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Lay Hoon Goh' ®, Chiew Jiat Rosalind Siah?, Wilson Wai San Tam?, E Shyong Tai® and Doris Yee Ling Young'

Abstract

Background: Mixed evidence exists regarding the effectiveness of the Chronic Care Model (CCM) with patient
outcomes. The aim of this review is to examine the effectiveness of CCM interventions on hemoglobin Alc (HbA, ),
systolic BP (SBP), diastolic BP (DBP), LDL cholesterol and body mass index (BMI) among primary care adults with type 2
diabetes.

Methods: PubMed, Embase, CINAHL, Cochrane Central Registry of Controlled Trials, Scopus and Web of Science were
searched from January 1990 to June 2021 for randomized controlled trials (RCTs) comparing CCM interventions against
usual care among adults with type 2 diabetes mellitus in primary care with HbA,, SBP, DBP, LDL cholesterol and BMI

as outcomes. An abbreviated search was performed from 2021 to April 2022. This study followed the Preferred Report-
ing Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines for data extraction and Cochrane risk of bias
assessment. Two reviewers independently extracted the data. Meta-analysis was performed using Review Manager
software. Heterogeneity was evaluated using x* and > test statistics. Overall effects were evaluated using Z statistic.

Results: A total of 17 studies involving 16485 patients were identified. Most studies had low risks of bias. Meta-analysis
of all 17 studies revealed that CCM interventions significantly decreased HbA, . levels compared to usual care, with a
mean difference (MD) of —0.21%, 95% CI —0.30, —0.13; Z = 5.07, p<0.00001. Larger effects were experienced among
adults with baseline HbA, . >8% (MD —0.36%, 95% Cl —0.51, —0.21; Z=5.05, p<0.00001) and when four or more CCM
elements were present in the interventions (MD —0.25%, 95% Cl —0.35, —0.15; Z = 4.85, p<0.00001). Interventions with
CCM decreased SBP (MD —2.93 mmHg, 95% Cl —4.46, —1.40, Z=3.75, p=0.0002) and DBP (MD —1.35 mmHg, 95% Cl
—2.05, —0.65,Z=13.79, p=0.0002) compared to usual care but there was no impact on LDL cholesterol levels or BMI.

Conclusions: CCM interventions, compared to usual care, improve glycaemic control among adults with type 2 dia-
betes in primary care, with greater reductions when the mean baseline HbA,_is >8% and with interventions contain-
ing four or more CCM elements.
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Background

Chronic diseases are increasing globally and have a sig-
nificant impact on primary health services. Diabetes
in particular is a complex disease that has considerable
complications related to cardiovascular morbidities, thus
leading to a poor quality of life [1, 2]. The global diabetes
prevalence in adults in 2021 was estimated to be 10.5%,
approximately 537 million adults, with the figure rising
to 12.2% at 783 million by 2045 [3]. In that year, diabe-
tes caused 6.7 million deaths and caused at least USD 966
billion dollars in health expenditures, with 9% of total
spending on adults. People with chronic conditions have
multifaceted and complex needs that require continuity,
comprehensiveness and coordination, of which primary
care can play a central role in effective management and
care integration [4]. However, patients often receive inad-
equate care with limited physician engagement in disease
management as well as little coordination and communi-
cation among care providers [5].

Integrated care models are found to be effective in
reducing health care costs and hospitalizations [6-9],
besides enhancing patient satisfaction, increasing per-
ceived quality of care and enabling access to services [10].
The 2022 American Diabetes Association (ADA) Stand-
ards of Medical Care in Diabetes [11] recommended that
the approach to diabetes management in primary care
be aligned with the Chronic Care Model (CCM), which
emphasizes person-centred team care, integrated long-
term treatment approaches to diabetes and comorbidi-
ties, and ongoing collaborative communication and goal
setting between all team members. The CCM centred
in primary care was developed by Wagner in the 1990s
and has been shown to provide the best evidence-based
framework for organizing and optimizing diabetes care
delivery by modifying essential healthcare system ele-
ments to support high-quality patient-centred manage-
ment [12-14]. These six elements are the organization
of the healthcare delivery system, community linkages or
resources, self-management support, decision support,
delivery system design and clinical information systems
and have been used as interventions to show improve-
ment in diabetes care [15-18]. The CCM elements are
described as follows, based on a published description
[19]: Organization of healthcare delivery system refers
to a health system’s business plan to create a quality-
oriented culture of providing safe and high quality care
and reflects its commitment to apply the CCM across the
organization. Features of this element include: (i) pres-
ence of clinician leaders who are dedicated members of
the team and who visibly support improvement at all lev-
els of the organization, beginning with the senior leader,
(ii) promoting effective improvement strategies aimed
at comprehensive system change, (iii) encouraging open
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and systematic handling of errors and quality problems
to improve care, (iv) providing incentives based on qual-
ity of care and (v) developing agreements that facilitate
care coordination within and across organizations.

Community linkage refers to mobilizing or devel-
oping community resources and policies to support
healthy lifestyles and the needs of patients. Community
resources help bolster health systems efforts to keep
chronically ill patients supported, involved and active.
Features of this element include: (i) encouraging patients
to participate in effective community programmes, (ii)
forming partnerships with community organizations
to support and develop interventions that fill gaps in
needed services and (iii) advocating for policies that
improve patient care.

Self-management support refers to empowering and
preparing patients to manage their health care. Patients
are encouraged to set goals, identify barriers and chal-
lenges, and monitor their own conditions. A vari-
ety of tools and resources provide patients with visual
reminders to manage their health. Features of this ele-
ment include: (i) emphasizing the patient’s central role
in managing their health, (ii) using effective self-man-
agement support strategies that include assessment,
goal setting, action planning, problem-solving and
follow-up and (iii) organizing internal and community
resources to provide ongoing self- management support
to patients.

Delivery system design refers to assuring effective,
efficient care and self-management support in care deliv-
ery. Features of this element include: (i) regular, proactive
planned visits which incorporate patient goals to help
individuals maintain optimal health and allow health
systems to better manage their resources, (ii) visits often
employ the skills of several team members with defined
roles and tasks, (iii) using planned interactions to support
evidence-based care, (iv) providing clinical case manage-
ment services for complex patients, (v) ensuring regu-
lar follow-up by the care team and (vi) giving care that
patients understand and that agrees with their cultural
background.

Decision support refers to promoting care consist-
ent with evidence-based, effective care guidelines and
patient preferences. Features of this element include
(i) clinicians have convenient access to the latest evi-
dence-based guidelines for care for each chronic condi-
tion, (ii) continual educational outreach to clinicians to
reinforce utilization of these standards, (iii) embedding
evidence-based guidelines into daily clinical practice,
(iv) sharing evidence-based guidelines and information
with patients to encourage their participation, (v) using
proven provider education methods and (vi) integrating
specialist expertise and primary care.
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Clinical information systems refer to organizing
data to facilitate efficient and effective care. Features
of this element include: (i) health systems that harness
technology to provide clinicians with an inclusive list
(registry) of patients with a given chronic disease. A
registry provides the information necessary to moni-
tor patient health status and reduce complications, (ii)
providing timely reminders for providers and patients,
(iii) identifying relevant subpopulations for proactive
care, (iv) facilitating individual patient care planning,
(v) sharing information with patients and providers to
coordinate care and (vi) monitoring performance of
practice team and care system.

Previous systematic reviews and meta-analyses
showed research gaps and mixed results in evaluat-
ing CCM interventions in patients with type 2 dia-
betes for patient outcomes such as hemoglobin Alc
(HbA,,), systolic blood pressure (SBP), diastolic blood
pressure (DBP), low-density lipoprotein (LDL) choles-
terol and body mass index (BMI). The HbA, measure-
ment remains the primary tool for assessing glycemic
control and risk for diabetes complications and mor-
tality in medical evaluation [20-23]. Previous meta-
analyses of CCM were based on a limited number of
search databases and included non-randomized tri-
als, patients with type 1 diabetes or studies limited to
a continent [24-30]. Evidence from some systematic
reviews showed a mixed impact on patient outcomes
and processes of care [31-34], while other meta-analy-
ses showed improvements in patient outcomes such as
HbA,_ [35-37].

A retrospective cohort study in southern England
using databases [38] showed that the rate of utilization
of primary care services by people with type 2 diabe-
tes increased from 2013 to 2020, but this increase did
not correlate with better outcomes. The World Health
Organization’s Global Diabetes Compact [39], a global
initiative, proposed strengthening primary health care
for accessible diabetes treatment. It is therefore timely to
perform an updated systematic review and meta-analysis
to enhance applicable knowledge for the management of
type 2 diabetes in primary care. Our study will update the
literature search up to 2022 that examined CCM inter-
ventions compared with usual care and controls using
patient outcomes such as HbA,, SBP, DBP, LDL cho-
lesterol level and BMI in patients with type 2 diabetes
receiving primary care.

Methods

This systematic review was conducted according to the
Cochrane Handbook for Systematic Reviews of Inter-
ventions [40] and reported with reference to the Pre-
ferred Reporting Items for Systematic reviews and
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Meta-Analyses (PRISMA) statement [41]. The protocol of
this systematic review was registered in the International
Prospective Register of Systematic Reviews (PROSPERO
CRD42021273959).

Literature search

For this review, a comprehensive search of randomized
controlled trials (RCTs) from January 1990 (around
when CCM was introduced) until 11 June 2021 was
performed. Six databases, PubMed, Embase, CINAHL,
Cochrane, Scopus and Web of Science, were searched. A
two-phase search strategy was used for this review. In the
first phase, an initial search of PubMed was performed
using the following keywords and Medical Subject Head-
ings (MeSH) terms: Diabetes Mellitus, Type 2, Models,
Theoretical, Disease Management, Patient Care Team,
Patient-Centred Care, Patient Care Management, Self
Care, Self Efficacy, Delivery of Health Care, Self-Manage-
ment and Chronic Disease. The search terms used in this
study are shown in Additional file 1. Studies appearing to
fit the eligibility criteria were retrieved. From these, rel-
evant keywords and MeSH terms that were used in these
studies were identified and compiled for a more thorough
search to ensure that relevant studies on the topic were
not missed. Through the studies identified in the first
phase, a list of relevant keywords and MeSH terms was
compiled. This was then used in the second phase, where
the six databases, as identified above, were searched from
January 1990 until June 2021. A manual search was also
performed by searching the reference lists of eligible
papers. An abbreviated search update was performed
(2021 to 28 April 2022) using the PubMed, Embase and
CINAHL databases.

Inclusion criteria

Studies were included if they met the following criteria:
(i) non-pregnant adult patients 18 years old and above
with type 2 diabetes receiving care in primary care; (ii)
interventions that included CCM elements such as the
organization of the healthcare delivery system, commu-
nity linkages or resources, self-management support,
decision support, delivery system design and clinical
information systems; (iii) usual care as control; (iv) post-
intervention HbA, . level as outcomes; and (v) RCTs. For
studies that did not describe the CCM elements within
the interventions, two reviewers, LHG and CJRS, did so
based on the published description of CCM elements as
described [19].

Exclusion criteria

Studies were excluded if they involved (i) children; (ii)
acute diseases, cardiovascular diseases, chronic respira-
tory diseases, human immunodeficiency virus, mental
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health disorders, chronic pain and cancer and (iii) hos-
pital or nursing homes. Usual care refers to standard
of care for patients with type 2 diabetes. Studies that
included additional interventions into their usual care
will be excluded.

Selection of studies

The selection process is reported using a PRISMA flow
diagram [41]. The studies identified were exported to
EndNote X9.3.3, where duplicate records were removed
manually [42]. Two reviewers (LHG and CJRS) inde-
pendently screened the titles and abstracts against the
eligibility criteria and removed irrelevant records. Stud-
ies that appeared to fit the above criteria were retrieved
in full for further assessment by the two reviewers, and
irrelevant records were removed. Publications generated
from the same study were linked together. When pub-
lished information was insufficient to decide whether to
exclude or include the study, the authors of these stud-
ies were contacted to acquire the necessary information.
LHG and CJRS validated the final list of included stud-
ies. A third reviewer (WWST) was consulted if disa-
greements between LHG and CJRS were not resolved
through discussion.

Data extraction

Reviewer LHG extracted and summarized relevant data
of included studies using the standardized data extrac-
tion sheet according to the Cochrane Handbook for
Systematic Reviews of Interventions [43] with details
such as the author’s details, year of publication, coun-
try, study design, setting, participants’ characteristics,
intervention, number and type of CCM elements used,
control, sample size, attrition rate, outcomes and num-
ber included in the analysis. Both primary and second-
ary outcomes were extracted. When the outcomes were
reported and presented as continuous data, the mean
and standard deviation (SD) were extracted for both the
control and intervention groups at follow-up. When the
studies reported more than one follow-up period, data
were only extracted for the latest follow-up from the
start of the intervention. Where data were not reported
as the mean and SD, such as if the authors reported the
results as the median and interquartile range, we con-
tacted the author of the study to request the relevant
data. If there was no response from the authors, the
quantile method from Wan et al. [44] was used to calcu-
late the mean and SD.

Quality assessment
The methodological quality of the included studies was
assessed independently by two reviewers (LHG and
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CJRS) using the Cochrane Collaboration’s risk of bias tool
[40]. This tool assessed each study for random sequence
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment,
incomplete outcome data and selective reporting. Any
disagreements between the two reviewers were resolved
through discussion with a third reviewer (WWST).
The risk of bias graph and summary were generated by
Review Manager (RevMan) software 5.4.1 [45].

Data synthesis

The primary outcome of this review was HbA,.. The
secondary outcomes were SBP, DBP, LDL cholesterol
and BMI. All outcomes were expressed as the mean
differences (MD) with 95% confidence interval (CI).
The results were considered statistically significant
when p<0.05. The results were pooled using DerSimo-
nian and Laird’s random-effects model. RevMan soft-
ware was used to conduct meta-analyses and graph
generation. The heterogeneity of the selected studies
was evaluated using x* and I* statistics [46]. Using the
X° test, significant heterogeneity between studies was
considered significant if p<0.10 [47]. Using I? statistics,
0-40% represents no importance, 30-60% moderate
heterogeneity, 50-90% substantial heterogeneity and
75-100% considerable heterogeneity [46]. Subgroup
analysis explored the effectiveness of CCM across base-
line HbA,_ levels, study duration and numbers of CCM
elements. The baseline HbA | at 8% was chosen as a less
stringent treatment goal in consideration of the hetero-
geneity of preferences for intensity and mode of glucose
control in older adults with type 2 diabetes [48-51].
Publication bias was explored using a funnel plot and
Egger’s test [52].

Results

Search results

A total of 16,911 records were identified through an
electronic database search (16,842 records) and other
methods (69 records) including the abbreviated search.
After removing 5723 duplicate records, 11,188 records
were identified for screening. Thirty-two records were
excluded as they were published before January 1990.
Using title screening, another 10943 records were
excluded. The remaining 213 records were screened
using abstract and full text with 196 records excluded
by the screenings. Abstract screening excluded 124
records with reasons such as (i) participants were not
type 2 diabetic (nine studies), (ii) non-experimental
study (90 studies), (iii) non-primary care settings, e.g.
hospital setting (10 studies), (iv) interventions not
related to CCM (14 studies) and (v) non-clinical related
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outcomes (one study). Full text screening excluded 72
records with reasons such as (i) participants were not
type 2 diabetic (seven studies), (ii) non-experimental
study (13 studies), (iii) non-primary care settings, e.g.
hospital setting (14 studies), (iv) interventions not
related to CCM (17 studies), (v) non-clinical related
outcomes (three studies) and (vi) limited information
on interventions and results (18 studies). Examples of
limited information were mainly (i) no information
on sample size for groups, (ii) HbA,_ levels not avail-
able and (iii) means or percentages provided without
standard deviations or standard errors for HbA, lev-
els and other readings. In total, 17 records [53-69]
were included for this review (see Fig. 1). The PRISMA
flow diagram is illustrated in Additional file 2 and the
PRISMA checklist in Additional file 3. The funnel plot
appeared symmetrical, suggesting no publication bias
(see Additional file 4).
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Study characteristics

The study characteristics of the 17 included studies are
summarized in Table 1. These are 17 unique RCTs pub-
lished between 2008 and 2021 involving 16485 patients.
Six studies were from Europe [53, 55, 57, 60, 64, 68], five
from the USA [54, 58, 65, 67, 69], four from Asia [56, 61,
62, 66] and one each from Australia [63] and Canada
[59]. One study had three groups [67]. The majority of
patients were recruited from general practice (GP) or pri-
mary care clinics (#=14771), while the remaining six were
recruited from community health centres (n=1714) [54,
61, 63, 65, 67, 69]. The mean age of the participants was
59.3 years, with a range of 45.7 [65] to 71.5 [61]. One trial
did not report the age of participants [62]. Seven trials
had more males [55-57, 59, 60, 64, 68]. Five interventions
were delivered by physicians [56, 57, 59, 64, 68]. Others
involved nurses [53, 55, 58, 60], community health work-
ers [54, 63, 65], public health assistants [61], social workers

5723 duplicates removed

Records excluded before 01/01/1990

Records excluded from title

screening (n = 10943)

196 Records excluded based on

abstract and full-text screening

Abstracts screening (n= 124):

o Not type 2 diabetic (9)

o Non-experimental study (90)

o Non-primary care setting (10)

o Non-CCM related (14)

o Non-clinical related outcomes (1)

Full text screening (n = 72):

o Not type 2 diabetic (n =7)

o Non-experimental study (n = 13)

o Non-primary care setting (n = 14)

o Non-CCM related (n = 17)

o Non-clinical related outcomes (n = 3)

o Limited information on intervention
and results (n = 18)
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[62], pharmacists and dietitians [66], health educators
[67] and behavioural health providers [69]. The major-
ity of interventions lasted 12 months or longer, while five
studies lasted less than 12 months [58, 59, 61, 62, 69]. The
majority of patients had prevalent diabetes; one trial had
newly diagnosed diabetes [64], and another had screen-
detected diabetes [60]. Three studies described the CCM
elements within the interventions [55, 61, 66]. The CCM
interventions within the remaining studies were indepen-
dently identified and described by two reviewers (LHG
and CJRS) based on the description of the CCM elements
from the developer [19] (see Table 1). From the 17 stud-
ies, there were a total of 64 CCM elements, ranging from
two to five elements in each study (see Additional file 5).
Eleven studies had four elements [53, 54, 56, 59, 60, 63—66,
68, 69], four studies [57, 58, 62, 67] had two elements and
two studies [55, 61] had five elements. One study with two
intervention groups contributed two elements each from
self-management support and delivery system design [67].
The elements of self-management support and delivery
system design were found in the same 16 studies [53-56,
58-69], while decision support was found in 13 studies
[53-55, 57, 59-61, 63-66, 68, 69], clinical information sys-
tems in 11 studies [53—57, 59-61, 64, 68, 69], organization
of healthcare delivery system in four studies [55, 56, 61, 66]
and community linkage in two studies [63, 65].

All studies reported the primary outcome (HbA,_ level).
Nine studies had a mean baseline HbA; <8% for both
groups (range of 6.8 to 7.7%) [53, 55-61, 68], while the
remaining eight studies had a mean baseline HbA,, >8% for
both groups (range of 8.1 to 10.7%) [54, 62—67, 69]. All stud-
ies except one [62] reported the secondary outcomes of sys-
tolic and diastolic blood pressures. The LDL cholesterol was
reported in 11 studies [53, 55, 57, 59-61, 63, 65, 66, 68, 69]
and BMI was reported in nine studies [55, 56, 59-61, 65-68].

Usual care of the included studies was broadly
described as (i) care provided by primary care physi-
cians or practice nurse following good clinical prac-
tice involving routine medical evaluation, patient
education on general care, use of home glucose moni-
toring, patients given a copy of their diabetes test
results and follow-up calls to patients after visits [53—
55, 58, 61-65, 68, 69] and (ii) physicians have access
to relevant clinical guidelines [57, 60, 66]. Three stud-
ies described usual care as ordinary medical care by
physicians without further descriptions [56, 59, 67].

Risk of bias

The risk of bias summary and graph are presented in Addi-
tional file 6. Eight studies were appraised as unclear risk
due to lack of information about random sequence gen-
eration [53, 58, 60—64, 67], while 10 studies were graded as
unclear risk due to insufficient information about allocation
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concealment [53, 54, 58, 60-63, 65, 67, 68]. Although it was
not feasible to blind participants and personnel due to the
nature of the interventions, the absence of blinding did not
affect the objective outcomes. Therefore, all 17 studies were
graded as low risk for blinding of participants, personnel
and outcome assessment [70, 71]. Under incomplete data,
three studies [62, 64, 69] were rated as high risk, as >20%
attrition rate observed in either or both arms posed a seri-
ous threat to the study’s validity [72]. One study was rated
as unclear risk, as the numbers of participants were not
reported at randomization [57]. For selective reporting, 10
studies were assessed as low risk, while seven studies lacked
clarity and were hence assessed as unclear risk [53, 54, 58,
59, 61, 64, 69].

Effectiveness of CCM

HbA,,

All 17 studies that assessed the effect of CCM (interven-
tion) vs usual care (control group) on postintervention
HbA, levels were pooled into the meta-analysis (see Fig. 2).
Compared with usual care, adults who received CCM
interventions had significantly improved HbA, . levels (MD
—0.21%, 95% CI —0.30, —0.13; Z = 5.07, p<0.00001).

Blood pressure

The pooled results of 15 studies [53, 55-61, 63—69] for SBP
showed a significant improvement (MD —2.93 mmHg [95%
CI —4.46, —1.40]; Z = 3.75, p=0.0002) (see Fig. 3). Two
studies [58, 60] showed a large improvement in SBP (MD
—11.4 and —11 mmHg, respectively) compared to other
studies. For DBP, the pooled results also presented a statisti-
cally significant improvement (MD —1.35 mmHg [95% CI
—2.05, —0.65]; Z = 3.79, p=0.0002) (see Fig. 4). The study
with newly diagnosed patients [64] showed improvement in
both SBP (MD —6.67 mmHg [95% CI —9.41, —3.93]) and
DBP (MD —1.33 mmHg [95% CI —2.53, —0.13]) after six
years of intervention.

LDL cholesterol levels

Pooled results from 11 trials among [53, 55, 57, 59-61, 63,
65, 66, 68, 69] reported an improvement between groups
(MD —0.07 mmol/L [95% CI —0.16, 0.02]; Z = 1.62, p=0.11)
(see Additional file 7). The study with screen-detected
patients [60] reported an improvement of MD —0.5 mmol/L
[95% CI —0.66, —0.34] in favour of the intervention group.

BmI

Pooled data from nine studies [55, 56, 59-61, 65—68]
showed an improvement in BMI between groups (MD
—0.14 kg/m? [95% CI —0.29, 0.01]; Z = 1.78, p=0.08) (see
Additional file 8). The Austrian study [68] had the larg-
est reduction in change in BMI between the groups (MD
—0.53 kg/m? [95% CI —1.04, —0.02]).
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Fig. 2 Forest plot showing the effect of CCM on post-intervention HbA, (%). IV, inverse variance

Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Cleveringa et al., 2008 33 14 6.9% -3.30 [-6.04, -0.56]

Frei et al.,2014 -363 185 59% -3.63 [-7.26, -0.00]

Hayashino et al., 2016 -1.58 0.89 7.9% -1.58 [-3.32, 0.16] =
Heselmans et al., 2020 0.13 0.53 8.5% 0.13 [-0.91, 1.17] i
Hiss et al.,2007 -11.4 3.25 3.5% -11.40[-17.77,-5.03] -

Holbrook et al., 2009 -395 188 58% -3.95 [-7.63, -0.27] — =
Janssen et al., 2009 -11 1.52 6.6% -11.00[-13.98, -8.02] - =

Kong et al., 2019 1.39 1.23 7.2% 1.39 [-1.02, 3.80] N Sl
McDermott et al., 2015 -1.1 2.76 4.2% -1.10 [-6.51, 4.31] S
Olivarius et al., 2001 -6.67 1.4 6.9% -6.67 [-9.41, -3.93] ——

Prezio et al.,2013 24 288 4.0% -2.40 [-8.04, 3.24] - =
Ramli et al., 2016 2 1.09  75% -2.00 [-4.14, 0.14] =
Schillinger et al., 2009a 32 26 45% -3.20 [-8.30, 1.90] =
Schillinger et al. 2009b -39 26 45% -3.90 [-9.00, 1.20] L
Sonnichsen et al., 2010 -0.5 0.79 8.1% -0.50 [-2.05, 1.05] -
Talavera et al., 2021 -0.13 0.76 8.1% -0.13 [-1.62, 1.36] = o
Total (95% Cl) 100.0%  -2.93 [-4.46, -1.40] <&

Heterogeneity: Tau? = 6.93; Chi? = 88.08, df = 15 (P < 0.00001); I> = 83%

Test for overall effect: Z = 3.75 (P = 0.0002)

10 -5 5 10
Favours CCM Favours Usual Care

o

Fig. 3 Forest plot showing the effect of CCM on post-intervention SBP (mmHg). IV, inverse variance

Subgroup analysis

Subgroup analyses were performed for the primary
outcome HbA,  level. Subgroup analyses were strati-
fied by participants’ mean baseline HbA,_ levels, study
duration and number of CCM elements in the inter-
ventions. Subgroup analysis revealed no significant

subgroup difference for study duration (<12 months vs
>12 months) (p=0.55) (see Additional file 9).

Subgroup analysis comparing the effectiveness of CCM
among participants with a mean baseline HbA, <8%
and a mean baseline HbA,. >8% reported a significant
subgroup difference (> = 87.7%, p=0.004) (see Fig. 5).
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Fig. 4 Forest plot showing the effect of CCM on post-intervention DBP (mmHg). IV, inverse variance

Among participants with a mean baseline HbA,, >8%,
those who received CCM interventions experienced sig-
nificant reductions in HbA,. levels (MD —0.36%, 95%
CI —0.51, —0.21; Z = 5.05, p<0.00001) compared with
participants who received usual care. Similarly, CCM
interventions significantly decreased HbA, levels in par-
ticipants with a mean baseline HbA,  <8% (MD —0.12%,
95% CI —0.18, —0.06; Z = 3.99, p<0.0001).

Additionally, subgroup analysis comparing the effect of
CCM among participants who received fewer than four
CCM elements and four or more CCM elements in the
interventions revealed significant subgroup differences
(P = 81.2%, p=0.02) (see Fig. 6). Compared with usual
care, a significant reduction in HbA,  levels was experi-
enced by participants receiving interventions contain-
ing four or more CCM elements (MD —0.25%, 95% CI
—0.35, —0.15; Z = 4.85, p<0.00001) and fewer than four
CCM elements (MD —0.09%, 95% CI —0.18, —0.00; Z =
2.03, p=0.04).

Discussion
This review assessed the effectiveness of the Chronic
Care Model (CCM) for adults with type 2 diabetes in pri-
mary care on improving patient outcomes. Our results
revealed that, in comparison to usual care, CCM inter-
ventions in primary care significantly improved HbA,.
and systolic and diastolic blood pressures but not LDL
cholesterol or BMIL.

The CCM is an integrated model that has been shown
to be an effective framework for improving the quality

of diabetes care through the implementation of its six
core elements [73]. A five-year prospective cohort study
using a multidisciplinary Risk Assessment and Man-
agement Programme-Diabetes Mellitus (RAMP-DM)
for diabetic patients [74] incorporating CCM elements
of risk-stratified care planning, multidisciplinary care,
scheduled monitoring of complications, diabetes self-
management education and smoking cessation showed
significant improvements for HbA,, systolic blood pres-
sure, diastolic blood pressure, LDL cholesterol and body
mass index readings between groups. Patients enrolled in
the CCM intervention experienced a reduction in cardio-
vascular risks by 56.6%, microvascular complications by
11.9% and mortality by 66.1%. A 12-month randomized
controlled trial involving a comprehensive diabetes pro-
gramme that incorporated risk stratification, action
planning, regular follow-up and patient engagement in
self-care, improved HbA,, and blood pressure levels for
adults with diabetes in primary care clinics within a man-
aged care organization [75]. The RAMP-DM programme
also found that the CCM was a cost-saving intervention
in managing diabetes in patients over five years [9].

HbA, outcomes

Previous systematic reviews that included a meta-analysis
[24, 25, 28-30, 36] similarly reported HbA,  reduction
between intervention and usual care groups ranging from
MD —0.07% (95% CI —0.10, —0.04) [29] to MD —0.5%
(95% CI —0.6, —0.3) [28], thus supporting our findings.
Our review included nine new studies [57—-62, 66, 67, 69]
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Fig. 5 Forest plot showing subgroup analysis of post-intervention HbA, . (%) according to baseline HbA, . IV, inverse variance

from six search databases and four continents, when com-
pared with another review [30] that shared eight common
studies [53—56, 63—65, 68]. However, our current findings
revealed a smaller effect estimate of HbA,. decrease of
MD —0.21%, 95% CI —0.30, —0.13; Z = 5.07, p<0.00001,
compared with the prior review that reported a HbA,,
decrease of MD —0.28% (95% CI —0.35, —0.21) (p value
not available) [30].

The HbA,. remains a recommended and relevant
measure for the medical evaluation and clinical man-
agement of people with type 2 diabetes with the goals
of treatment being to prevent or delay complications
[20]. The UK Prospective Diabetes Study (UKPDS) [22]
emphasized the importance of improving glycaemic
control in order to reduce diabetes related microvascu-
lar complications in people with type 2 diabetes. A 2019
cohort study of 34,737 newly diagnosed patients [21]
found that longer periods of early glycaemic exposure
at HbA,_ levels 6.5 to <8.0% did not increase the risk of
microvascular or macrovascular events during follow-up
(the Legacy Effect), whereas longer periods of exposure

to HbA,_ levels >8.0% were associated with an increas-
ing risk of microvascular events. Moreover, HbA,_ levels
>9.0% for early exposure periods >0—4 years were asso-
ciated with an increasing risk of macrovascular events.
Similarly, a 10-year observational follow-up of people
with type 2 diabetes [76] who were originally randomized
to intensive glycaemic control had significant long-term
reductions in myocardial infarction (15 to 33%) and in
all-cause mortality (13 to 27%) depending on whether
sulfonylurea or insulin or metformin was given as initial
pharmacotherapy.

The Action to Control Cardiovascular Risk in Diabetes
(ACCORD) study found that the use of intensive therapy
to target HbA,  below 6% for 3.5 years in patients with
type 2 diabetes who have established cardiovascular dis-
ease or additional cardiovascular risk factors, increased
mortality and did not significantly reduce major cardio-
vascular events [77]. Although the 2022 ADA guidelines
[78] recommends that the HbA,, goal of <7% is appro-
priate for many non-pregnant adults without significant
hypoglycaemia, there are different recommendations
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Fig. 6 Forest plot showing subgroup analysis of post-intervention HbA, . (%) according to numbers of CCM elements. IV, inverse variance

for adults with limited life expectancy or who are older
[48]. Older adults who are otherwise healthy with few
coexisting chronic conditions, intact cognitive function
or function status are recommended to work towards
lower glycaemic goals such as HbA, < 7.0-7.5%. On the
other hand, it could be more appropriate for older adults
who have multiple coexisting chronic conditions, cogni-
tive impairment or functional dependence or people with
limited life expectancy to aim for less stringent glycaemic
goals such as HbA, . < 8.0%.

In setting the glycaemic targets, the studies in this
review used guideline recommendations and thus dem-
onstrating the presence of the decision support element
from the CCM. Two studies in this review [58, 64] were
conducted before the ACCORD study results were pub-
lished and were based on prevailing international guide-
lines. Seven studies measured specific HbA, . goals [53,
55,59, 60, 62, 65, 66] with majority targeting 7% or below
and three studies targeting 6.5% or below [55, 62, 66].
Five of these seven studies based their recommended
targets on national guidelines [53, 66] or international

guidelines such as the ADA guidelines [55, 65] or both
[59], while the remaining two studies did not mention
what was the source for the recommended targets [60,
62]. In total, nine studies in this review did not specify
any target HbA,  goals as outcomes [54, 5658, 61, 63,
67-69].

Though guideline recommendations for health care
providers are tools that can be used to improve health
outcomes, diabetes care should be individualized for each
person in order to achieve optimal outcomes. Taking a
CCM patient-centred care approach, glycaemic goals
are recommended to be personalised based on the indi-
vidual’s medical conditions and preferences [79]. The ele-
ment of delivery system design from the CCM advocates
for collaborative, multidisciplinary teams to provide care
for people with chronic diseases such as diabetes and to
facilitate patients’ self-management. The self-manage-
ment system element from the CCM addresses the need
for goal-setting and helps clinicians incorporate person-
alised HbA,_ goal-setting in the management of patients
with type 2 diabetes.
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In this review, two studies demonstrated the self-man-
agement system element by having personalised or real-
istic goals for glycaemic control for different patients
[54, 64] while the remaining studies were less clear if
personalised goals were set. In the first study, the inter-
vention protocol was guided by a treatment algorithm
(an aspect of the decision support element in CCM) that
determined the frequency and intensity of patient care,
based on level of diabetes control and patient’s associ-
ated health risks including the use of higher cut-points
for HbA, . goals [54]. This study also demonstrated how
the elements of decision support and self-management
support were intertwined in the interventions using the
CCM. In the second study, the intervention group incor-
porated realistic and best possible goals for glycated hae-
moglobin, blood pressure, and lipids within predefined
categories [64]. In the remaining studies, three described
aspects of patient-centred care such as patient-specific
goal setting for glycaemic status, blood pressure and
serum lipids [55], agreement on therapeutic goals in a
shared patient-physician decision-making process [68]
and shared treatment plan, shared decision-making and
goal-setting [69]. Our review shows that the CCM can be
used to address the gap in the lack of personalised goal-
setting for the management of patients with type 2 diabe-
tes, in particular for those who may experience adverse
outcomes with intensive blood glucose control [77].

In our review, all except one trial contained the element
of self-management support (see Table 1 and Additional
file 5). This trial looked at computerized clinical decision
support for providers and did not contain the element of
self-management support for patients [57]. A systematic
review by Si et al [25] reported that RCTs involving the
self-management support element had a reduction in
HbA, . by —0.53% compared to usual care. The self-man-
agement support element of the CCM emphasizes that
the patient is the main person responsible for managing
their health and the healthcare provider works with the
patient to jointly identify problems, set goals, establish
priorities, and develop an action plan and strategy for
solving the problems that have been identified. Empow-
ering patient self-management is fundamental to the suc-
cessful implementation of the CCM [18]. It is therefore
not surprising that almost all studies in our review incor-
porated self-management support in the interventions.
Other commonly occurring elements found in this review
were decision support, delivery system design and clini-
cal information systems, while the elements of organiza-
tional system design and community linkages were least
observed (see Additional file 5), as similarly reported in
other reviews [24, 25, 28, 33, 34, 80, 81]. Nonetheless,
our review was not able to show that any single CCM
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element was found to be critical [24] or superfluous [82]
to improve outcomes.

The CCM is about person-centred approach to manag-
ing chronic conditions such as diabetes. Therefore, HbA
should not be the only relevant measure in the manage-
ment of people with type 2 diabetes nor be the key determi-
nant of whether health systems should adopt the CCM or
not. There should be focus on non-biochemical outcomes
such as quality of life and reduction of complications,
which have value in themselves, even if the HbA, . outcome
did not come down. In this review, five studies measured
quality of life as an outcome [55, 59-61, 67] with three
studies [55, 60, 61] using the 36-item short-form health sur-
vey (SF-36) [83], and two studies [59, 67] using SF-12 [84].
An additional measure, Diabetes-39 questionnaire was
used to assess diabetes-related quality of life [85, 86] for one
study [59]. Four studies [55, 59, 60, 67] showed there was
no statistically significant change in quality of life measures
between groups though there was a positive trend in one
study [59]. One study [61] showed statistically significant
increases in four scales of the SF-36, namely, the role limi-
tation due to physical problems and social functioning, the
role limitation due to emotional problems and the physical
component summary score.

Blood pressures and BMI outcomes

Looking at the effect of CCM interventions on the sec-
ondary outcomes in this review, adults with type 2 dia-
betes and hypertension were found to have improved
systolic and diastolic blood pressures. A probable reason
could be the patients’ ability to perform self-management.
Those who are able to perform their glucose or blood
pressure measurement readily at home to enable self-
monitoring would gain better control of their condition
[87, 88]. Conversely, patients with hyperlipidaemia were
only able to assess their progress through blood tests in
the clinics and hence it may reduce their level of self-man-
agement. More research is recommended to affirm this
finding. Other reviews also found small gains in choles-
terol improvement that could be clinically trivial [29, 30,
36]. Our study also did not find any improvement in BML

Subgroup analyses

Baseline HbA, levels

The baseline HbA, . level was shown in this meta-analysis
to affect HbA, . outcomes, with the group having a mean
baseline HbA, . >8% showing greater reductions in HbA
changes than the <8% group. This finding concurs with
three other meta-analyses [26, 27, 37] except one [30]. A
2017 systematic review [89] established that the HbA,,
measurement is a reliable risk factor of all-cause and car-
diovascular mortality in diabetics and non-diabetics. The
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review recommended that the optimal HbA1c levels for
the lowest all-cause and cardiovascular mortality were
6.0 to 8.0% in people with diabetes and 5.0 to 6.0% in
those without diabetes. In addition, a 2019 cohort study
demonstrated that longer periods of exposure to HbA,
levels >8.0% were associated with increasing microvas-
cular and mortality risk [21]. Another study targeting
the patients with a higher HbA, . level showed that there
were benefits from having fewer major cardiovascular
events [90]. Our results suggest that CCM interventions
could be strategically targeted on patients with HbA,
levels >8.0% instead of those with lower readings.

Numbers of CCM elements

The majority of the studies in this review contain four
or more CCM elements. A greater number of CCM ele-
ments was found to have better improvements in HbA
levels in this review, which is consistent with previous
reviews suggesting a greater benefit of interventions with
more CCM elements over a single element for type 2 dia-
betes [28, 29, 91-93], while other reviews did not show
the benefits or were inconclusive [24, 25, 73, 81, 82]. Elis-
sen et al. [28] found that the most notable improvement
in HbA,. of —0.7% (95% CI —1.2, —0.3, p=0.22) was
attained by trials having at least three CCM elements.
Conversely, having two and fewer CCM elements may
reduce the opportunities for education sessions, assess-
ment of the patients’ needs and identifying barriers to
self-management [28]. While CCM has been promoted
as a package of interventions supported by evidence that
interventions with multiple elements do better than sin-
gle ones, it is challenging to standardize the combina-
tions of CCM elements [28]. More research is needed to
provide evidence for supporting synergistic effects than
the sum of the parts, with the CCM elements being inter-
dependent and building on one another [14, 82].

Length of intervention

Our review did not find any difference in mean HbA,_
reduction between trials lasting <12 months vs >12
months, similar to other meta-analyses [27, 28, 37]. This
could be due to the few studies in the <12 months group
in our review, resulting in an uneven distribution of the
covariates [94]. Moreover, two studies in this review were
much longer than 12 months with one lasting 18 months
[63] and the other lasting six years [64]. One study was
shorter than six months at 28 weeks [62]. These stud-
ies were included in the meta-analysis because there is
no recommended duration for CCM to be carried out.
Pimouguet et al. [27] and Elissen et al [28] found that
studies shorter than 12 months were found to report
more promising effects on glycaemic control than those
longer than 12 months, although the difference did not
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achieve statistical significance, while Murphy et al. [37]
found no difference. Other meta-analyses using groups of
<12 months vs >12 months also did not find any signifi-
cant difference in mean HbA | reduction between groups
[30, 36], though the reduction was greater in the >12
months duration group. Pimouguet et al [27] reasoned
that effective features of disease management (ability of
disease managers to start or modify medical treatment)
could have impacted outcomes, irrespective of study
duration or baseline HbA, _ levels.

Our meta-analysis shows that studies <12 months
[58, 59, 61, 62, 69] showed a significant improvement
results while those 12 months [53-57, 60, 65—-68] and
longer [63, 64] may suggest sustainability of HbA,,
improvement using CCM. Diabetes is a long-term con-
dition and it is important to show that CCM interven-
tions can sustain the improved glycaemic control over
the longer duration of its management.

This review has limitations. First of all, the majority of
studies did not classify the CCM elements in the inter-
ventions. Although the two reviewers independently
determined the numbers and type of CCM elements in
the studies using a guide from the CCM developers, this
could still lead to misclassification bias [95]. The vary-
ing numbers and types of CCM elements added to the
heterogeneity, which could also be explained by the dif-
ferent intervention durations and baseline HbA,  lev-
els in the studies. Information about the randomization
procedure and allocation concealment from healthcare
providers was often missing, thus affecting the meth-
odological quality of this review. There is a broad variety
of usual care for the studies being reviewed and it may
not be possible to have a standard of care that is simi-
lar for all studies. The review also focussed on improve-
ments in biomedical parameters, not other outcomes
such as quality of life. However, measuring biomedical
outcomes remains important from some perspectives,
as they are predictors of diabetes-related complications
which in turn, are key determinants of healthcare costs
and quality of life downstream. In this review, only two
studies incorporated personalised goals as part of their
intervention for diabetes management [54, 64]. Most of
the studies identified used a fixed goal for HbA, rather
than personalised goals as would be recommended today,
based on evidence of adverse effects of intensive control
in some individuals with type 2 diabetes [77]. Therefore,
more research is needed to evaluate the effectiveness of
personalised goals in diabetes management. While our
analysis shows that application of the CCM can result in
changes in biomedical parameters in the intended direc-
tion, there is no direct empirical evidence that CCM
would achieve the same impact in the context of person-
alized goals. Lastly, the effects of the interventions on
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biomedical parameters are relatively small and in them-
selves may not be clinically significant as compared to
other interventions like pharmacological therapy which
typically lower HbA, . levels 0.5-1%.

More research on CCM interventions is needed for
adults with hyperlipidaemia and those who are over-
weight or obese, as these are not found to be signifi-
cant in this study. Future research investigating the
effectiveness of CCM should clearly classified the ele-
ments in the interventions and the descriptions of each
CCM element should be better standardized. Research
should also measure the effectiveness of the different
CCM elements by themselves. Other CCM elements
that are not well explored such as the the organization
of the healthcare delivery system and community link-
ages should be investigated in future research. It is rec-
ommended for future studies that usual care be clearly
described as being different from the interventions.
The duration of the CCM intervention should also be
investigated for its effectiveness on the outcomes, pref-
erably for longer than 12 months to see if the effects
can be sustained. Lastly, while it remains important to
measure biochemical outcomes such as HbA,, in par-
ticular by setting personalized targets, other measures
looking at patient-centred care such as quality of life,
reduction of complications and quality of care should
also be examined.

Conclusions

This systematic review and meta-analysis suggests that
CCM is effective in primary care adults with type 2 dia-
betes for HbA, . and blood pressure outcomes. However,
CCM interventions did not significantly affect LDL cho-
lesterol or BMI. While there was a greater reduction in
HbA,_ levels when four or more CCM elements were
used in the interventions compared with fewer elements,
there was no influence of study duration on HbA,_ lev-
els. The elements of self-management support, decision
support, delivery system design and clinical information
systems were found to be most commonly used in the
interventions.
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