
clustered trials (because of the fre-
quent requirement to impute key data
about cluster size and correlation within
clusters), which produced little change
in the main results, as did restricting
the analysis to studies with effective
sample sizes of at least 100 patients. Re-
stricting the analysis to randomized
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trials did alter some of the results, more
notably for team changes than for case
management. Among randomized trials,
the 19 interventions that involved team
changes achieved reductions in HbA,,
values only 0.17% larger than those
achieved by interventions without this
strategy (P=.16). For case manage-
ment, the incremental impact on HbA,,
values remained virtually unchanged at
0.23% (95% CI, 0.03% to 0.44%;
P=.04). However, the pooled effect was
somewhat diminished, with a mean re-
duction of 0.42% (95% CI, 0.24% to
0.61%) compared with 0.52% (95% ClI,
0.31% to 0.73%) for the estimate that
included nonrandomized trials. None-
theless, case management in which case
managers could make at least some
medication changes without waiting for
approval from physicians remained the
strategy with the most notable effects,
with a mean reduction in HbA,, val-
ues 0f 0.60% (95% CI, 0.28% t0 0.92%),
compared with only 0.24% (95% CI,
0.08% to 0.41%) for interventions that
did not include this strategy.

Adverse Effects
of the Interventions

The studies did not consistently or
comprehensively assess for the possi-
bility of undesirable effects as a result
of the intervention. Taking into
account baseline differences in glyce-
mic control, 5 trials reported increases
in HbA,. values in the intervention
group.t20708687 These increases were
small (0.2% or less) and nonsignifi-
cant. Only 12 trials reported any
results related to the occurrence of
hypoglycemia. Seven trials!®##4>:59.61.79.89
reported increases in hypoglycemia for
patients in the intervention group,
one'® of which was likely statistically
significant. Three trials'®°"®* reported
decreases in hypoglycemia for inter-
vention patients, one'? of which was
likely statistically significant. The other
2 trials reported zero events® or rates
that were virtually the same in both
groups.* Variations in reporting for-
mats and the level of supplied detail
prevented quantitative analysis of these
findings.

COMMENT

We systematically evaluated the effec-
tiveness of 11 categories of interven-
tions designed to improve the outpa-
tient care of patients with type 2
diabetes. After adjustment for poten-
tial publication bias and baseline gly-
cemic control, 2 strategies—case man-
agement and team changes—were
associated with the largest pooled re-
ductions in HbA,, values and were also
the only strategies that conferred sig-
nificant incremental reductions. The in-
terventions involving either of these
strategies were associated with signifi-
cantly larger reductions in HbA,, val-
ues than interventions that did not in-
volve them.

We also found that a key ingredient
in the success of case management in-
terventions was the ability of case man-
agers to make medication changes with-
out waiting for physician approval.
Although this aspect of the analysis was
post hoc, the results were striking. In-
terventions in which case managers
could make independent medication
changes achieved a mean reduction in
HbA . values of 0.80% (95% CI, 0.51%
to 1.10%), compared with only 0.32%
(95% CI, 0.14% to 0.49%) for all other
interventions (P=.002). Among ran-
domized trials, this effect decreased
moderately to 0.60% (95% CI, 0.28%
to 0.92%), but so did the results for
other strategies. For team changes, we
were not able to identify a single effec-
tive subtype, but simply adding a new
team member likely confers no ben-
efit compared with the use of multidis-
ciplinary teams, shared care between
specialists and primary care clini-
cians, or adding a new team member
with an expanded professional role.

Our positive findings for case man-
agement are consistent with the results
of past reviews of case and disease man-
agement,”!1°102 though previous defi-
nitions have been very broad. For in-
stance, one review defined case
management as “a set of activities
whereby the needs of populations of pa-
tients at risk for excessive resource uti-
lization, poor outcomes, or poor coor-
dination of services are identified and
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addressed through improved plan-
ning, coordination, and provision of
care.” Our definition—that at least 1
person other than the patient’s physi-
cian play an active role in coordinating
diagnosis, treatment, or ongoing pa-
tient management—more readily trans-
lates into an operational definition for
classifying interventions and for imple-
mentation in practice. Those inter-
ested in implementation should review
some of the specific studies identified as
using case management (Table), espe-
cially the 11 trials in which case man-
agers could make medication changes
without waiting for physician ap-
proval. In 4 of these trials,'®#>¢7° case
managers followed treatment proto-
cols that specified only target blood glu-
cose values, butin 5 trials’*+"> the pro-
tocols included guidance for medication
adjustments. In 4 trials,">""® case man-
agers had access to a physician (usu-
ally an endocrinologist) who provided
general support for the intervention.

Our analysis involves a number of
advances over most systematic reviews
of QI interventions, including adjust-
ment for baseline status, detection of
publication bias and correction for its
effects, accounting for the use of clus-
tered designs, and addressing the
problems of confounding by cointer-
ventions. Nonetheless, our analysis
has important limitations. First, the
analysis necessarily involved approxi-
mately 20 comparisons—the 11 dis-
tinct categories of strategies plus trial
features such as sample size, design,
country, and study year. Some of our
findings would remain statistically
significant even if corrected for this
many comparisons. However, by
its nature, our analysis should be
regarded as exploratory and our find-
ings as hypothesis-generating.

A second limitation concerns the in-
trinsic complexity of the interven-
tions. This complexity, compounded by
the paucity of descriptive detail in most
studies, may have resulted in misclas-
sification of interventions, which would
tend to bias toward the null. Thus, some
of the QI strategies for which we found
small mean reductions in HbA,, val-
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ues may have had their true effects
dampened. Lack of detail about inter-
vention features represents a fre-
quently encountered problem for sys-
tematic reviews of QI strategies.’®®> As
more guidelines for QI research ap-
pear,'” published evaluations will hope-
fully provide more complete descrip-
tions of interventions and do so using
established taxonomies.*

Third, despite our attempts to take
into account effects of cointerven-
tions and important trial features in our
analysis, there remain important con-
founders and selection effects for which
we could not adjust. For instance, pa-
tients enrolled in case management pro-
grams may have been more likely to
show larger reductions in HbA,. val-
ues because they tended to have poor
glycemic control to begin with and pos-
sibly because of other factors such as
motivation. There may also have been
confounding by important organiza-
tional characteristics. For instance, the
implementation of an electronic pa-
tient registry likely reflects greater in-
stitutional investment in QI activities.
Finally, the primary studies them-
selves have important limitations, in-
cluding modest sample sizes, method-
ological shortcomings, and variable
quality of reporting.

We found that larger studies reported
significantly smaller reductions in HbA,,
values than did smaller studies.
Although routinely addressed in meta-
analyses of clinical interventions, few
systematic reviews of QI strategies have
considered publication bias,'**3! and
no previous review has attempted to
adjust for its effects. In an earlier
review,” we found that trial design was
significantly associated with effect
magnitude for measures of clinician
adherence to target processes of care.
Nonrandomized trials reported im-
provements in clinician adherence that
exceeded by 14% those observed in ran-
domized trials (P=.001) and also
reported significantly larger improve-
ments in glycemic control. The pres-
ent review found a less striking rela-
tionship between trial design and effect
magnitude, reflecting publication in the

last 2 years of more controlled before-
after trials that reported small, nonsig-
nificant changes in HbA, values. None-
theless, within many of the categories
of QI strategies, trends toward smaller
effects with randomized trials were seen,
underscoring the importance of data
from randomized controlled trials to
evaluate candidate QI interventions.

Our finding that single-strategy in-
terventions achieved comparable ef-
fects to multifaceted interventions is not
as robust as our other findings, given
that the analysis included only 5 single-
strategy interventions. It is worth not-
ing, however, that 3 recent systematic
reviews of QI strategies—2 reviews
across a broad range of conditions**'®
and 1 in hypertension care'®—have
found no difference in effect between
single-faceted and multifaceted inter-
ventions.

CONCLUSIONS

In summary, we found that most QI
strategies for diabetes care produced
small to modest improvements in gly-
cemic control. Relative to other QI strat-
egies, team changes and case manage-
ment were associated with larger, more
robust reductions in HbA . values than
the other 9 QI strategies evaluated.
However, our findings of smaller effects
for other QI strategies should be inter-
preted cautiously, given that some strat-
egies were evaluated in relatively few
trials, and heterogeneity or misclassi-
fication may have lessened our ability
to determine their full effects. Itis also
worth noting that no interventions
involving financial incentives for cli-
nicians met our inclusion criteria. The
literature on such incentives is still rela-
tively sparse'” but shows some prom-
ise. The current interest in “pay for per-
formance”!®® will hopefully generate
more evaluations of interventions
focused on improving diabetes care.
For those with a purely pragmatic in-
terest in effective means of improving
outpatient diabetes care, the most strik-
ing finding of our analysis is that case
management in which nurse or phar-
macist case managers could make in-
dependent medication changes was as-
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sociated with improvements in glycemic
control that were substantially larger
than those associated with any other
strategy. However, the importance of
this component of case management
was not one of our prespecified hy-
potheses. Moreover, the selection of
case management as an intervention, es-
pecially one involving expanded pro-
fessional roles for case managers, may
have been a marker for important pa-
tient or organizational features likely to
produce larger improvements in gly-
cemic control. The effectiveness of case
management should therefore be con-
firmed in rigorously designed, large,
prospective trials. In addition to cap-
turing important clinical outcomes,
such trials should include detailed eco-
nomic evaluation, as the existing lit-
erature does not provide sufficient in-
formation to determine the cost-
effectiveness of implementing specific
QI strategies, many of which are re-
source intensive.
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An old teapot, used daily, can tell me more of my past
than anything I recorded of it. Continuity . . .
continuity . . . it is that which we cannot write down,
it is that we cannot compass, record or control.
—Sylvia Townsend Warner (1893-1978)

440 JAMA, July 26, 2006—Vol 296, No. 4 (Reprinted)

©2006 American Medical Association. All rights reserved.

Downloaded from www.jama.com at UNIV OF NEW ENGLAND LIBR, on April 25, 2007


http://www.jama.com

