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Abstract

Background Diabetes mellitus requires ongoing management and care coordination. The majority of patients with
diabetes were managed in primary healthcare settings. Several quality improvement programs have introduced
specialist involvement in primary healthcare teams. However, synthesized evidence is needed to support policy
improvements regarding the impact of specialist-primary healthcare coordination on glycemic control in diabetes
care.

Objective This systematic review and meta-analysis aimed to assess the effectiveness of specialist involvement in
primary healthcare teams on glycemic control of patients with diabetes.

Methods A search of five electronic databases (PubMed, Embase, Web of Science Core Collection, CNKI, and
Wanfang Database) was conducted to identify relevant studies published until October 21st, 2023. We assessed the
methodological quality of the included studies using the suggested risk of bias criteria for EPOC (Cochrane Effective
Practice and Organization of Care). We conducted the certainty assessment using the GRADE guideline. The outcome
measured was the HbA1c level. Meta-analyses were performed using random-effects models.

Results A total of 12 studies (7 randomized controlled trials and 5 controlled before-after studies) were included
in the meta-analysis. The involvement of specialists in primary healthcare teams was associated with a statistically
significant reduction in HbA1c level compared to usual or standard care (mean difference —0.57, 95% Cl: -0.86 to

-0.27,1>=88.17%).

Conclusion The findings revealed that the interventions might improve the care delivered and patients'health
outcomes. However, due to the very low certainty of evidence on the effectiveness on glycemic control, the
interventions implemented in the included studies should be employed with caution in future policy-making to
achieve improved HbA1c levels. Further research with a more rigorous design is needed to provide evidence of
higher certainty and quality.

Registration The systematic review and meta-analysis was registered in the PROSPERO International Prospective
Register of Systematic Reviews (registration No. CRD42022384589 available at https://www.crd.york.ac.uk/prospero/#s
earchadvanced).
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Introduction

Diabetes mellitus is a widespread chronic disease affect-
ing a significant number of individuals worldwide. Type
2 diabetes mellitus constituted approximately 90% of all
diabetic patients [1]. The global prevalence of diabetes
in 2021 reached 10.5% among adults aged 20-79 years,
indicating that around 536.6 million people suffered from
this disease [2]. Diabetes mellitus and its complications
accounted for more than 80% of premature deaths caused
by non-communicable diseases, making it the seventh
leading cause of death. Moreover, it was estimated that
nearly 760 billion dollars were spent annually on the
management of diabetes patients [3].

Caring for patients with diabetes and other chronic dis-
eases needs long-term and continuous services, including
risk factor control, diagnosis, medication prescription,
behavioral guidance, emergency treatment, manage-
ment of complications, rehabilitation, and treatment for
co-existing conditions such as mental health disorders.
Given that primary healthcare providers located in the
community are close to residents and have the advantage
of establishing long-term relationships with residents, in
most health systems across the world, primary health-
care institutions and general practitioners working there
are the major service providers for diabetes patients [4].
However, evidence showed that the provision of com-
prehensive evidence-based standardized diabetes care
in primary healthcare settings has been challenging, and
patients’ access to specialty care being limited was one
essential reason that resulted in unsatisfying manage-
ment and care for diabetes patients [5]. Furthermore,
the growing reliance of diabetes patients on primary
healthcare providers has led to an increased workload
for them, negatively impacting the quality and efficiency
of care delivery, particularly in countries with less devel-
oped primary healthcare systems [6—7]. The complexities
inherited in the management of diabetes and the lim-
ited capability and energy of primary healthcare provid-
ers have called for services from interdisciplinary care
teams who address the diverse needs of residents through
shared care.

Studies on quality improvement programs underlined
the construction of interdisciplinary care teams, partic-
ularly between primary and specialty healthcare [8, 9],
which refined the roles of different healthcare provid-
ers and was regarded as an instrumental and effective
way of achieving high-quality and patient-centered care
in primary healthcare settings [10]. Specialty healthcare
was provided by specialists whose expertise is closely
related to diabetes management, such as endocrinolo-
gists and other diabetes-related healthcare professionals

(dietitians, diabetes nurse educators, pharmacists, mental
health workers, podiatrists, ophthalmologists, and exer-
cise physiologists) [11]. In certain regions, specialist out-
reach clinics have been established to enhance specialist
care provision and promote better coordination between
primary healthcare providers and specialists [12]. Spe-
cialists expanded their services to primary healthcare
practices through both physical means, such as going
to primary healthcare practices to help with their work,
as well as digital means, including teleconsultation and
online conferences with primary healthcare providers.
Collaboration between specialists and primary health-
care providers has been fostered through various inter-
vention models and strategies, such as co-consultations,
two-way referrals, task sharing, and regular case confer-
ences [11].

Significant improvements in diabetes care have been
observed in the specialist outreach team programs of
several countries. For instance, in Australia, the Diabe-
tes Alliance Program, an integrated diabetes care model,
was introduced [5], in which the specialist teams with
primary healthcare teams worked together through
capacity-enhancing case conferences organized in gen-
eral practice, and at the same time, the general practi-
tioners received support through regular educational
sessions and comprehensive feedback from specialists.
Similarly, Canada implemented the St. Joseph’s Primary
Care Diabetes Support Program (SJHC PCDSP) [13],
which involved the direct participation of specialists in
patients’ treatment plans. As an innovative interprofes-
sional team-based model for adults living with diabetes
and comorbidities [13], the SJHC PCDSP coordinated
and provided standardized evidence-based practice, and
supported primary healthcare, resulting in the improve-
ment of patient experience, and reduction of diabetes
complications and hospitalizations [5]. Through proac-
tive involvement, the specialists participated in the care
of patients with diabetes along with the GPs or other pri-
mary healthcare providers and guided the teams in the
primary healthcare settings.

Several empirical studies on the collaboration between
specialists and primary healthcare providers in diabe-
tes care have been published [13-15]. However, specific
conclusions regarding the impact of collaboration on the
control of HbAlc levels remained unclear across differ-
ent trials [16—18]. Lowering HbAlc was clinically asso-
ciated with decreased morbidity and mortality risks,
including cardiovascular events and myocardial infarc-
tion, common complications of T2DM [19, 20]. At the
same time, in programs to improve the quality of diabetes
care, the control of HbAlc level was commonly used as
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the indicator of effectiveness. Therefore, it was necessary
to synthesize evidence that assessed the effectiveness of
specialist involvement in primary healthcare teams on
HbAlc, the direct health outcome in glycemic control.
Relevant meta-analyses analyzed the roles of pharmacists
in diabetes management in primary healthcare, given the
necessity of drug intervention in diabetes care [17]. One
meta-analysis tried to measure the effectiveness of inter-
active communication in the process of collaboration
between specialists and primary healthcare providers
[18]. However, the efficacy of interactive communica-
tion by itself cannot be established because collaborative
interventions are inherently multifaceted. Therefore, this
study aims to fill the literature gaps by including studies
with a wider range of specialist types and complex col-
laboration strategies involved. The objective is to syn-
thesize evidence on the impact of specialist involvement
in primary healthcare teams on glycemic control among
patients with diabetes mellitus.

Methods

Design and registration

This study was a systematic review and meta-analysis,
and was reported based on the Guidelines of Systematic
Reporting of Examination presented in the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) 2020 statement [21]. The search protocol
was registered in the PROSPERO International Prospec-
tive Register of Systematic Reviews (registration No.
CRD42022384589 available athttps://www.crd.york.ac.
uk/prospero/#searchadvanced, accessed on 20 January
2023).

Search strategy

A systematic search was conducted across five electronic
databases, namely PubMed, Embase via Elsevier, Web of
Science Core Collection, Chinese National Knowledge
Infrastructure (CNKI), and Chinese Medicine Premier
(Wanfang Database). The search aimed to identify rele-
vant research articles published up until the 21st of Octo-
ber 2023. The search strategy was developed based on
four key groups: (1) disease, defined as diabetes mellitus;
(2) study participants, including specialists from diabe-
tes-related disciplines (such as endocrinologists, dieti-
tians, pharmacists, podiatrists, and ophthalmologists)
and primary healthcare providers (such as family doctors,
general practitioners, nurses, or other health profession-
als in primary healthcare institutions); (3) intervention,
focused on collaboration between specialists and primary
healthcare providers; and (4) setting, limited to primary
healthcare settings. Using this framework, the initial
search strategy was built in PubMed by identifying rel-
evant MeSH terms for each group through the PubMed
MeSH database and was subsequently tailored for other
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databases to ensure comprehensive coverage (see Sup-
plementary File 1). The search strategy was built in Eng-
lish and Chinese. We also performed a manual search
and screened the reference lists of included articles and
related systematic reviews.

Eligibility criteria and outcome measurement

The inclusion criteria followed the PICOS framework:
the population (P) of interest was patients with diabetes
mellitus; intervention (I) to be included was the expan-
sion of the roles of the specialists from any diabetes-
related discipline (such as endocrinologists, dietitians,
pharmacists, podiatrists, and ophthalmologists) into
primary healthcare settings and they worked collabora-
tively with primary healthcare providers (family doctors,
general practitioners, nurses or other health profession-
als in primary healthcare institutions). These specialists
should actively engage in healthcare delivery through
direct collaboration with primary healthcare profession-
als. For instance, endocrinologists may work with general
practitioners (GPs) in case management, taking respon-
sibility for creating management plans and supervis-
ing the team’s efforts. Ophthalmologists and podiatrists
might contribute by performing specialty tests and pro-
viding expert support during consultations, particularly
for patients experiencing diabetes-related complications;
the comparison (C) in the study should be the diabe-
tes patients receiving usual or standard care at primary
healthcare institutions; the primary outcome (O) must
include the level of HbAlc; the eligible study designs (S)
were limited to randomized controlled trials (RCTs) and
controlled before-after analysis (CBAs).

We included both English and Chinese literature. We
excluded non-experimental studies and studies only
including passive specialist involvement (the special-
ist was not directly involved in the intervention, such as
providing regular training to GPs or delivering advanced
courses to the GPs [11, 22]). Studies not involving inter-
ventions within primary healthcare settings were also
excluded.

Selection process and data collection

One reviewer (HLZ) downloaded and imported all arti-
cles identified in the five databases into the management
tool EndNote (Version 20). After removing duplicates,
two authors (HLZ and ZHX) independently screened
studies by title and abstract based on the inclusion cri-
teria. Full-text review was performed by two authors (JL
and ZHX) independently. Any disagreement between
the two authors on the eligibility was resolved through
discussions with an additional reviewer (BBY). Multiple
reports from the same study were identified by reviewing
the method part, including the setting and intervention
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details. When multiple reports were identified, we linked
the reports together for extraction and analysis.

The primary outcomes included in this review were
HbA1lc levels and other physiological outcomes, includ-
ing blood pressure (BP), low-density lipoprotein choles-
terol (LDL), high-density lipoprotein cholesterol (HDL),
and fasting blood glucose (FBG). Secondary outcomes
included healthcare utilization, adherence to health
behaviors (e.g., diet, physical activity, and medication),
health knowledge, quality of life, changes in medication
use, and self-management behaviors.

We did not restrict the measurement tools for out-
comes, but we only included studies with clearly
documented measurement tools, such as validated
instruments like EQ-5D-5L and the SF-36 scale for
assessing quality of life, as well as structured question-
naires or patient records for measuring healthcare uti-
lization and health behavior adherence. Data from both
short-term and long-term follow-ups were all included.
We only included the studies using the analysis methods,
such as intention-to-treat and per-protocol approaches
to ensure a robust evaluation.

The authors, the year of publication, the number of par-
ticipants involved in the intervention, the characteristics
of participants, the designs of studies, the characteristics
of interventions, the characteristics of the comparison
groups, the duration of the intervention, outcome vari-
ables, and other relevant information were extracted for
subsequent analysis. One author (JL) extracted data into
a Microsoft Excel spreadsheet, which was later verified
by another two authors (ZHX and ZSL).

Risk of bias and certainty assessment

We used EPOC (Cochrane Effective Practice and Orga-
nization of Care) checklists [23] for RCTs and CBAs to
assess the risk of bias for included studies. The checklists
comprised 9 items, including random sequence genera-
tion, allocation concealment, baseline outcome measure-
ments similar, baseline characteristics similar, incomplete
outcome data, knowledge of the allocated interventions
adequately prevented during the study, protection against
contamination, selective outcome reporting, and other
risks of bias. Each item was assessed as having “low risk’,
“high risk” and “unclear risk” of bias. To assess the cer-
tainty of evidence and guide recommendations, we used
GRADE guidance [24] to conduct the certainty assess-
ment and to prepare a summary of the findings table.
The certainty of evidence for the outcome was evaluated
based on the following five GRADE domains, including
the risk of bias, inconsistency (measured by statistical
heterogeneity and variability across studies), indirectness
(evaluated based on the applicability of study popula-
tions, interventions, and outcomes to the review ques-
tion), imprecision (assessed based on sample size and
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confidence interval width), and publication bias (exam-
ined through funnel plots and statistical tests). Based on
these criteria, the overall certainty of evidence for the
outcome was categorized as high, moderate, low, or very
low. Evidence was downgraded when substantial risks of
bias, inconsistency, imprecision, indirectness, or publi-
cation bias were present. Strong recommendations were
made when the benefits of an intervention outweighed
the risks, and the certainty of evidence was high or mod-
erate. Meanwhile, conditional recommendations were
issued when the quality of evidence was low or very low,
or when uncertainty remained regarding the balance of
benefits and harms. Risk of bias and certainty assess-
ments were conducted independently by two authors
(JL and ZHX) to minimize subjective bias. Discrepancies
were resolved through in-depth discussions with an addi-
tional author (BBY) when necessary.

Data analysis

The characteristics of the included studies and interven-
tions were displayed in a structured table. The meta-
analysis was conducted using Stata 17.0. The primary
outcome is the HbAlc level, i.e. the difference in HbAlc
level between the pre- and post-intervention, and the
effect size in the meta-analysis was the mean difference
between the intervention group and the control group.
A random-effects model was used to estimate the mean
difference at 95% confidence intervals (CI). Statistical
heterogeneity was assessed using the Higgins I? statistic,
where the I? value greater than 50% indicated significant
heterogeneity.

Two sensitivity analysis was conducted. First, we
excluded studies with high risk of bias. Second, we
assessed the influence of individual studies by using the
leave-one-out method to.

recalculate estimates omitting 1 study at a time. We
also explored possible sources for heterogeneity by con-
ducting subgroup analyses based on study and interven-
tion characteristics, such as study design, intervention
duration, average age of the study population, and coun-
tries. We assessed the potential risk of publication bias
using a funnel plot, which visually displayed the effect
estimates against their standard errors. Symmetry in the
funnel plot indicated a low risk of publication bias, while
asymmetry suggested a higher risk. To further evaluate
publication bias, the Egger regression test and Begg’s test
were conducted.

Results

Literature selection

After removing duplication, a total of 1687 articles were
initially identified from the database search. After screen-
ing the titles and abstracts, 101 potentially relevant stud-
ies were included for full-text review. Twelve studies were
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finally included in this review after screening the full
texts. The detailed literature selection process was dis-
played in Fig. 1.

Characteristics of studies and interventions

In Table 1, the characteristics of the included studies were
presented. Of the 12 studies, 8 [25-29, 31, 32, 36] were
published after 2010, while 4 [30, 33—-35] were published
before 2010. Most of the studies (10 out of 12) focused
on patients with type 2 diabetes mellitus (T2DM), and
one study [28] included patients with the complication
of diabetic retinopathy. The sample sizes varied across
the studies, ranging from 65 to 2495 participants. Seven
studies [25-27, 29, 30, 34, 36] had a sample size larger
than 200.

Table 2 provided an overview of the details of the inter-
ventions implemented in the included studies. Among
the interventions of the included studies, the primary
healthcare providers mainly included family physicians,
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general practitioners, and nurses. The specialists involved
in the collaborations varied across the studies and
included endocrinologists, ophthalmologists, nurses,
dietitians, and pharmacists. In 8 studies [25, 27, 29, 30,
32, 34-36], there was a specialist outreach team com-
posed of healthcare providers with different diabetes-
related expertise helping primary healthcare providers
in delivering diabetes care. In the other 4 studies [26, 28,
31, 33], only individual specialists participated in the pri-
mary healthcare teams.

Of the 12 studies, 10 studies implemented a mixed
bundle of collaboration strategies among primary health-
care providers and specialists. Most studies [25, 26, 28,
30, 31, 33-35] incorporated specialists into primary
healthcare teams in the form of task-sharing in case man-
agement. In five studies [25, 26, 31, 34, 35], the specialists
involved in the team were an endocrinologist or a phar-
macist responsible for the final decision-making in treat-
ment plans for individuals and the monitoring of the plan

~
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Additional records identified
through other sources
(n=17)

(n=1687)

Records after removing duplicates
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Records for title & abstract screening
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1. Not intervention studies (n=40)
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3. Single group pre- and post-test studies (n=16)

4. Insufficient report of the outcome HbA1c (n=9)
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7. Study protocols (n=5)

8. Conference articles (n=2)
9. Passive involvement of specialists (n=1)

Fig. 1 Literature selection flow diagram
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Table 1 Characteristics of included studies
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Study ID Author Year Country Study design Sample size Participants

1 Zhang et al. [25] 2019 China CBA N=459 T2DM patients in communities
(I:289; C: 170)

2 Sun et al. [26] 2018 China CBA N=233 T2DM patients in communities
(1:117,C:116)

3 Daietal. [27] 2021 China CBA N=380 T2DM patients in communities
(1:192; C: 188)

4 Chen et al. [28] 2020 China CBA N=108 T2DM patients with early diabetic retinopathy
(I:53; C: 55)

5 Wilson et al. [29] 2014 The UK RCT N=1280 Poorly controlled T2DM patients
(I:644; C: 636)

6 Borgerman et al. [30] 2009 Belgium RCT N=2495 T2DM patients
(1:313; C:2182)

7 Wagner et al. [31] 2022 The US RCT N=122 T2DM patients
(:62; C: 60)

8 Nietal. [32] 2019 China CBA N=179 T2DM patients
(I: 88; C: 91)

9 Choe et al. [33] 2005 The US RCT N=65 T2DM patients
(I: 36; C: 29)

10 DICE [34] 1994 The UK RCT N=274 Adult patients with diabetes mellitus
(1:139; C: 135)

11 Hoskins et al. [35] 1992 Australia RCT N=141 Patients with diabetes
(1:69; C:72)

12 Basudev et al. [36] 2016 The UK RCT N=208 T2DM patients
(1:93;C:115)

Notes: CBA: controlled before-after analysis, RCT: randomized controlled trial, I: intervention group, and C: control group

progress, while the primary healthcare providers took
charge of the implementation of the plans and the follow-
up of patient health conditions in the case management.
The study by Choe et al. [33] incorporated a clinical phar-
macist only for assistance in the pharmaceutical plans for
individuals with diabetes. In another two studies [28, 30],
the specialist was an ophthalmologist providing comple-
mentary specialty care for the control of diabetic oph-
thalmopathy complications.

Regular case-based discussion meetings within the
teams were another common strategy employed in the
collaborations [26, 30, 35, 36]. Evaluations of glucose
control and risk factors [26], individualized management
plans for patients [36], and shared approaches to prob-
lem-solving in complex patient cases [30] were discussed
in these meetings. In the study conducted by Hoskins et
al. [35], patients were also involved in the case discus-
sion, and shared care was characterized by more com-
munication between patients, GPs, and specialists. Some
additional learning was also arranged for the primary
healthcare providers in the case discussions [36].

Two-way referrals of patients between specialists and
primary healthcare providers were employed in several
studies [25-27, 29, 32]. Specialists managed patients
referred from general practices and then referred them
back to primary healthcare for follow-up management
until satisfying control was achieved. Only one study
[27] involved co-consultation, where regular diabetes

clinics were set up in communities per week, with spe-
cialists working with community doctors to see patients
and jointly discuss treatment plans. Three studies [25,
34, 36] also utilized online information systems to assist
care delivery. The study by Zhang et al. [25] managed and
referred patients with diabetes through an application
on mobile phones. The other two studies [34, 36] used
computerized systems for remote communication and
consultations among primary healthcare providers and
specialists.

For outcome measurement, the primary outcome
measured in all 12 studies was the change in the level
of HbAlc before and after the intervention. Two stud-
ies [34, 36] showed null or negative results on the con-
trol of HbAlc after intervention. Additionally, several
other physiological outcome variables were also mea-
sured, including BP (blood pressure) in 6 studies [27, 29,
30, 34-36], LDL (low-density lipoprotein cholesterol) in
4 studies [27, 28, 30, 33], HDL (high-density lipoprotein
cholesterol) in 3 studies [27, 28, 30], and FBG (fasting
blood glucose) in 4 studies [25-28].

As for secondary outcomes measured, among the four
studies [30, 31, 34, 35] reporting healthcare utilization,
they all reported that patients in the intervention group
had more visits to primary healthcare institutions and
received more preventive care with nutrition, ophthal-
mology, and dentistry. Also, a greater decrease in hospi-
talization was found in the intervention group in Study
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Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Study 1 289 -1.5 0.16 170 -25 1.46 . -1.25[-1.42, -1.08] 10.46
Study 2 117 -1.3 1.70 116 -4 1.7 —a— -0.90[-1.34, -0.46] 8.76
Study 3 192 -1 1.62 188 -27 1.75 —& -0.73[-1.07, -0.39] 9.49
Study 4 53 -1.18 1.28 55 -77 124 —I— -0.41[-0.89, 0.07] 846
Study 5 644 -17 196 636 .02 1.84 —l— -0.19[-0.40, 0.02] 10.28
Study 6 313 -78 1.96 2,182 -33 1.48 - -0.45[-0.63, -0.27] 10.40
Study 7 62 -1.82 250 60 -95 .35 —— -0.87[-1.51, -0.23] 7.20
Study 8 88 -86 1.93 91 -08 .16 —— -0.78[-1.18, -0.38] 9.06
Study 9 36 -21 2.50 29 -9 2 —l— -1.20[-2.32, -0.08] 4.24
Study10 139 0 220 135 0 22 —— 0.00[-0.52, 0.52] 8.11
Study 11 69 -1.9 272 72 -15 291 —— -0.40[-1.33, 053] 5.23
Study 12 93 -6 1,70 115 -8 1.9 —l— 0.20[-0.30, 0.70] 8.31
Overall <> -0.57 [ -0.86, -0.27]
Heterogeneity: T2 = 0.21, I? = 88.17%, H? = 8.46
Test of 8, =6,: Q(11) = 93.02, p = 0.00
Testof 8 =0:z=-3.77, p=0.00 !

45-4-50 5 115

Fig. 2 Forest plots illustrating group data from the meta-analysis of HbA1c

(Notes: (1) N: sample size; Mean diff: mean difference; Cl: confidence interval; SD: standard deviation. (2) Heterogeneity: The T value estimates the abso-
lute between-study variance in effect sizes. The I* value quantifies variability across studies. H* measures the relative excess variability due to heterogene-
ity. Statistical significance is tested via Q-tests and Z-tests; (3) Study labels refer to individual trials or sources contributing to the meta-analysis. See Table 2

for detailed study characteristics.)

8 [32]. Studies [33-35] presented that physical measure-
ment and examinations were more frequent in the inter-
vention group. Patients in the intervention group also
showed more adherence to health behavior recommen-
dations from GPs, such as having a healthy diet [26, 30,
34] and doing physical activities [30]. Study 2 [26] and
4 [28] reported patients’ higher adherence to medica-
tion after the intervention. Of the 3 studies [25, 31, 34]
measuring patients’ health knowledge, two studies [25,
31] found significant improvement in health knowledge
among patients in the intervention group than in the
control group, while another study [34] showed no signif-
icant difference between the two groups. Different scales
were used to assess quality of life in 2 studies [31, 32].
One study [31] employed EQ-5D-5 L and Audit of Dia-
betes-Dependent Quality of Life, and the other [32] used
the SF-36 scale. Changes in medication and patients’ self-
management behaviors were measured and reported in
Study 12 [36] and Study 4 [28], respectively.

In terms of the intervention duration, one study [25]
had a duration of 6 months, 6 studies [26, 31-33, 35,
36] lasted 12 months, and 4 studies [28-30, 34] lasted
18 months or longer. As for study designs, the included

12 studies consisted of 5 CBAs and 7 RCTs. Usual care
or standardized care was employed in the comparison
groups of the 12 studies.

The result of meta-analysis on HbA1c

The meta-analysis was conducted on the direct health
outcome of glycemic control - the changes in HbAlc
level, as shown in the forest plot (Fig. 2). The mean differ-
ences and corresponding 95% confidence intervals (CI)
in the 12 studies were calculated using means, standard
deviations, and sample sizes. Mean differences to the
left of the vertical line favor the intervention, indicating
a greater HbAlc reduction in the intervention group.
Values to the right show no significant effect or worsen-
ing HbAlc levels compared to usual care. HbAlc level
decreased in most studies after the intervention, except
for Study 10 [34] (0.00, 95% CI: -0.52, 0.52) and Study
12 [36] (0.20, 95% CI: -0.30, 0.70). The overall effect esti-
mate of the interventions’ effectiveness on the HbAlc
was —0.57 (95% CI: -0.86, -0.27), indicating a greater
reduction in HbAlc level among diabetes patients in the
group with specialists involved in the primary healthcare
teams compared with the patients in the usual primary
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healthcare model group (Z = -3.77, p<0.01). The I* sta-
tistic was 88.17%, suggesting a high degree of heteroge-
neity across the 12 studies. Thus, further exploration of
the sources of heterogeneity was needed to better under-
stand the variations in the intervention effects across the
studies.

Subgroup analysis

To find out the source of heterogeneity, a subgroup
analysis was conducted based on the variations of study
characteristics, including study designs, the duration of
interventions, the average age of participants, and coun-
tries (Supplementary File 2 - Table 1).

The overall effect size of CBAs (-0.85, 95% CI: -1.17,
-0.53, ?=77.6%) was larger compared to that of RCTs
(-0.30, 95% CIL -0.55, -0.06, 1°=58.2%). However, the
heterogeneity among all CBA studies was still high with
an I? value of 77.59%, while the I statistics of RCTs was
58.20%. The overall effect size decreased with a lon-
ger duration of the intervention. Only one study imple-
mented 6-month intervention, demonstrating the largest
effect size of -1.25 (95% CI: -1.42, -1.08), while inter-
ventions lasting 12 months and 18 months or more had
effect sizes of -0.62 (95% CI: -1.03, -0.21, I>=65.6%) and
-0.30 (95% CI: -0.49, -0.11, I*=40.1%), respectively. Dif-
ferent from the effect size of -0.58 (95% CI: -0.97, -0.20,
I =47.5%) in 6 studies with participants aged less than 60,
the effect size in another 7 studies with participants aged
more than 60 was —0.55 (95% CI: -0.95, -0.16, I>=93.0%).
The subgroup analysis also revealed substantial variability
in effect sizes across countries. With the greatest hetero-
geneity, studies conducted in China had the largest effect
size (-0.85, 95% CI: -1.17 to -0.53, I>=77.6%), followed by
studies in the US (-0.95, 95% CI: -1.50 to -0.40, I* = 0%).
The effect sizes were smaller for studies conducted in the
UK (-0.16, 95% CI: -0.36 to -0.03, I*=0%) and Belgium
(-0.45, 95% CI: -0.63 to -0.27, I>=0%). Studies conducted
in Australia demonstrated a negligible effect size (0.03,
95% CI: -0.49 to 0.56, I*= 19.6%).

Risk of bias and sensitivity analysis

The risk of bias assessment for the included 12 stud-
ies was presented in Supplementary File 2 - Fig. 1. Nine
studies were at high risk of bias for the assessment of gly-
cemic control, and 3 were at unclear risk. No study was
at low risk. The 5 CBAs were all ranked as “high risk”
for random sequence generation and allocation conceal-
ment because CBAs inherently lack randomization in the
allocation of participants. Among the 7 RCTs, the ran-
domization procedure was fully described and ranked as
“low risk” for random sequence generation and alloca-
tion concealment. “Baseline outcome measurement simi-
lar” was recorded and reported in most studies, and only
one study [30] had the problem of the primary outcomes
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being imbalanced at baseline without any adjusted analy-
sis. A major source of bias identified across all studies was
the potential contamination between the control group
and the intervention group. In 5 studies [2, 3, 10-12], pri-
mary healthcare professionals working at the same prac-
tice were allocated to intervention or control groups with
different care models, in which communications between
professionals potentially influenced the usual care model
in the control group. For the item “Knowledge of the
allocated interventions adequately prevented during the
study’, all included studies were ranked as “low risk” as
the outcome measurement of HbAlc was objective. Data
collection and reporting of the outcomes were also rated
“low risk” in all 12 studies because they all reported the
outcomes of interest described in the method part of our
study.

In the sensitivity using the leave-one-out method, we
found that exclusion of the study with the largest effect
size [1] would result in a HbA1lc mean difference of -0.47
(95% CI -0.68 to -0.27, I> = 64.35%; Supplementary File 2
- Fig. 2). In the sensitivity analysis of studies not at high
risk of bias (# =3 studies), the overall HbAlc mean differ-
ence was —0.61 (95% CI: -1.24, 0.02, I>=69.67%; Supple-
mentary File 2- Fig. 3).

The certainty of evidence using the GRADE approach
for glycemic control was very low for all studies and was
still very low for both RCT and CBA subgroups (Supple-
mentary File 3 - Table 1). The major reasons for down-
grading the certainty of evidence were the risks of bias
and inconsistency across studies (Supplementary File 3
- Table 1). Specifically, all 5 CBAs were ranked high risk
due to the inherent flaws in their study design. In addi-
tion, two RCTs with unclear risk of bias had null or nega-
tive results, which were different from the positive results
for the glycemic outcome in other RCT studies.

Assessment of publication bias

A funnel plot was constructed based on the meta-anal-
ysis results and was presented in Supplementary File 2
- Fig. 4. The included 12 studies appeared to be evenly
distributed on either side of the vertical line, indicating a
low likelihood of publication bias in this study. Both Egg-
er’s regression and Begg’s tests were conducted to fur-
ther evaluate the possibility of publication bias. Egger’s
regression test revealed a bias coefficient of 1.16 with a
standard error of 1.73 (95% CI: -2.69, 5.00) and a p-value
of 0.52 indicating no significant publication bias. Simi-
larly, Begg’s test, with a p-value of 0.73, also suggested a
low risk of publication bias.

Discussion

This systematic review and meta-analysis included 7
RCTs and 5 CBAs with a total of 5944 participants to
evaluate the effectiveness of specialist involvement
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in primary healthcare teams on the control of glyce-
mic level. It was found that patients in the interven-
tion groups received more preventive care and had less
frequency of hospitalization. Improvements were also
observed in their health behaviors and medication adher-
ence. The meta-analysis, incorporating data from 12
studies, indicated that the services delivered through
specialist involvement in primary healthcare teams led
to lower HbAlc levels compared to the usual care deliv-
ered exclusively by family physicians or GPs in primary
healthcare institutions, with the mean difference of -0.57
(95% CI: -0.86, -0.27). Despite these positive findings, the
certainty of evidence was very low, limiting the generaliz-
ability of the interventions in the studies.

Diabetes mellitus is a long-term chronic disease that
needs continuous care from initial screening to follow-
up monitoring. However, the gap between comprehen-
sive and actual care was obvious given the complexity of
diabetes management and the limited number or quali-
fication of health professionals in primary healthcare
settings [10, 37]. The inclusion of various specialists,
such as pharmacists, diabetes specialists, endocrinolo-
gists, nutritionists, ophthalmologists, and dietitians,
could enhance the integrated and comprehensive nature
of diabetes care in primary healthcare [38, 39]. Different
expertise could target different needs in the whole diabe-
tes continuum from prevention to treatment, and then to
follow-up management [40, 41]. A previous systematic
review extensively explored the involvement of pharma-
cists in primary healthcare teams and their collaboration
[42]. Another meta-analysis conducted by Zarora et al.
[12] focused on endocrinologists. Both reviews had the
same conclusion that integrated care with proactive spe-
cialist involvement can result in modest improvements
in HbAlc. Our study, encompassing various specialist
types, showed the positive influence of including special-
ists with diverse diabetes-related expertise in primary
healthcare teams, although the certainty of evidence was
low.

Interventions in the 12 studies employed complex
collaboration strategies within the team, which might
be the key mechanism in the improvement of glyce-
mia control. Common collaborative strategies included
case management, two-way referrals, task sharing, co-
consultation, and regular educational meetings. Some
studies also incorporated remote technical support,
such as remote consultations and video meetings [34,
36]. Guidelines were also developed to facilitate the col-
laboration between specialists and primary healthcare
providers [32]. Implementing two-way referrals between
primary and specialty healthcare created a convenient
channel for critically ill patients to receive advanced
diabetes care while enabling patients with milder condi-
tions to be managed at the primary healthcare level, thus
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reducing the burden on specialty care and large hospi-
tals. In the task division within the team, specialists usu-
ally undertook the role of technical director and were
in charge of handling referrals, developing treatment
and management plans, and providing care for patients
with complications or difficulties in treatment [43]. Pri-
mary healthcare providers, including physicians and
nurses, were responsible for follow-up implementation
and patient education [44]. The interactive communica-
tions between specialists and primary healthcare workers
(such as co-consultations, discussion meetings, and edu-
cational conferences) provided them with opportunities
to discuss cases and stay up-to-date with the latest treat-
ment guidelines and helped improve primary healthcare
providers’ abilities in diabetes care [12]. Recently, digital
technology has gained popularity in diabetes care and it
can facilitate the collaboration between specialists and
primary healthcare providers when they worked in differ-
ent places. The use of digital technology in diabetes care
included monitoring patients’ health conditions, guiding
patients to self-management, and remote consultations
by specialists who could not be physically present at pri-
mary healthcare institutions [45]. In summary, imple-
menting the above collaboration strategies was crucial
for effective collaboration between primary healthcare
providers and specialists, resulting in effective diabetes
care.

There was considerable heterogeneity between the
studies which could be due to the interventions being
delivered in different healthcare settings, duration of
treatment, study designs, and degree of complexity of
the diabetes. Subgroup analysis on countries highlighted
the potential influence of healthcare system differences.
Countries with higher baseline care quality and more
equitable healthcare systems, like the UK [46, 47] and
Australia [48], may exhibit smaller effect sizes in studies
due to less room for improvement. Conversely, countries
facing greater healthcare challenges, such as the US [49]
and China [50], might show larger effect sizes when new
interventions are introduced. Additionally, the subgroup
analysis showed that interventions lasting more than 12
months exhibited a less significant effect compared to
those lasting only 6 months. This finding aligns with pre-
vious studies [51], which suggested that the benefits of
longer-term diabetes care interventions might diminish
over time, potentially due to reduced patient adherence,
intervention fatigue, or other unmeasured confounders.

The subgroup meta-analysis of RCTs demonstrated
more consistent results with lower heterogeneity than
CBAs. This may be attributed to the well-controlled
design of RCTs, which could get a more reliable esti-
mation of effects [52]. However, the effect size of RCTs
was significantly less than those of CBAs, suggesting
future studies adopt more rigorous designs to prevent
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the overestimation of effects. The subgroup analysis
based on age revealed that interventions in studies with
participants under 60 years of age showed an insignifi-
cantly larger effect size compared to those with partici-
pants aged 60 and older. However, the high heterogeneity
in studies with participants aged 60 and older indicated
considerable variability, possibly reflecting differences in
the severity and comorbidity of diabetes among the age
group.

The studies included in the review were mainly con-
ducted in China and high-income countries such as the
US, the UK, and Australia, which may restrict the gen-
eralizability of the findings to other settings, particularly
to other low and middle-income countries. Additionally,
the participants selected in the included studies were pri-
marily adults with T2DM and the impact of interventions
on their glycemic control. While this provided valuable
insights into the effectiveness of specialist participation
in managing T2DM, it may not fully capture the expe-
riences of other populations, such as those with type 1
diabetes (T1DM) or gestational diabetes, impacting the
generalizability of this review.

This study has several limitations. First, although
extensive efforts were made to identify all relevant stud-
ies, some unpublished studies or grey literature may have
been missed. However, a comparison with the list of stud-
ies included in a Cochrane systematic review [53] which
included over 500 RCTs focused on quality improvement
strategies for diabetes care indicated a minimal likeli-
hood of omitting significant publications. Secondly, the
inclusion of CBA studies, which had less methodologi-
cal rigor, may have influenced the precision and strength
of the evidence. While the results were statistically and
clinically significant, the pooled effect size in RCTs was
notably less than that of CBA studies. Thirdly, collab-
orative strategies employed in the included studies were
inherently multifaceted and involved different combina-
tions of strategies, making it challenging to identify what
types of collaboration strategies effectively improved the
quality of diabetes care. Furthermore, although subgroup
analysis was conducted to identify sources of heterogene-
ity, varied combinations of complex strategies across dif-
ferent studies might be the main factor contributing to
the high level of heterogeneity observed in the results.

In addition, the certainty of the evidence of this meta-
analysis result was very low, mainly due to the studies’
risks of bias and inconsistency. For included CBAs, they
were all ranked “high risk” in the study design, lowering
their strength of evidence. Whereas for included RCTs,
two of them presented null or negative outcomes in gly-
cemia control, weakening the consistency of the results.
The lack of significant outcomes in the 2 RCTs could be
linked to a methodological flaw in contamination pro-
tection because they randomized patients instead of
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primary healthcare practices. Thus, the improvements
in outcomes observed within the control group might
be partly explained by the contamination from the inter-
vention groups, which represented a plausible factor that
would narrow the gap between the intervention group
and the control group, resulting in a null result.

For policy-making and practice, the results revealed
the potential value of implementing interdisciplinary col-
laboration strategies, such as case management, two-way
referrals, and task sharing, to address the complexities
of diabetes care. The findings of this meta-analysis sug-
gested that integrating specialists into primary health-
care teams can enhance diabetes management through
improved care delivery, patient self-management, and
reductions in HbAlc levels. However, the very low cer-
tainty of evidence necessitated cautious interpretation
and application, and the effect might vary under different
healthcare system contexts and baseline quality of care.
Future interventions could focus on tailoring approaches
to specific populations, such as the elderly who appeared
to benefit less from the interventions. Moreover, policies
should prioritize supporting long-term patient adher-
ence to treatment plans, as the diminishing effectiveness
of longer interventions may be related to intervention
fatigue or reduced engagement.

Further research with a more rigorous design was
needed to complement evidence with higher quality and
certainty on this topic. Moreover, it is important to inves-
tigate whether the findings from this review can be gen-
eralized to other specialties and clinical disciplines within
primary healthcare, including various chronic conditions
or acute illnesses, and also to evaluate the effectiveness
of collaborative care in diverse populations. Also, con-
ducting comparative effectiveness research to assess the
impact of different collaborative care strategies would be
valuable if appropriate classification criteria are identi-
fied. Additionally, policies or practices could also benefit
from more studies to identify important contextual and
collaboration features that are essential in improving the
effectiveness of the partnership between specialists and
primary healthcare providers.

Conclusion

This study aimed to synthesize evidence through meta-
analysis regarding the effectiveness of specialist involve-
ment in primary healthcare practices. The findings
suggested that such interventions may lead to improve-
ments in care delivery, patient self-management behav-
iors, and modest reductions in HbAlc levels. However,
the evidence supporting these results was of very low
certainty, primarily due to the methodological limita-
tions and heterogeneity among the included studies. As a
result, these findings should be interpreted with caution
and applied selectively. In addition, policymakers and
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practitioners should carefully evaluate the adaptability of
such interventions to local contexts, especially in settings
with limited resources or different healthcare delivery
systems. Future research with more rigorous method-
ological designs could explore the effectiveness of spe-
cific collaboration strategies and identify factors that are
essential in improving the effectiveness of the partnership

(2025) 26:45

between specialists and primary healthcare providers.
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