
Despite well-established recommendations
for diabetes care,1−3 quality of care still
needs to be im proved. Although many

nonpharmacologic strategies (patient education,
psychological intervention, dietary education,
self-monitoring and telemedicine) have been
developed, their effect iveness is still unclear.4−6

“Disease management” is a structured, multi -
faceted intervention that includes several of the
above- mentioned components. In two recent
meta- analyses, disease management was associ-
ated with an im provement in glycemic control, as
assessed by a mean reduction in hemoglobin A1C

concentration of 0.52% and 0.81%.7,8 Disease
management seems to be more effective than sin-
gle strategies such as clinician education, patient
education or promotion of self-management.7

Because disease-management programs are
heterogeneous, the effective components need to
be identified to improve program implementation.

Previous studies have evaluated the efficacy of
some program components.7,8 Independent med-
ication changes by the disease manager appear to
be particularly effective.7 How ever, other impor-
tant factors such as the intensity of the interven-
tion have not been previously evaluated.
We conducted a meta-analysis of randomized

controlled trials (RCTs) involving adults with
type 1 or 2 diabetes mellitus that evaluated the
effect of disease-management programs on
hemoglobin A1C levels. We determined the effec-
tive components of the programs, considering
both the type of component and the intensity of
the intervention.

Methods

Definition of disease management
There is no consensual definition of disease
management. According to the Care Continuum
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Background: We conducted a meta-analysis of
randomized controlled trials to assess the ef -
fectiveness of disease- management programs
for improving glycemic control in adults with
diabetes mellitus and to study which com pon -
ents of programs are associated with their
effectiveness.

Methods: We searched several databases for
studies published up to December 2009. We
included randomized controlled trials involving
adults with type 1 or 2 diabetes that evaluated
the effect of disease-management programs
on glycated hemoglobin (hemoglobin A1C) con-
centrations. We performed a meta-regression
analysis to determine the effective components
of the  programs.

Results: We included 41 randomized controlled
trials in our review. Across these trials, disease-
management programs resulted in a significant
reduction in hemoglobin A1C levels (pooled
standardized mean difference between inter-
vention and control groups −0.38 [95% confi-
dence interval −0.47 to −0.29], which corre-
sponds to an absolute mean difference of

0.51%). The finding was robust in the sensitivity
analyses based on quality assessment. Programs
in which the disease manager was able to start
or modify treatment with or without prior ap -
proval from the primary care physician re sulted
in a greater improvement in hemoglobin A1C

levels (standardized mean difference −0.60
v. −0.28 in trials with no approval to do so;
p < 0.001). Programs with a moderate or high
frequency of contact reported a significant
reduction in hemoglobin A1C levels compared
with usual care; nevertheless, only programs
with a high frequency of contact led to a signif-
icantly greater reduction compared with low-
 frequency contact programs (standardized
mean difference −0.56 v. −0.30, p = 0.03).

Interpretation: Disease-management programs
had a clin ically moderate but significant
impact on hemoglobin A1C levels among adults
with diabetes. Effective components of pro-
grams were a high frequency of patient con-
tact and the ability for disease managers to
adjust treatment with or without prior physi-
cian approval.
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Alliance (formerly the Disease Management
Association of America), disease management
“supports the physician or practitioner/patient
relationship and plan of care; emphasizes pre-
vention of exacerbations and complications uti-
lizing evidence-based practice guidelines and
patient empowerment strategies; and evaluates
clinical, humanistic, and economic outcomes on
an on-going basis with the goal of improving
overall health”  (www .carecontinuum .org /dm
_definition .asp). To identify relevant studies for
our meta-analysis, we adopted an operational
definition based on the above definition, litera-
ture review and expert opinion. 
We defined disease management as ongoing

and proactive follow-up of patients that includes
at least two of the following five components:
patient education (dietary and exercise coun-
selling, self-monitoring, and knowledge of dis-
ease and medication); coaching (the disease
manager encourages the patient to overcome
psychological or social barriers that impede
autonomy or im provement in medication com-
pliance); treatment adjustment (the disease man-
ager is able to start or modify treatment with or
without prior approval from the primary care
physician); monitoring (the disease manager gets
medical data from the patient); and care coordi-
nation (the disease manager reminds the patient
about upcoming appointments or important
aspects of self-care and informs the primary care
physician about complications, treatment adjust-
ment or therapeutic recommendations).

Literature search
We searched the following computerized data-
bases: MEDLINE (1966 to December 2009), Sco-
pus (1960 to December 2009), Web of Science
(1975 to December 2009) and the Cochrane
Library (1993 to 2009 [issue 4]) The complete
MEDLINE search strategy is presented in Appen-
dix 1 (available at www .cmaj .ca /cgi /content /full
/cmaj .091786 /DC1). In an attempt to minimize the
omission of potentially relevant trials, we also
searched the reference lists of included studies. We
used the terms “patient care team,” “disease man-
agement,” “case management,” “managed care
programs,” “home-based intervention” and “patient
care management” to cover the inconsistency in the
definition of disease management; we also used the
terms “diabetes mellitus,” “HbA1C” and “glycated
hemoglobin.” 
Two of us (C.P. and C.H.) first reviewed the

titles and abstracts of identified articles and then
examined the full-text version of selected articles
further to assess relevance to the research topic.
Only RCTs were included, because this study
design supports maximum validity and causal

inference.9 The search was limited to English-
 language publications. We restricted inclusion to
studies that reported hemoglobin A1C levels, which
is an index of the mean blood glucose concentra-
tion of the preceding 8–12 weeks.10 In addition to
our operational definition of disease management,
we defined the following inclusion criteria: the
study had to involve adults with type 1 or 2 dia-
betes; it had to report both pre- and postinterven-
tion hemoglobin A1C levels; and postintervention
hemoglobin A1C levels had to be assessed after at
least 12 weeks of follow-up.
We excluded trials in which the intervention

did not in volve direct contact between the dis-
ease manager and the patient or was unclear,
unspecified or exclusively based on contact by
Internet or mail.

Data extraction
Two of us (C.P. and C.H.) evaluated each study
separately and extracted data. To assess outcome,
hemoglobin A1C levels before and after the inter-
vention were extracted. In the event of several
postintervention values, only the first one was
considered. Other data extracted were as follows:
characteristics of the participants (percentage of
women, mean age), sample size, number of
dropouts, intervention mode (one-to-one session,
phone contact or both), type of program compo-
nents (patient education, psychological coaching,
monitoring, feedback of initial evaluation to pri-
mary care physician, treatment adjustment),
length of intervention, frequency of contact, in -
terval between pre- and post intervention hemo-
globin A1C assessments, and adverse events (hypo-
glycemic episodes, hospital admission and death). 
Frequency of contact was estimated on the

basis of the reported intervention protocol and,
when available, the results. We classified the fre-
quency into three levels: low (less than one con-
tact monthly per patient), moderate (one contact
monthly per patient) and high (several contacts
monthly per patient). In the event of discrepancies
in the classification of contact frequency, data
were reviewed by another one of us (M.L.G.), and
a consensus was reached.
When data were missing, the original authors

of the article were contacted by email.

Statistical analysis
To account for differences in baseline hemoglo-
bin A1C levels between the studies, we calculated
the mean difference between pre- and postinter-
vention hemoglobin A1C levels for the interven-
tion and control groups, and the standard devia-
tion (SD) of each difference. Thus, our outcome
corresponds to the improvement in glycemic
control in the intervention group between base-
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line and postintervention hemoglobin A1C levels
compared with the control group. We used the
imputation method according to baseline values
for missing SDs (we imputed missing SDs ac -
cording to the pre- intervention values). Owing to
significant heterogeneity, we used a random-
effects model to calculate the pooled standard-
ized mean difference in hemoglobin A1C levels
between the intervention and control groups,
along with the 95% confidence interval (CI).11

Heterogeneity was quantified by using I2 and τ2
(study variance) values.12,13

We used meta- regression analysis to deter -
mine what part of between-study variance was
explained by patient characteristics (mean
hemoglobin A1C level, age, sex) and compo-
nents of the disease- management programs
(length of intervention, treatment adjustment,
mode of patient education, frequency of con-
tact, feedback of initial evaluation to primary
care physician, and mode of intervention).
Results are expressed as standardized mean
changes in the hemoglobin A1C level. Explained
heterogeneity was ex pres sed as a percentage
change of τ2 (between-study  variance). 
Because quality assessment in meta-analysis

is controversial,14 we performed three sensitivity
analyses based on key components of internal
validity to test the robustness of our results.15 In
the first sensitivity analysis, we ex cluded trials
that had a dropout rate of 20% or more and trials
without dropout information. In the second
analysis, we excluded trials in which the differ-
ence in dropout rates between study groups was
7% or more (highest quintile) and trials without
dropout information. In the third analysis, we
excluded trials with unclear information about
allocation concealment.16

For all analyses, a p value of 0.05 or less was
considered to be statistically significant.

Results

Study characteristics
The selection of studies for our review is sum-
marized in Figure 1.17 The initial search strategy
identified 2148 citations, and 135 full-text arti-
cles were reviewed. Forty-four studies met our
inclusion criteria. Three studies were excluded
because of missing data on hemoglobin A1C

 levels at baseline, even after contacting the
authors.18−20 Thus, we included 41 RCTs pub-
lished between 1990 and 2009 that enrolled a
total of 7013 adults with type 1 or 2 diabetes.21–61

The main features of the 41 RCTs are shown
in Table 1 (at the end of the article). Twenty-six
trials were conducted in the United States, five in
Canada, three in Europe and seven in Asia. Sam-

ple sizes ranged from 31 to 1665. The length of
the intervention ranged from 1.5 to 48 months. In
most trials, the length of intervention and the
length of follow-up were similar, with only five
trials reporting a few months’ difference between
the end of the intervention and hemoglobin A1C

assessment.21,23,29,39,49 Most of the studies (29 trials)
focused solely on type 2 diabetes, 9 included
patients with either type 1 or 2 diabetes, and 3 tri-
als focused on type 1 diabetes. The mean age of
the participants was 57.6 years (SD 7.3); 46.0%
were men. The mean hemoglobin A1C concentra-
tion at baseline was 8.5% (SD 1.4%).

Effect of intervention on glycemic control
The impact of the disease-management programs
on changes in hemoglobin A1C concentrations in
the intervention and control groups is presented in
Figure 2. In the random-effects model, the pooled
standardized mean difference in levels between the
intervention and control groups was −0.38 (95%
CI −0.47 to −0.29; p < 0.001), favouring disease
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Potential trials identified 
through literature search 

n = 2148 
• MEDLINE  n = 1891 
• Cochrane Library  n = 146 
• Scopus  n = 88 
• Web of Science  n = 15 
• Manual search  n = 8 

Trials included in meta-analysis 
n = 41 

Excluded  n = 2013 
• Duplicate publication  n = 235 
• Not a disease-management 

program  n = 473 
• Not an RCT  n = 1305 

Excluded  n = 91 
• Not a disease-management program / 

unclear intervention  n = 47 
• Not an RCT  n = 23 
• Hemoglobin A1C concentration not outcome 

measure  n = 16 
• Article not in English  n = 2 
• Other publication from same trial  n = 3 

Excluded  n = 3  
• Data missing 

Trials potentially eligible  
for meta-analysis 

n = 44 

Full-text reports retrieved 
for detailed evaluation 

n = 135 

Figure 1: Selection of randomized controlled trials (RCTs) for the meta-analysis.



management over usual care. This standardized
mean difference corresponds to an absolute mean
difference in hemoglobin A1C levels of 0.51%
between the intervention and control groups. None
of the studies reported a significant change in
hemoglobin A1C in favour of usual care. There was
significant heterogeneity among the trials regard-
ing changes in hemoglobin A1C (I2 = 66%).62

Meta-regression and subgroup analyses
Results of univariable meta-regression analyses,
stratified by patient characteristics and compo-
nents of the disease- management programs, are
shown in Table 2. Of the patient characteristics
analyzed, age and sex were not associated with
between-group differences in hemoglobin A1C

outcomes. The reduction in hemoglobin A1C lev-
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Mean change in HbA1c, % 

Study Intervention Control 

Standardized mean 
difference between 

groups (95% CI) 

Ahring et al.22 –1.4 –1.0 –0.17 (–0.81 to 0.47) 

Choe et al.44 –2.1 –0.9 –0.52 (–1.02 to –0.02) 

Dale et al.58 –0.9 –0.8 –0.07 (–0.46 to 0.32) 

Doucette et al.59 –0.3  0.1 –0.27 (–0.76 to 0.21) 

Estey et al.21 –0.7 –0.3 –0.49 (–1.03 to 0.06) 

Farmer et al.45 –0.6 –0.4 –0.16 (–0.60 to 0.28) 

Franz et al.23 –1.1 –0.8 –0.20 (–0.49 to 0.09) 

Fukuda et al.26  –0.2 –0.2   0.00 (–0.55 to 0.55) 

Gabbay et al.50 –0.1  0.0 –0.03 (–0.25 to 0.18) 

Gaede et al.27 –0.8  0.2 –0.57 (–0.89 to –0.24) 

Gary et al.38 –1.0 –0.2 –0.79 (–1.28 to –0.30) 

Goudswaard et al.39 –1.0 –0.4 –0.47 (–1.01 to 0.07) 

Hiss et al.32 –0.3 –0.2 –0.08 (–0.32 to 0.16) 

Hiss et al.54 –0.4 –0.2 –0.14 (–0.44 to 0.17) 

Jaber et al.25 –2.2 –0.1 –0.73 (–1.38 to –0.07) 

CMD Study40 –1.9 –1.2 –0.50 (–0.72 to –0.27) 

Kim et al.60 –1.3 –0.4 –0.66 (–1.11 to –0.21) 

Ko et al.41 –0.5 –0.2 –0.24 (–0.53 to 0.06) 

Ko et al.55 –1.5 –0.5 –0.80 (–1.03 to –0.57) 

Krein et al.42 0.0 0.0   0.00 (–0.27 to 0.27) 

Litaker et al.34 –0.6 –0.1 –0.39 (–0.71 to –0.07) 

McMahon et al.47 –1.6 –1.2 –0.28 (–0.71 to 0.14) 

Montori et al.43 –1.3 –0.6 –0.59 (–1.35 to 0.17) 

Ménard et al.46 –1.6 –0.7 –0.71 (–1.20 to –0.22) 

Oh et al.35 –1.2  0.6 –1.26 (–1.96 to –0.56) 

Piette et al.33 –0.6 –0.3 –0.30 (–0.57 to –0.03) 

Piette et al.31 –0.1  0.1 –0.13 (–0.37 to 0.11) 

Polonsky et al.36 –2.3 –1.7 –0.30 (–0.66 to 0.07) 

Ridgeway et al.28 –0.8 –0.7 –0.04 (–0.67 to 0.60) 

Rothman et al.48 –2.5 –1.6 –0.45 (–0.73 to –0.16) 

Sadur et al.29 –1.2 –0.3 –0.69 (–1.01 to –0.37) 

Samuel-Hodge et al.61 –0.3 –0.2 –0.08 (–0.39 to 0.22) 

Scott et al.51 –1.7 –0.7 –0.99 (–1.36 to –0.63) 

Shea et al.52 –0.4 –0.2 –0.13 (–0.23 to 0.04) 

Shibayama et al.53 –0.1 0.0 –0.08 (–0.26 to 0.42) 

Sun et al.57 –0.8 –0.1 –0.54 (–0.89 to –0.19) 

Taylor et al.37 –1.1 –0.3 –0.66 (–1.02 to –0.30) 

Taylor et al.49 –0.3  0.7 –0.70 (–1.35 to –0.05) 

Thompson et al.30 –1.8 –0.5 –0.98 (–1.59 to –0.37) 

Wattana et al.56 –0.7 –0.1 –0.50 (–0.83 to –0.17) 

Weinberger et al.24 –0.2  0.4 –0.30 (–0.59 to –0.01) 

    
Overall (I2 = 66%) –0.62  –0.25  –0.38 (–0.47 to –0.29) 

–2   0     1 

Favours disease 
management

Favours usual
care 

Standardized mean difference (95% CI) 

Figure 2: Estimated differences in hemoglobin A1C level before and after intervention of disease management for improved glycemic control
in adults with type 1 or 2 diabetes mellitus. Standardized mean differences between intervention and control groups of less than zero indi-
cate an effect in favour of disease-management programs. CI = confidence interval, CMD study = California Medi-Cal Type 2 Diabetes Study.



els was significantly greater among patients with
a baseline hemoglobin A1C level of 8.0% or
higher (standardized mean difference −0.45)
than among those with a baseline level of less
than 8.0% (standardized mean difference −0.14)
(p = 0.003). About 33% of the variance between
trials could be explained by mean hemoglobin
A1C values at  baseline.
Two components of the disease-management

programs led to greater improvements in gly -
cemic control (Table 2). First, programs in which
the disease manager was able to start or modify

treatment with or without prior approval from the
primary care physician resulted in a significantly
greater reduction in hemoglobin A1C levels (stan-
dardized mean difference −0.60 v. −0.28 in trials
with no approval to do so; p < 0.001). Second,
among the 36 trials that reported sufficient infor-
mation to allow classification of the frequency of
patient contact (Table 1), programs with a moder-
ate or high frequency of contact (28 trials) re -
ported a significant reduction in hemoglobin A1C

levels compared with usual care (standardized
mean difference −0.56 for high frequency and
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Table 2: Effect of patient characteristics and components of disease-management programs on changes in hemoglobin A1c 
concentration 

Variable 
No. of 
studies 

Standardized mean 
difference in change of 

hemoglobin A1c between 
intervention and control 

groups (95% CI) 

p value for 
difference 
in effect* 

Heterogeneity,† 
I2 (95% CI), % 

Variance 
between studies 

explained by 
variable, % 

Patient characteristic           

Mean HbA1C level at baseline 40‡       32.7 

< 8.0% 11 –0.14 (–0.25 to –0.05)   25   (0 to 63) 

≥ 8.0% 29 –0.45 (–0.56 to –0.34) 0.003 59 (38 to 73) 

  

Age 36‡ 0.01 (–0.01 to 0.02) 0.23   22.2 

Sex 39‡ 0.00 (–0.01 to 0.01) 0.30   4.6 

Component of disease-management 
program 

         

Treatment adjustment  41      39.2 

 No (ref) 28 –0.28 (–0.37 to –0.18)  60 (39 to 73)  

 Yes 13 –0.60 (–0.73 to –0.47) < 0.001 28   (0 to 63)  

Patient education 39‡    31.9 

 Individual (ref) 31 –0.32 (–0.41 to –0.23)   54 (31 to 69)  

 Group + individual 8 –0.48 (–0.68 to –0.28) 0.11 65 (25 to 84)   

Intervention mode 41       10.7 

 Phone (ref) 10 –0.27 (–0.42 to –0.12)   53   (5 to 77)   

 Face to face + phone  18 –0.47 (–0.63 to –0.32) 0.12 71 (54 to 82)   

 Face to face 13 –0.30 (–0.43 to –0.16) 0.90 39   (0 to 68)   

Length of intervention, mo 41       7.5 

 < 12 (ref) 19 –0.48 (–0.63 to –0.33)   53 (21 to 72)  

  ≥ 12 22 –0.31 (–0.42 to –0.20) 0.08 69 (52 to 80)  

Frequency of contact 36‡       6.1 

 Low (ref)   8 –0.30 (–0.54 to 0.06)   80 (62 to 90)   

 Moderate 12 –0.24 (–0.37 to –0.12) 0.73 33   (0 to 66)   

 High 16 –0.56 (–0.72 to –0.40) 0.033 52 (14 to 73)   

Feedback of initial evaluation to 
primary care physician 

41       3.4 

 Yes (ref) 21 –0.33 (–0.44 to –0.22)   67 (49 to 79)   

 No 20 –0.44 (–0.59 to –0.29) 0.26 58 (31 to 74)   

Note: CI = confidence interval, ref = reference group. 
*p values refer to meta-regression analysis. For each variable, the p value compares the effect of each category compared with the reference category. 
†Values of < 50% represent a low level of heterogeneity, ≥ 50% to < 75% a moderate level of heterogeneity and ≥ 75% a high level of heterogeneity. 
‡Number of trials does not total 41 because trials with missing data for the variable specified were excluded. 



−0.24 for moderate frequency). Nevertheless,
only programs with a high frequency of contact
led to a significantly greater reduction in hemo-
globin A1C levels compared with programs with a
low frequency of contact (standardized mean dif-
ference –0.56 v. –0.30, p = 0.03).
In the random-effects subgroup analyses, none

of the other program components modified the
effectiveness of the intervention on hemoglobin
A1C levels. Two components explained a large part
of the variance between trials: 31.9% was ex -
plained by mode of education and 39.2% by treat-
ment adjustment. Trials in which the disease man-
ager was able to start or modify treatment with or
without prior approval of the physician, trials with
face-to-face sessions and trials with a moderate
frequency of patient contact each showed a low
level of heterogeneity (I2 < 50%).

Sensitivity analyses
Our primary findings did not change after we
excluded trials with dropout rates of 20% or
more and trials without dropout information
(Table 3). The same was true after we excluded
trials with a between-group difference in dropout
rates of 7% or more and trials without dropout
information, and after we excluded trials with
unclear allocation concealment (Table 3).

Adverse events
Hypoglycemic episodes were not systematically
assessed. Only 9 of the 41 studies reported this
information separately for intervention and con-
trol groups, but with varied definitions of hypo-
glycemic episodes.22,25,27,31,40,43,45−47 No difference in
hypoglycemic episodes between study groups
was reported in six of the nine trials. In two of the
three trials that reported a difference, the adverse
event occurred more frequently in the control
groups than in the intervention groups.31,45 Twenty
studies reported deaths over the follow-up period;
no overall difference in mortality between groups
was found (p = 0.18). Hospital admissions were
not clearly or systematically reported.

Interpretation

Our meta-analysis suggests that disease-manage-
ment programs have a favourable effect on im -
proving glycemic control, with a pooled stan-
dardized mean reduction of 0.38 (corresponding
to a pooled absolute mean reduction of 0.51%) in
hemoglobin A1C levels compared with usual care.
This finding was robust in sensitivity analyses
based on quality assessment. The United King-
dom Prospective Diabetes Study showed that
each 1% reduction in hemoglobin A1C level was
associated with a 37% decrease in the risk of
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Table 3: Components of quality assessment that were considered for the 
sensitivity analyses 

Study 
Dropout 
rate, % 

Difference in 
dropout rates 
between study 

groups, % 
Allocation 

concealment 

Estey et al.21  11.7 NA B 

Ahring et al.22   9.5   2.1 B 

Franz et al.23 27.5 NA B 

Weinberger et al.24   8.7   3.4 B 

Jaber et al.25 13.3 26.1 B 

Fukuda et al.26   3.8   3.0 B 

Gaede et al.27   6.9   3.7 A 

Ridgeway et al.28 32.1   7.1 B 

Sadur et al.29 15.7   4.4 B 

Thompson et al.30 0 0 A 

Piette et al.31 11.4   3.8 A 

Hiss et al.32 27.4   3.7 B 

Piette et al.33   6.2   5.5 A 

Litaker et al.34 NA NA B 

Oh et al.35 24.0   8.0 B 

Polonsky et al.36 39.8 13.5 B 

Taylor et al37 24.8   5.0 B 

Gary et al.38 23.9   1.0 A 

Goudswaard  
et al.39 

13.8   1.0 A 

CMD Study40 12.4   7.0 A 

Ko et al.41   1.1   2.2 B 

Krein et al.42 15.0   2.3 B 

Montori et al.43   9.7   7.1 A 

Choe et al.44 18.7 13.4 B 

Farmer et al.45 12.9   8.9 A 

Ménard et al.46    4.2   2.8 A 

McMahon et al.47 19.2   7.7 A 

Rothman et al.48 10.6   2.1 A 

Taylor et al.49   2.5     0.05 B 

Gabbay et al.50 NA NA B 

Scott et al.51 12.1 12.8 B 

Shea et al.52 14.9   4.4 B 

Shibayama et al.53 10.4   3.0 B 

Hiss et al.54 16.7   3.9 B 

Ko et al.55 29.5   5.2 A 

Wattana et al.56   6.4   2.6 B 

Sun et al.57   2.7   0.0 B 

Dale et al.58 12.8   4.6 A 

Doucette et al.59 15.4   2.8 B 

Kim et al.60   4.8   2.3 B 

Samuel-Hodge  
et al.61 

15.4   4.2 A 

Note: A = adequate, B = unclear, CMD Study = California Medi-Cal Type 2 Diabetes Study,  
NA = not available. 



microvascular complications and a 21% decrease
in the risk of death related to diabetes, with no
evidence of a threshold.63 Therefore, the absolute
reduction of 0.51% in hemoglobin A1C level in
our study appears to be clinically significant.
Moreover, this finding is probably largely under-
estimated, because the usual care provided in
control groups in RCTs is often better than that
provided in clinical practice. Indeed, there was a
significant standardized mean reduction in hemo-
globin A1C levels of −0.25 in the control groups,
which corresponds to an absolute mean reduction
of 0.40%. Some studies included in our meta-
analysis permitted patients in the control group to
contact the medical team or be contacted by them
during follow-up in addition to usual care.23,43,55

Also, patients received structured individual edu-
cation before randomization in some trials.21,23

Our findings suggest that disease- management
programs are more effective for patients who have
poor glycemic control (mean hemoglobin A1C

≥ 8.0% at baseline) than for those with better
glycemic control. This is concordant with results
among patients starting insulin therapy.64 Thus, dis-
ease management could be particularly effective if
targeted at patients with nonstabilized  diabetes.
Moreover, such patients have a higher risk of com-
plications and so would probably derive greater
long-term benefit from disease  management.
We found that the ability of disease managers

to start or modify medical treatment was an
effective feature of disease- management pro-
grams. This confirms the findings of Shojania
and colleagues, who evaluated the ability to
adjust treatment without prior physician agree-
ment.7 However, we found that the ability to
adjust treatment was an effective feature both
with and without prior physician agreement,
which is more relevant for physicians, nurses
and pharmacists in clinical practice. This has
important implications, because nonadherence
to medical treatment is a significant predictor
of all-cause mortality and hospital admission
among patients with  diabetes.65

Despite its relevance for clinicians and policy-
makers, the intensity of disease-management pro-
grams has not been investigated in previous
reviews. Program intensity depends on the fre-
quency of patient contacts, their duration and the
length of the program. Because the duration of
contact was not reported in most of the studies in -
cluded in our review, we were not able to explore
it. However, we explored frequency of contact
and length of intervention. We did not find any
significant difference associated with length of
intervention, despite a nonsignificant improve-
ment observed with shorter interventions. Fre-
quency of contact proved to be a key feature of

the effectiveness of disease-management pro-
grams. There was substantial discrepancy in fre-
quency across trials, ranging from “counseling by
telephone every week if necessary”22 to “at least
five visits by the nurse within a study period of
one year.”41 For our analysis, frequency of con-
tact was estimated on the basis of the intervention
protocol reported and, when available, the results.
Although the reported intervention protocol prob-
ably overestimated the real frequency of contact,
frequency was evaluated on the basis of results in
12 studies and was consequently found to be an
effective measure. Our findings are consistent
with those from a recent large controlled trial,
although it showed a nonsignificant trend toward
better glycemic control with more intensive inter-
vention.20 The greater effectiveness associated
with a high frequency of patient contact suggests
that only disease- management programs with
intensive interventions should be implement ed,
perhaps by targeting patients at high risk of dia-
betes complications.
Patient education is the cornerstone of dia-

betes care. An overall beneficial effect of educa-
tion among patients with diabetes has already
been shown in several studies.66,67 We did not
find any difference in effectiveness between in -
dividual education and a combination of individ-
ual and group education. This finding suggests
that a combination of group and individual edu-
cation could be a solution to cope with the lack
of medical providers and the time-consuming
aspect of individual education. Surprisingly, nei-
ther the mode of contact nor feedback of the ini-
tial evaluation to the primary care physician
were discriminatory components. However, we
cannot rule out the possibility of incorrect classi-
fication of feedback as a program component,
because it was taken for granted that such feed-
back would be provided systematically, so this
step was not stipulated formally in the protocol.

Strengths and limitations
The strengths of the study include a comprehen-
sive systematic review of the literature, with a
large number of studies included. We used a
broad search strategy to capture all relevant infor-
mation. Our work confirms the findings of previ-
ous reviews, with a mean difference in hemoglo-
bin A1C level similar to that ob served in previous
studies.7,8,68,69 However, we included only RCTs
and several more recent studies, with thus a larger
sample size. Therefore, our estimate is probably
more precise than that in previous  studies.
Our study has limitations. Our analyses were

based on results from randomized controlled tri-
als, and adjustment was not done at an individual
patient level. By including only studies published
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in English, we may have missed other relevant
studies. The weak description of the intervention
strategy in most studies precluded the analysis of
some potentially relevant components. Notably,
we were unable to study the effect of the degree
of the primary care physician’s involvement in
these programs, which is an essential aspect for
implementation. For some components, such as
frequency of patient contact, we contacted the
authors for more details. However, because some
trials were performed several years ago, no sup-
plementary information was available. Another
limitation was the short follow-up in many of the
trials, even though we excluded trials with less
than 12 weeks of follow-up. Because only five
trials continued for more than 12 months, we
were unable to capture the long-term effects of
disease- management programs. However, out-
comes such as long-term diabetes complications,
especially vascular complications, have not yet
been examined in studies of disease management
for improved diabetes care. In some trials, the
length of the intervention was very short (less
than six months in six trials) and thus may have
been too short to produce any clinical benefits.
We noted heterogeneity in the overall effect

estimate and performed a meta-regression analy-
sis to determine potential sources. The two com-
ponents of disease-management programs that
led to significantly greater improvements in
glycemic control accounted for 6.1% (frequency
of contact) and 39.2% (treatment adjustment) of
the variance between studies. We did not iden-
tify all sources of variance among trials, but a
meta-analysis of summary data from reported
studies has little capacity to do so.
Although a recurrent problem in meta- analyses

is publication bias, application of asymmetry tests
seemed inappropriate owing to the presence of
heterogeneity.70 A previous meta-analysis reported
a larger effect estimate for small studies.7 Because
a higher intensity of intervention appears to be
an important feature underpinning the efficacy of
disease- management programs, this “size trial
effect” could be due to a higher intensity of inter-
vention in small studies. Indeed, of the 16 studies
with a high frequency of patient contact in our
analysis, 11 (69%) were relatively small, with
samples smaller than the median for the studies
included (117 patients). This more intensive inter-
vention in small studies, rather than publication
bias, could explain the greater im provement in
gly cemic  control.

Conclusion
Disease-management programs had a clinically
moderate but significant impact on hemoglobin
A1C levels among adults with diabetes. Effective

components of the programs were a high fre-
quency of patient contact and the ability for dis-
ease managers to adjust treatment with or with-
out prior physician approval. Our findings have
important implications for both the current pol-
icy on the delivery of diabetes care and the direc-
tion of future research. Our work delineates a
general framework with core features for effec-
tive programs for disease management. Priority
should be given to programs with intensive and
proactive follow-up that target patients at high
risk of diabetes complications rather than to pro-
grams with low frequency of contact that target
the overall population of patients with diabetes.
In addition, disease managers should be allowed
to start or modify medical treatment proactively.
More research is needed concerning the long-

term impact of disease-management programs on
glycemic control, microvascular and macro vas -
cular complications, admission to hospital and
mortality. Further research should also determine
whether, in addition to patients with nonstabi-
lized diabetes, other groups of patients with dia-
betes would benefit from disease management.
Lastly, high-quality cost- effectiveness studies of
disease-management programs are needed to
direct care providers and policy-makers in the
allocation of health care resources.
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