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Summary

Background The effectiveness of quality improvement (QI) strategies on diabetes care remains unclear. We aimed to
assess the effects of QI strategies on glycated haemoglobin (HbA,), vascular risk management, microvascular
complication monitoring, and smoking cessation in patients with diabetes.

Methods We identified studies through Medline, the Cochrane Effective Practice and Organisation of Care database
(from inception to July 2010), and references of included randomised clinical trials. We included trials assessing
11 predefined QI strategies or financial incentives targeting health systems, health-care professionals, or patients to
improve management of adult outpatients with diabetes. Two reviewers independently abstracted data and appraised
risk of bias.

Findings We reviewed 48 cluster randomised controlled trials, including 2538 clusters and 84865 patients, and
94 patient randomised controlled trials, including 38 664 patients. In random effects meta-analysis, the QI strategies
reduced HbA, by a mean difference of 0-37% (95% CI 0-28-0-45; 120 trials), LDL cholesterol by 0-10 mmol/L
(0-05-0.14; 47 trials), systolic blood pressure by 3-13 mm Hg (2-19-4-06, 65 trials), and diastolic blood pressure by
1-55 mm Hg (0-95-2-15, 61 trials) versus usual care. We noted larger effects when baseline concentrations were
greater than 8.0% for HbA,, 2-59 mmol/L for LDL cholesterol, and 80 mm Hg for diastolic and 140 mm Hg for
systolic blood pressure. The effectiveness of QI strategies varied depending on baseline HbA, control. QI strategies
increased the likelihood that patients received aspirin (11 trials; relative risk [RR] 1-33, 95% CI 1-21-1-45),
antihypertensive drugs (ten trials; RR 1-17, 1-01-1-37), and screening for retinopathy (23 trials; RR 1-22, 1-13-1-32),
renal function (14 trials; RR 128, 1-13-1-44), and foot abnormalities (22 trials; RR 1-27, 1-16-1-39). However, statin
use (ten trials; RR 1-12, 0-99-1-28), hypertension control (18 trials; RR 1-01, 0-96-1-07), and smoking cessation
(13 trials; RR 113, 0-99-1-29) were not significantly increased.

Interpretation Many trials of QI strategies showed improvements in diabetes care. Interventions targeting the system
of chronic disease management along with patient-mediated QI strategies should be an important component of
interventions aimed at improving diabetes management. Interventions solely targeting health-care professionals
seem to be beneficial only if baseline HbA,_ control is poor.

Funding Ontario Ministry of Health and Long-term Care and the Alberta Heritage Foundation for Medical Research
(now Alberta Innovates—Health Solutions).

Introduction
Despite high-quality evidence showing improved clinical
outcomes for patients with diabetes who receive various
preventive and therapeutic interventions,' many patients
with diabetes do not receive them.”® The gap between
ideal and actual care is not surprising in view of the
complex nature of diabetes management, often needing
coordinated services of primary-care physicians, allied
health practitioners, and subspecialists. Moreover, it is a
challenge to change patient behaviour and encourage
healthy lifestyles.®

In view of the increasing prevalence of diabetes and the
burgeoning cost of managing patients with this disease,’
improving the efficiency of diabetes care is an important
goal. Although clinicians, managers, and policy makers
expend significant time and resources attempting to

optimise care for patients with diabetes, the optimum
approach to improving diabetes care (and outcomes)
remains uncertain.

A previous systematic review® assessed the effect of
quality improvement (QI) interventions to improve
glycaemic control for patients with type 2 diabetes in
66 controlled studies published by April, 2006. Over a
median follow-up of 13 months, the QI interventions
significantly lowered glycated haemoglobin (HbA,) by a
mean 0-42% (95% CI 0-29-0-54). After adjust-
ment for study size and baseline HbA,, two of the
11 categories of QI strategies were associated with
reductions in HbA, of at least 0-50%: team changes
(26 trials; 0-67%, 95% CI 0-43-0-91) and case
management (26 trials; 0-52%, 0-31-0-73). Only these
two strategies led to significant incremental reductions
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in HbA, (ie, interventions that included either of these
two strategies achieved significantly greater improve-
ments than strategies without them).

Since the previous review* noted a rapid growth of
published work on this subject and did not assess the
effect of QI strategies on outcomes other than HbA, , we
sought to update and expand the review by considering
the effect of QI interventions on glycaemic control,
vascular risk-factor management, monitoring of micro-
vascular complications, and smoking cessation in
patients with diabetes.

Methods

Study selection and search strategy

Our systematic review was based on a protocol with input
from experts in diabetes care, methods, and statistics.’
We selected randomised clinical trials that assessed
11 predefined QI strategies or financial incentives
targeting health-care professionals® for the management
of adult outpatients with diabetes (panel). The QI
strategies targeted health systems (eg, team changes),
professionals (eg, professional reminders), or patients
(eg, promotion of self management). By use of a
framework of outcomes (appendix), we required that
studies reported at least one process of care measure
(proportion of patients taking aspirin, statins, anti-
hypertensive drugs, screened for retinopathy, screened
for foot abnormalities, monitored for renal function) or
intermediate outcome (HbA, and LDL-cholesterol
concentrations, diastolic and systolic blood pressure,
proportion of patients with controlled hypertension, or
who quit smoking). Consistent with the previous review,
we excluded trials assessing the effect of QI strategies
aimed solely at the patient (ie, with no associated health
systems or professional change).

We identified studies through Medline (July, 2003 [last
date of the original search”), to July, 2010), the Cochrane
Effective Practice and Organisation of Care (EPOC)
database (July, 2003, to July, 2010), and the references of
included trials. An experienced librarian developed the
search strategy, which was peer reviewed independently
by another information specialist.” We restricted our
final search strategy for Medline to reports in English
(appendix); we adjusted it as necessary for searching the
Cochrane EPOC database.

To ensure reliability, we undertook a training exercise
before the screening process with a random 5% sample
of search results. Two reviewers subsequently screened
the records from the updated search. Two reviewers
obtained the full text of potentially relevant articles
and screened them independently for inclusion. Dis-
crepancies were resolved by discussion or involvement
of a third reviewer. Two reviewers independently
rescreened all full-text articles from the previous review
for inclusion, since our inclusion criteria were slightly
different from the original report.® Since we relied on
searches done in the previous review, we were unable to
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establish the reason for exclusion for about 4% (220 of
5592) of the citations.

We developed and modified a data abstraction form after
a training exercise for reviewers. Data items were study
details (eg, randomisation of clusters or patients , setting,
duration of intervention, type of QI intervention), charac-
teristics of participants (eg, mean age, proportion who
were male), outcomes assessed, and study results (eg,
mean HbA, and SDs at baseline and the end of the
intervention for the control and intervention groups). Two
reviewers abstracted data independently from all of the
included studies from the updated search, and those from
the original review. Furthermore, two reviewers indepen-
dently classified the QI strategies with our framework
(panel). We contacted authors of the trials we included to
obtain further information for data items that needed
clarification. The Cochrane EPOC method was used to
assess the risk of bias in individual studies.””
Discrepancies were resolved by discussion or the
involvement of a third reviewer.

Statistical analysis

We used well established methods to adjust cluster-
randomised controlled trials for meta-analysis with
patient-randomised controlled trials.** As in the
previous review,® many of the cluster trials we included
did analyses at the patient level rather than the cluster
level (ie, unit of analysis errors). In an attempt to avoid
spurious estimates in patientlevel outcomes, we
calculated an effective sample size for each such trial by
use of the intracluster correlation coefficient (ICC).**™
We imputed unreported ICCs based on ICCs reported in
other included trials for each outcome. To ensure that we
maintained the independence of studies, we included a
maximum of two groups in our analysis even if trials had
more than two groups.” For example, if a trial assessed
team changes and education of patients versus education
of patients alone versus usual care, we included only the
team changes and education of patients versus usual
care groups in our analysis. This restriction applied for
only ten trials we included. We imputed unreported SDs
by use of established methods.""*

We assessed the effects of each QI strategy across the
outcomes descriptively, assessing the data distributions,
means, medians, and IQRs. We then used a random
effects model to estimate the pooled risk ratio (RR,
dichotomous data) or the mean difference (continuous
data) across the included trials (Comprehensive
Meta-analysis Version 2.2050).» We assessed the
consistency of results across the studies by use of forest
plots and the statistical heterogeneity with the
I2 statistic.”? We did a post-hoc secondary analysis to
explore whether the effectiveness of QI strategies varied
in studies enrolling patients with diabetes who had poor
baseline achievement of quality indicators (defined by
baseline HbA,, LDL cholesterol, and diastolic and
systolic blood pressures).

See Online for appendix
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Panel: Taxonomy of quality improvement strategies

Quality improvement (QI) strategies targeting

health systems

Case management

Any system for coordinating diagnosis, treatment, or routine
management of patients (eg, arrangement for referrals,
follow-up of test results) by a person or multidisciplinary team
in collaboration with, or supplementary to, the primary-care
clinician. For a randomised controlled trial to qualify, the case
management had to happen more than once. Most of these
studies had less involvement than in those with team changes
(ie, case manager did not have to speak with primary-care
physician). If the study called the intervention “case
management” we classified it as such.

Team changes

Changes to the structure or organisation of the primary

health-care team were defined as present if they met

certain criteria:

+ Adding ateam member or shared care—eg, routine visits
with people other than the primary physician (including
physician or nurse specialists in diabetic care, pharmacists,
nutritionists, podiatrists).

+ Use of multidisciplinary teams—ie, active participation of
professionals from more than one discipline (eg, medicine,
nursing, pharmacy, nutrition) in the primary, routine
management of patients.

« Expansion or revision of professional roles (eg, nurse or
pharmacist has a more active role in monitoring of the
patient or adjusting drug regimens).

To ensure that every study we classified as case management
would not also qualify as a team change, we could classify a
study that was already classified as case management also as a
team change if at least two of the above conditions were met.
Team changes involved more communication. If the study
called the intervention “joint visits” or “shared care”, we
classified it as a team change. To qualify, the intervention had to
be done by a health-care professional and had to happen more
than once.

Electronic patient registry

General electronic medical record system or electronic tracking
system for patients with diabetes. We did not include websites
unless patients were tracked over time. To qualify, it had to be a
part of the clinical trial as an intervention (ie, not pre-existing
infrastructure unless used more actively).

Facilitated relay of information to clinicians

Clinical information collected from patients and transmitted
to clinicians by means other than the existing medical record.
We excluded conventional means of correspondence between
clinicians. For example, if the results of routine visits with a
pharmacist 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 “facilitated relay”. However, if the pharmacist

issued structured diaries for patients to record self-monitored
glucose values, which were then taken to office visits to
review with the primary physician, we would count the
intervention as “facilitated relay”. Other examples include
electronic or web-based methods through which patients
provided self-care data and which clinicians reviewed, as well
as point-of-care testing supplying clinicians with immediate
HbA, values. We included passports, referral systems, and
dietary information (vs purely clinical information). In
general, the patient should be facilitating the relay. To be
included, the information must get to someone with
prescribing or ordering ability. For example, if the nurse’s role
was expanded to make drug changes, the patient had a
passport, and the nurse could directly make a change, we
would classify the intervention as case management and
facilitated relay of clinical information (depending on the
study and situation). If the nurse alerted the primary-care
provider that the patient had run out of drugs, we did not
deem this facilitated relay of information, because that is a
normal part of a nurse’s role.

Continuous QI

Interventions explicitly identified as involving the techniques of
continuous Ql, total quality management, or plan-do-study-act,
or any iterative process for assessing quality problems,
developing solutions to those problems, testing their effects,
and then reassessing the need for further action.

Ql strategies targeting health-care providers

Audit and feedback

Summary of clinical performance of health care delivered by an
individual clinician or clinic over a specified period, which was
then transmitted back to the clinician (eg, the percentage of a
clinician’s patients who achieved a target HbA,. concentration
or who underwent dilated-eye examinations with a specified
frequency). This strategy was strictly based on clinical data and
excluded clinical skills. It could include the number of patients
with missing tests and dropouts.

Clinician education

Interventions designed to promote increased understanding
of principles guiding clinical care or awareness of specific
recommendations for a target disorder or population of
patients. Subcategories of clinician education included
conferences or workshops, distribution of educational
materials (written, video, or other), and educational outreach
visits (ie, academic detailing). We excluded teaching how to
educate patients, counselling skills, motivational
interviewing, self-directed learning, and skills related to the
intervention (eg, teaching how to use the website for the
randomised controlled trial). We included all health-care
providers. If the education was part of the individual’s role
(eg, teaching a case manager about diabetes) we did not
categorise it as clinician education.

(Continues on next page)
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(Continued from previous page)

Clinician reminders

Paper-based or electronic systems intended to prompt a health
professional to recall patient-specific information (eg, most
recent HbA, value) or to do a specific task (eg, foot examination).
If the strategy was accompanied by a recommendation, we
subclassified it as decision support (eg, giving targets to health-
care providers). An example is a yellow piece of paper clipped to
the medical record with the patient’s information on it. This
approach had to be systematic and part of the implementation
of the intervention—we excluded ad-hoc clinician reminders.

Financial incentives

Interventions with positive or negative financial incentives
directed at providers (eg, linked to adherence to some process
of care or achievement of some target outcome). This strategy
also includes positive or negative financial incentives directed
at patients or system-wide changes in reimbursement

(eg, capitation, prospective payment, or a shift from fee-for-
service to salary pay structure).

Ql strategies targeting patients

Education of patients

Interventions designed to promote greater understanding of
atarget disorder or to teach specific prevention or treatment
strategies, or specific in-person education (eg, individual or
group sessions with diabetes nurse educator; distribution of

We decided a priori to do meta-regression with a linear
fixed-effects model (Proc Mixed SAS Version 9.2) for
studies reporting HDA,. Our meta-regression adjusted
for two study characteristics, median baseline HbA,
(<8-0% vs =8-0%) and median effective sample size
(=141 patients vs >141 patients). The sample size variable
largely accounted for study design (ie, patient trials vs
cluster trials), since cluster-randomised trials included
many more patients than patient-randomised trials.
We chose these characteristics a priori because they were
methodologically relevant and significantly predicted
HbA, concentrations in univariate analysis. Because of
the complexity of the combination of QI strategies we
assessed in each trial and the restricted number of similar
combinations across all trials, we assessed the QI
strategies separately in our analysis (ie, the QI strategies
were dichotomised). For example, if a trial compared five
different QI strategies versus usual care and reported a
reduction of 0-3% in HbA,, we applied this result to each
of the five QI strategies assessed for this trial. To assess
the effects of individual QI strategies on the HbA,_ results,
we also did meta-regression analyses of trials with a given
QI intervention versus trials without the particular QI
intervention. For example, we included all trials in the
model and then we assessed the effect of a given QI
intervention (eg, team changes) on the HbA,_ estimate by
excluding the trials contributing data to team changes.
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printed or electronic educational materials). Interventions with
education of patients were included only if they also included
at least one other strategy related to clinician or organisational
change. We did not include occasions of optional education.

Promotion of self-management

Provision of equipment (eg, home glucose meters) 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
self-management were included only if they also included at least
one other strategy related to clinician or organisational change.
We also included established goals or a print off of a self-
management plan (ie, did not necessarily require equipment or
resources). If the study called the intervention promotion of self-
management, personalised goal-setting, or action-planning, we
included it here. We generally thought this a more active strategy
than education of patients.

Reminder systems

Any effort (eg, postcards or telephone calls) to remind patients
about upcoming appointments or important aspects of

self care. Interventions with reminders were included only if
they also included at least one other strategy related to clinician
or organisational change. Examples included reminders to
monitor glucose. If the intervention included case
management, reminders to patients needed to be explicit and
an extra task to the normal case management.

| 5592 titles and abstracts |

3440 excluded

2064 not a randomised trial

1376 not an assessment of quality
| improvement interventions

A4

| 2152 full-text articles reviewed

1990 excluded
617 not an assessment of quality
improvement interventions
498 not a randomised trial
358 excluded topic
259 no component of clinician
or organisational change
v 134 not diabetes care
109 did not report eligible
outcomes or usable data
15 English translation unavailable

162 included randomised trials
48 cluster trials plus

6 companion reports
94 patient trials plus

14 companion reports

Figure 1: Study profile

Role of the funding source

The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation,
or writing of the report. The corresponding author
had full access to all the data in the study and had
final responsibility for the decision to submit for
publication.
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Results

Figure 1 shows the study profile. 48 cluster-randomised
trials, including 2538 clusters and 84865 patients, and
94 patient-randomised trials, including 38664 patients,
fulfilled our inclusion criteria. 20 companion reports
provided supplementary information (appendix).

Patient trials (N=94; Cluster trials (N=48;

38664 patients)* 84865 patients)

Duration of intervention 12 (6-12) 12 (11-8-18)

(months)

Longest duration of 12 (6-13) 12 (12-21)

follow-up (months)

Study outcomes
Aspirin use 4 (4%) 7 (15%)
Statin use 7 (8%) 4 (8%)
Any hypertensivedruguse 8 (9%) 3 (6%)
Retinopathy screening 10 (11%) 15 (31%)
Renal screening 4 (4%) 11 (23%)
Foot screening 9 (10%) 15 (31%)
HbA, 84 (89%) 32 (67%)
LDL cholesterol 31 (33%) 16 (33%)
Diastolic blood pressure 39 (42%) 23 (48%)
Systolic blood pressure 40 (44%) 25 (52%)
Hypertension control 10 (11%) 8 (17%)
Smoking cessation 6 (6%) 9 (19%)

Number of clusters NA 29 (12-57)

Number of patients 127 (63-206)
56-4 (51-6-60-7)

50-6 (38-8-59-1)

684 (343-1549)
62-4 (58-1-65-1)
49 (44.7-527)

Mean age (years)

Percentage male

Type of diabetes
Type 1 8 (6%) 1(2%)
Type 2 52 (55%) 28 (58%)
Types1and 2 26 (28%) 8 (17%)
Type unclear or not 8 (9%) 11 (23%)
reported

Administrators of interventions for patients
Primary-care physician 18 (19%) 12 (25%)
Nurse 53 (56%) 14 (29%)
Pharmacist 17 (18%) 2 (4%)
Dietitian 19 (20%) 3 (6%)
Psychiatrist 3(3%) 0
Psychologist 1(1%) 1(21%)
Ophthalmologist 2 (2%) 0
Specialist or 18 (19%) 3 (6%)
endocrinologist
Other 34 (36%)t 15 (31%)

Masking
Intervention masked 3(3%) 3(6%)
from patients
Intervention masked 11 (12%) 12 (25%)

from patients’ assessors

Intervention masked NA 2 (4%)
from patients’ providers

Number of Qls per trial 3(2-4) 3(2-3)

(Continues in next column)

Many characteristics of studies and patients were
similar for patient and cluster trials (table 1, appendix).
However, the two types differed with respect to sample
size, masking, and who gave the intervention. For
patient-randomised trials, most included the QI
strategies of patients’ education, promotion of self-
management, team changes, and case management
(table 1). By contrast, cluster-randomised trials mostly

Patient trials (N=94; Cluster trials (N=48;
38664 patients)* 84865 patients)
(Continued from previous column)
Trials per QI strategies
Audit and feedback 4(4%) 11(23%)
Case management 49 (52%) 7 (15%)
Team changes 46 (49%) 8 (17%)
Electronic patient registry 19 (20%) 12 (25%)
Clinician education 6 (6%) 20 (42%)
Clinician reminders 9 (10%) 13 (27%)
Facilitated relay 26 (28%) 8 (17%)
Patient education 41 (44%) 19 (40%)
Promotion of self- 49 (52%) 14 (29%)
management
Patient reminders 15 (16%) 8 (17%)
Continuous quality 0 4 (8%)
improvement
Financial incentives 0 1(2%)
Country of publication
USA 46 (49%) 22 (46%)
Canada 9 (10%) 2 (4%)
UK 8 (9%) 6 (13%)
South Korea 7 (8%)
China 2 (2%)
Netherlands 2 (2%) 6 (13%)
Australia 3(3%) 3(6%)
Denmark 2 (2%) 1(2%)
Thailand 1(1%) -
Norway 1(1%) 1(2%)
Finland 1(1%) -
France 2 (2%)
Germany 2 (2%)
Taiwan 1(1%)
Israel 1(1%) 2 (4%)
Italy 1(1%) 1(2%)
Spain 3(3%)
Switzerland 1(1%) 1(2%)
United Arab Emirates 1(1%)
Belgium - 1(2%)
Ireland - 1(2%)
Mexico - 1(2%)
New Zealand - 1(2%)
Data are median (IQR) or n (%). HbA, =glycated haemoglobin. NA=not applicable.
Ql=quality improvement. *Includes three crossover trials and two
quasi-randomised trials. tIncludes investigators and community workers.
Table 1: Characteristics of studies and patients
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included patients’ education, clinicians’ education, and
promotion of self-management (table 1).

Only 39% of the trials (55 of 142) adequately reported
allocation sequence generation and 42% (60 of 142)
adequately reported concealing the allocation sequence.
The corresponding proportion for differences in baseline
outcome measures was 10% (14 of 142), for differences in
baseline characteristics (eg, demographics) was 16% (23 of
142), for incomplete outcome data was 17% (24 of 142), for
potential knowledge of allocated interventions was 8%
(110f142), for inadequate protection against contamination
was 6% (nine of 142), and for potential for selective
outcome reporting was 1% (one of 142; appendix).

120 trials reported a mean decrease in HDA,
concentration over a median follow-up of 12 months
associated with QI interventions (table 2, figure 2).
QI strategies were associated with lower LDL-cholesterol
concentrations across 47 trials, lower systolic blood
pressure across 65 trials, and lower diastolic blood
pressure across 61 trials over a median follow-up of
12 months (table 2, figure 2).

QI strategies were associated with an increase in use of
aspirin over a median follow-up of 18 months and any
antihypertensive drugs over a median follow-up of
13 months (table 2). There were no significant differences
associated with QI strategies for use of statins over a
median follow-up of 19 months and achievement of
adequate control of hypertension over a median follow-
up of 12 months (table 2).

QI strategies were associated with increases in
retinopathy screening, screening for renal involvement,

12 months (table 2). QI strategies were not associated
with a significant difference in smoking cessation rates
over a median follow-up of 12 months (table 2). The six
trials that included smoking cessation counselling as
part of their QI strategy did not achieve greater
cessation rates.

In studies enrolling patients who had poor baseline
achievement of quality indicators, QI strategies were
associated with larger effects across HbA,, systolic and
diastolic blood pressure, and LDL cholesterol (table 3).
The effectiveness of each QI strategy varied by baseline
HDA,. concentration. Decreases in HbA, of more than
0-5% were noted for four QI strategies (team changes,
case management, patients’ education, and promotion of
self-management) in trials enrolling patients with HbA
greater than 8-0%, and one QI strategy (facilitated relay)
in trials enrolling patients with HbA, of 8-0% or less
(table 4).

After adjustment for median baseline HbA, values and
effective sample size, the QI strategies were associated
with significantly lower HDbA, than usual care was
(figure 3). All QI strategies were associated with
significant changes in HbA,, except for clinician
education.

In our planned analysis in which we sequentially
omitted all trials with a given QI strategy from our meta-
regression model, HbA, was further lowered when
the QI strategy included team changes (0-33%), case
management (0-21%), promotion of self-management
(0-21%), clinician education (0-19%), patient education
(0-16%), facilitated relay (0-12%), an electronic patient

and foot screening over a median follow-up of registry (0-08%), and patient reminders (0-02%).
Studies Numberof Median baseline Median baseline values P Pooled effect
(imputed SDs)  patients compliance (IQR) (IQR) (95% CI)*

Dichotomous outcomes
Aspirin use 11 2258 10-5% (0-2 to 25-8) NA 38:5% 1-33(1-21t0 1:45)
Statin use 10 1853 32:76% (20-4t0 42-8) NA 582% 112 (0-99t0 1-28)
Antihypertensive drug use 10 2264 61:35% (55-0t0 74-0) NA 91-4% 117 (1.01t0 1-37)
Retinopathy screening 23 10455 84-53% (57-4t098-0) NA 80-4% 122 (113t01-32)
Renal screening 14 7317 50-5% (213t0 67-8)  NA 91-6% 128 (1113to 1-44)
Foot screening 22 8144 47-0% (39-0t0 65-0)  NA 89-4% 1-27 (116 t0 1-39)
Hypertension control 18 3813 69:5% (44-5t076-:0)  NA 67-5% 1-01 (0-96 to 1-07)
Smoking cessation 13 3231 19-8% (16:3t031-8) NA 53% 1-13(0-99to 1-29)
Hypoglycaemia 5 987 NA NA 0 0-99 (0-75to0 1:31)
Severe hypoglycaemia 6 1450 NA NA 66-8% 1.0 (0-66 to 1-51)
Hyperglycaemia 2 450 NA NA 87-4% 0-74 (02810 1-92)
Continuous outcomes
HbA,. (%) 120 (28) 22811 NA 819 (7-57 t0 9-20) 735%  -0-37 (-0-45t0-0-28)
LDL cholesterol (mmol/L) 47 (15) 11676 NA 2-93(2:71t0 3-20) 483%  -0-10 (-0-05to-0-14)
Systolic blood pressure (mm Hg) 65 (19) 14791 NA 139-75(132:69t0 145-06)  60-3% 313 (-4-06 to -2-19)
Diastolic blood pressure (mm Hg) 61(4) 12808 NA 80-00 (76-67 to 83-27) 59-0% -1-55 (-2:15t0 -0-95)

Effective sample size was used for cluster trials. HbA, =glycated haemoglobin. NA=not applicable. *Data are relative risk for dichotomous outcomes and mean difference for

continuous outcomes.

Table 2: Meta-analysis results across all outcomes
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A Number Mean difference Post-intervention reduction in HbA, (%)
oftrials  (95% Cl)
Promotion of self-management 60 0-57(0-31t0 0-83) ———
Team changes 48 0-57 (0-42 to 0-71) —o—
Case management 57 0-50 (0-36 to 0-65) —o—
Patient education 52 0-48 (0-34t0 0-61) —o—
Facilitated relay 32 0-46 (0-33t0 0-60) —e—
Electronic patient register 27 0-42 (0-24t0 0-61) ——
Patient reminders 21 0-39 (0-12 to 0-65) ——
Audit and feedback 8 0-26 (0-08 t0 0-44) ——
Clinician education 15 0-19 (0-03 to 0-35) —o—
Clinician reminders 18 0-16 (0-02to 0-31) —o—
Financial incentives 1 0-10 (-0-24 to 0-44) —T
Continuous quality improvements 2 -0-23 (-0-41t0 -0-05) ——
All interventions 120 0-37 (028 to 0-45) -
fl-IOO fO»ISO 0 0~I50 1~IOO
Favours control  Favours intervention
B . . . -
Number Mean difference Post-intervention reduction in LDL (mmol/L)
oftrials  (95% Cl)
Promotion of self-management 25 0-18 (0-10to 0-26) ——
Team changes 17 0-17 (0-07 to 0-27) —e—
Facilitated relay 9 0-16 (0-06 to 0-25) ——
Clinician reminders 7 0-14 (0-04 to 0-25) ——
Patient education 20 0-14 (0-04 to 0-23) —
Case management 22 0-11 (0-02to 0-21) ——
Clinician education 4 0-11 (-0-12 to 0-33) —_—t  ——
Electronic patient register 12 0-09 (-0-01t0 0-18) ——
Audit and feedback 3 0-03 (-0-04 to 0-10) —fo—
Patient reminders 12 0-01 (-0-04 to 0-07) -
Continuous quality improvements 1 -0-21(-0-55t00-14) <4+——@—-TF—
Allinterventions 47 0-10 (0-05to 0-14) -
—0-‘50 —0-‘25 0 0-I25 0-‘50
Favours control  Favours intervention
¢ Number Mean difference  Post-intervention reduction in SBP (mm Hg)
oftrials  (95% Cl)
Case management 25 462 (1-52t07-73) —_—
Team changes 27 432 (2:51t0 6-12) —e—»
Facilitated relay 12 431 (2-85t05-77) ——
Patient education 28 4-02 (2-52t0 5-52) ———
Promotion of self-management 28 3:69 (2:34to 5-04) ——
Electronic patient register 14 3-35(1-55t0 5-14) ———
Clinician education 18 2.56 (0-00 to 5-11) —
Audit and feedback 8 2:52 (1-00 to 4-04) e
Financial incentives 1 2.00 (-2:73t0 6:73) ® >
Patient reminders 12 1-82 (0-29t0 3:36) ——
Continuous quality improvements 1 100 (-2:66 t0 4-66) —_—T
Clinician reminders 12 0-65 (-1-14 t0 2-44) —t—
All interventions 65 3-13(2-19 to 4-06) ——
—6-‘00 —3-‘00 0 3-(‘)0 64(‘)0
Favours control Favours intervention
D . . . I
Number Mean difference Post-intervention reduction in DBP (mm Hg)
oftrials  (95% Cl)
Patient education 29 225 (1-33t0 3-16) ——
Promotion of self-management 28 1-89 (0-84t02:94) ——
Team changes 25 1.75 (1-00 to 2:51) ——
Clinician education 15 113 (0-13t0212) ——
Clinician reminders 11 1-11(-0-02t0 2:24) —e—
Case management 25 0-93(0-16to 1.71) ——
Facilitated relay 12 0-82 (0-04 to 1-59) —e—
Electronic patient register 11 0-78 (-0-17to 1.73) T——
Patient reminders 11 0-76 (-0-24t0 1.76) 4 o—
Audit and feedback 7 0-68 (-0-36t01-72) e
Financial incentives 1 -1.00 (-415t02-15) < ®
Allinterventions 61 1.55 (0-95 to 2-15) —e—
—4-‘00 —2-‘00 0 Z-EJO 4-(‘)0

Favours control  Favours intervention
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However, none of these results were significantly
different from the overall HbA,_ effect.

Five trials reported the proportion of hypoglycaemic
events, six trials reported the proportion of severe
hypoglycaemic events, and two trials reported the
proportion of hyperglycaemic events in patients in the
intervention and control groups. We did not identify any
significant differences across all adverse events for
patients in the intervention or control groups over a
median follow-up of 12 months (table 2).

Discussion

Our systematic review is an update of a previous review
that assessed the effects of QI strategies on glycaemic
control,® includes more than twice as many trials, and
reports the effects of QI strategies on other important
aspects of diabetes management. By including outcomes
that are deemed quality indicators in the management of
diabetes, such as diastolic and systolic blood pressure,
LDL cholesterol, medication use, and monitoring for
diabetes complications, we were able to assess the effect
of QI strategies on a broader range of diabetes care. On
the basis of evidence from more than 140 trials, the
QI strategies we assessed significantly improved HbA,,
LDL cholesterol, diastolic and systolic blood pressure,
aspirin use, antihypertensive drug use, retinopathy
screening, renal screening, and foot screening. We noted
greater improvements in HbA, control for QI strategies
targeting health systems and patients. We also noted
potentially clinically important but non-statistically
significant improvements for statin use and smoking
cessation. However, more evidence is needed to clarify
these potential improvements, since only 13 trials
(involving 3231 patients) were included in the smoking
cessation meta-analysis and ten trials (involving
1853 patients) in the statin use meta-analysis. We noted
no improvement in hypertension control.

Since we did not include trials with interventions
directed only towards the patient, the effectiveness of
patients’ education, patients’ reminders, and promotion
of selfmanagement QI strategies should be interpreted
as implemented in combination with QI strategies
targeting health-care professionals. However, high-quality
systematic reviews published in the past 5 years assess-
ing the effects of patient-mediated interventions alone
strongly support the benefits of these interventions.?*

Across most outcomes of interest, most studies enrolled
patients who were not achieving diabetes-relevant quality
indicators (ie, HbA, or blood pressure). For example,
median HDbA, concentrations across all studies were
8-19%, the median proportion of patients on statins was

Figure 2: Findings from meta-analyses

Findings of the meta-analyses for biological markers: glycated haemoglobin
(HbA,; A), LDL cholesterol (LDL; B), systolic blood pressure (C), and diastolic
blood pressure (D). Quality improvement strategies with one trial are not based
on meta-analysis (we present the individual trial result).
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32-8%, and the median proportion of patients receiving
foot screening was 47-0% at baseline. Our secondary
meta-analysis showed that the effectiveness of
QI strategies varied depending on baseline glycaemic
control. For example, we noted that team changes, case
management, patients’ education, and promotion of self-
management were the most effective strategies in trials
that enrolled patients with mean baseline HbA, concen-
trations greater than 8-0%. We noted similar results in
our meta-regression analysis when we sequentially
omitted each QI strategy, with the most effective strategies
being team changes, case management, and promotion
of selfmanagement. By contrast, the most effective
strategies in trials that included patients with mean
baseline HbA, concentrations of 8:0% or less were
facilitated relay, team changes, patients’ reminders, and
electronic register of patients.

Our findings suggest that QI strategies that intervened
upon the entire system of chronic disease management
were associated with the largest effects irrespective of
baseline HbA,. The effectiveness of interventions

Number Mean difference P
oftrials  (95% Cl)
Glycated haemoglobin (%)
<80 46 -023(034t0-013)  69-8
280 70 -0-46 (-0-58t0-0-35) 725
LDL cholesterol (mg/dL)
<259 20 -0-05(-0-09to-0-01) 575
2259 27 -0-15(-0-23t0-0-08)  53-0
Systolic blood pressure (mm Hg)
<140 32 -2.92 (-4-13t0-170)  72:0
=140 33 -3-35(-4-69t0-2-00) 383
Diastolic blood pressure (mm Hg)
<80 29 -113(-1.98t0-0-29) 533
>80 32 -1.76 (-2:47t0-1-05) 710
Table 3: Effects of quality improvement interventions by baseline levels

targeting health professionals and patients seemed to
vary with baseline HbA,. For example, clinicians’
education and audit and feedback led to an HDbA,
reduction of 0-33% and 0-44%, respectively, when
baseline HbA, concentrations were greater than 8-0%,
but no improvement when baseline HbA, was less than
8.0%. Patients’ education seemed more effective than
reminders when baseline HbA, was greater than 8-0%
but less effective when the HbA, was less than 8-0%.
These findings suggest that QI strategies that aim to
optimise the systems of care should (whenever feasible)
be included in programmes to improve diabetes
management, irrespective of HDbA,. Interventions
targeting patients might be beneficial irrespective of
baseline HbA,, whereas interventions targeting pro-
viders only seem beneficial when baseline HbA, is
greater than 8-0%.

Our systematic review has some limitations. We were
unable to include 15 trials published in languages other
than English, although we did contact authors for English
translations. Limitations of our data analysis include the
complexity of the QI strategies, which were difficult to
classify consistently, and we could not control for all
potential confounding factors. We were unable to assess
interactions in the meta-regression analysis (because too
few trials per outcome were included), many of the
analyses had substantial heterogeneity (which is to be
expected in view of the large number of trials included
and number of QI strategies assessed), and the definition
of usual care was not consistent across the studies. Most
trials reported HbA, concentrations, with fewer reporting
other key aspects of diabetes management, showing that
glycaemic control remains (rightly or wrongly) the major
focus for management of diabetes. As a result, we were
unable to undertake meta-regression for other outcomes.
We cannot tell whether the interventions that seemed
more effective for HbA, would have similar effects on
other key endpoints, although our preliminary analysis
suggests some consistency across outcomes. The data on

All studies Glycated haemoglobin >8-0% Glycated haemoglobin <8-0%
Rank Number Mean difference Rank Number Mean difference Rank Number Mean difference
oftrials  (95% Cl) oftrials  (95% Cl) oftrials  (95% Cl)
Promotion of self management 1 60 -0-57 (-0-83t0-0-31) 4 37 -0-56 (-0-70 to -0-42) 6 23 -0-29 (-0-47t0-0-12)
Team changes 2 47 -0-57 (-0-71t0-0-42) 1 31 -0-62 (-0-79 to -0-46) 2 17 -0-46 (-0-71t0-0-21)
Case management 3 57 -0-50 (-0-65 to -0-36) 2 37 -0-61 (-0-80 to -0-42) 7 17 -0-25 (-0-44 to -0-07)
Patient education 4 52 -0-48 (-0-61t0-0-34) 3 39 -0-59 (-0-74 to -0-43) 5 13 -0-39 (-0-71t0-0-06)
Facilitated relay 5 32 -0-46 (-0-60t0-033) 6 19 -0-42(-056t0-029) 1 13 -0-54 (-0-79 0 -0-30)
Electronic patient register 6 27 -0-42 (-0-61t0-0-24) 5 9 -0-47 (-0-79 to -0-14) 4 18 -0-41(-0-60t0-0-22)
Patient reminders 7 -039(-0-65t0-0-12) 8 10 -039(-0-77t0-0-00) 3 11 -0-42 (070 to -0-15)
Audit and feedback 8 8 -026 (-0-44t0-0-08) 7 5 -0-40 (-077t0-0-03) 9 3 -0-06 (-0-16 to 0-06)
Clinician education 9 15 -019 (-035t00-03) 10 10 -0-33(-0-57t0-0-10) 10 0-03 (-0-18 to 0-25)
Clinician reminders 10 18 -0-16 (-0-31t0-0-02) 9 9 -0-35 (-0-56 to -0-13) 8 -0-06 (-0-15 to 0-04)
Allinterventions 120 -0-37 (~0-45 t0-0-28) 70 ~0-46 (-0-58 t0-0-35) 46 -0-23 (-0-34t0 -0-13)
Table 4: Ranking of quality improvement strategies across glycated haemoglobin primary and secondary meta-analyses
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Number Mean difference Post-intervention reduction in HbA,_ (%)

of trials (95% Cl)
Team changes 47 0-52 (0-00 to 1-04) — o—»
Facilitated relay 31 0-49 (0-02 to 0-96) —_—————
Promotion of self-management 57 0-45 (0-04 to 0-87) —————
Case management 52 0-41 (0-00 to 0-82) —e———
Patient education 52 0-40 (0-00 to 0-80) e
Electronic patient register 28 0-39 (0-00t0 0-78) —e———
Clinician reminders 16 0-35 (0-00 to 0-70) e S
Patient reminders 20 0-31(0-00t0 0-62) ———
Audit and feedback 9 0-22 (0-00 to 0-44) —eo—
Clinician education 12 0-16 (0-01to 0-33) ——
All interventions 117 0-33 (0-01to 0-65) — ——

fO-ISO 0 O-ISO 1-(‘)0
Favours control  Favours intervention

Figure 3: Glycated haemoglobin meta-regression results
We derived estimates from a meta-regression model, adjusting for median baseline glycated haemoglobin values
(<8:0% vs 28-0%) and the median number of patients included in the randomised clinical trials (<141 patients vs

>141 patients).
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adverse events should be interpreted with caution, since
few trials reported safety data and those trials might
differ systematically from trials that did not report safety
data with respect to adverse events. Furthermore, trials
reporting this data followed up patients for only a short
duration (longest duration of follow-up was 12 months)
and included a small number of patients. Most studies
had short intervention durations and brief follow-up,
meaning that we were unable to assess longer-term
outcomes, such as mortality.

Our findings suggest that key aspects and intermediate
outcomes of diabetes care can be improved and that a
larger effect is evident when baseline achievement of
quality indicators is poor. If implemented widely, the
population benefits of the observed effects are potentially
important. For example, data from the United Kingdom
Prospective Diabetes Study (UKPDS) suggested that a
1% reduction in mean HbA, results in 21% fewer deaths,
14% fewer myocardial infarctions, and a 37% decrease in
microvascular complications at the population level.
We recorded a 0-33% reduction in mean HbA,, which,
if the QI strategies are employed, might translate to 7%
fewer deaths, 5% fewer myocardial infarctions, and 12%
fewer microvascular complications at the population
level. It is plausible that further population-level
improvements in these outcomes could be achieved
through improved vascular risk-factor management
(eg, better blood pressure and lipid control). Larger
population benefits would probably accrue in popu-
lations with poor-quality indicators.

The large I2 values from our meta-analysis results
suggest that some of the QI interventions might be more
effective than others. Detailed descriptions of the QI
strategies were lacking in many of the trial reports and
optimum combinations of the QI strategies, as well as
ways of implementing and delivering the QI interventions,
remain unclear. As such, although our report provides
information on the relative effectiveness of the different
QI strategies, how best to deliver the most effective QI

strategies remains uncertain. This information is crucial,
since it will allow policy makers to tailor the choice of
intervention to the desired outcome, available resources,
and local health-care context. Since the strategies seem
more effective in patients not achieving quality indicators,
careful selection of patients who will benefit most from
these QI strategies needs consideration by decision
makers. Moreover, since several strategies were marginally
beneficial relative to other strategies, and the resource
intensity of the different strategies varied significantly
(probably being highest for case management and team
changes), further exploration of the relative cost-
effectiveness of these QI strategies is needed. Decision
makers might also consider how they value the expected
benefits before widely implementing such QI strategies.
Future assessments should explicitly build on the
present evidence base by targeting a broad range of
important diabetes process and outcome measures and
carefully assessing the role of context. The QI strategy
should be carefully tailored (eg, intervention mapping®)
and the interventions should be thoroughly described.”
Stakeholders should prioritise testing different QI
strategies head-to-head in adequately powered, multi-
group trials and assess explicitly postulated mechanisms
of action of the interventions (ie, process assessments) to
inform generalisation to different settings. Further
research is needed to identify which interventions and
combination of QI strategies will optimally improve
important outcomes in patients with diabetes at an
acceptable cost to aid health-system planning.
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