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Abstract

Background

Residents of rural areas have poorer health status, less healthy behaviours and higher mor-

tality than urban dwellers, issues which are commonly addressed in primary care. Strength-

ening primary care may be an important tool to improve the health status of rural

populations.

Objective

Synthesize and categorize studies that examine interventions to improve rural primary care.

Eligibility criteria

Experimental or observational studies published between January 1, 1996 and December

2022 that include an historical or concurrent control comparison.

Sources of evidence

Pubmed, CINAHL, Cochrane Library, Embase.

Charting methods

We extracted and charted data by broad category (quality, access and efficiency), study

design, country of origin, publication year, aim, health condition and type of intervention

studied. We assigned multiple categories to a study where relevant.

Results

372 papers met our inclusion criteria, divided among quality (82%), access (20%) and effi-

ciency (13%) categories. A majority of papers were completed in the USA (40%), Australia

(15%), China (7%) or Canada (6%). 35 (9%) papers came from countries in Africa. The

most common study design was an uncontrolled before-and-after comparison (32%) and
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only 24% of studies used randomized designs. The number of publications each year has

increased markedly over the study period from 1-2/year in 1997–99 to a peak of 49 papers

in 2017.

Conclusions

Despite substantial inequity in health outcomes associated with rural living, very little atten-

tion is paid to rural primary care in the scientific literature. Very few studies of rural primary

care use randomized designs.

Introduction

The United Nations estimates that about 3.4 billion people worldwide live in rural areas [1].

Residents of these areas have poorer health status, are more likely to live in poor socio-eco-

nomic conditions, demonstrate less healthy behaviours, and tend to have higher mortality

rates than people who live in urban centres [1–6]. These disparities in health outcomes indicate

a greater need for health services that address these factors, and these services are usually deliv-

ered under the umbrella of primary care [7]. Countries and regions with stronger primary care

tend to have improved health outcomes, lower health system costs and reduced inequity in

health [7, 8]. It is important to note that the term primary care has many definitions and is

sometimes used interchangeably with the term primary healthcare. For the purposes of this

scoping review, we aimed to adopt a broad definition to capture a wide range of primary care

services. We used the Canadian Foundation for Healthcare Improvement (CFHI) policy docu-

ment (Toward a Primary Care Strategy for Canada) to guide many of the definitions used in

this review [9]. As such we adopted CFHI’s definition of primary care: “an inclusive term to

cover the spectrum of first-contact healthcare models from those whose focus is comprehen-

sive, person-centered care, sustained over time, to those that also incorporate health promo-

tion, community development and intersectoral action to address the social determinants of

health” to serve as the working definition for this scoping review [9].

Despite increased needs, rural populations are not as well-served as their urban counter-

parts and they experience more difficulty accessing primary care [10]. Lack of access to pri-

mary care in rural areas is in part due to the difficulty of retaining physicians and other

healthcare professionals in their communities [11]. Additionally, residents living in rural com-

munities often have to travel in order to access healthcare. This can pose an added burden to

individuals who do not have reliable transportation or have mobility issues. When travel is

required to access services, it may mean people have to leave their communities and families

and incur additional costs for accommodation and meals. Even when a person can access pri-

mary healthcare in their community, they may encounter additional barriers such as difficulty

contacting the physician or clinic to schedule an appointment and long wait times for appoint-

ments [12]. Specialist care is even less equitably distributed than primary care, suggesting a

greater need for services, such as an expanded scope of practice for rural primary care provid-

ers that can replace some of the care usually offered by specialists. The World Health Organiza-

tion highlights that remote populations face significant health disparities compared to both

urban and many rural areas due to their smaller size, isolation, and socioeconomic disadvan-

tages [13]. Geographic isolation and sociocultural differences also intensify healthcare short-

ages in remote areas. Thus, addressing these challenges requires interventions focused on

increasing healthcare access, ensuring equitable quality of care, and prioritizing patient-cen-

tered approaches.
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Improving primary care is an important step toward improving health outcomes in rural

and remote communities, and this will likely require a multifaceted approach. This scoping

review synthesizes and categorizes studies that have evaluated interventions to improve pri-

mary care in rural and remote settings and it is the first comprehensive review to do so.

Because of the breadth of literature we expected to find in terms of number of papers and

diversity of study designs, interventions and outcomes, we elected to use scoping methodology

with high-level data extraction rather than more detailed extraction and synthesis of a system-

atic review [14]. Following guidance for scoping reviews as described in our methods below,

the purpose of this review is to provide an overview of the types of available evidence regarding

interventions to improve primary care in rural and remote settings and identify the key char-

acteristics of this body of literature (e.g., the health topics and interventions studied), health

topic areas ready for systematic review, and knowledge gaps.

Method

Design

We used the refined Arksey and O’Malley [15] six-stage framework to structure our methods

[16]. We followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses

extension for Scoping Reviews (PRISMA-ScR) checklist and the Johanna Briggs Institute man-

ual to enhance review quality and reporting [14, 17].

Stage 1: Developing the research question. We were interested in describing all studies

that reported on the evaluation of a program or intervention designed to improve health care

and that was implemented in a rural or remote primary care setting. We organized the papers

by the outcomes studied, according to three broad categories listed by a prominent primary

care policy document [9]. We assigned papers to multiple categories where appropriate:

1. Quality of primary care: We classified studies addressing healthcare quality loosely based

on the Institute of Medicine’s “domains of health care quality [18].” The efficiency domain

was further divided and included in a separate heading below.

a. Evidence-based practice

b. Clinical outcomes

c. Patient experience

d. Equity of care

e. Patient safety

2. Access to primary care: Multiple policy documents recommend that patients have access to

a regular, identifiable primary care provider or team and timely access to primary care

through arrangements that facilitate 24/7 access to appropriate services [9, 13, 19]. We thus

subdivided this statement into the following two access topics:

a. Access to a primary care provider

b. Access to primary care services

3. Efficiency of primary care: The primary care system should continually seek to reduce

waste and cost of supplies, equipment, space, capital, ideas, time and opportunities [9]. This

broad category includes the following outcome variables:

a. Wait Times
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b. Healthcare utilization

c. Costing and cost-effectiveness

Setting. There is broad disagreement among researchers, policy makers, and community

members about the best definition of rural, and the appropriate definition likely varies with

the circumstances [20]. To maximize inclusiveness for this review, we have elected to accept

any program described as rural or remote by the paper’s authors. As described in the introduc-

tion we used the CFHI’s definition of primary care, “an inclusive term to cover the spectrum

of first-contact healthcare models from those whose focus is comprehensive, person-centered

care, sustained over time, to those that also incorporate health promotion, community devel-

opment and intersectoral action to address the social determinants of health” as the working

definition for this review [9]. This definition allows for a broad range of interventions for

inclusion; examples of interventions that were included and excluded following this definition

can be found in Table 1. Additionally, in piloting this definition during our screening process,

we realized reporting was not always clear and we amended the definition to maximise study

inclusion to also accept any program described as being implemented in primary care by the

paper’s authors.

Study design and language. The search was limited to papers written in English. All rando-

mised and non-randomised experimental or observational designs were included (e.g., rando-

mised controlled trials, controlled before-after studies, uncontrolled before-after studies,

interrupted time series and observational/cohort studies). Non-experimental studies such as

descriptive studies or chart reviews were excluded. We developed a protocol a priori but did

not publish prospectively.

Table 1. Screening template for full text study review.

Inclusion criteria Exclusion criteria

Population: Any patients Population: No exclusions

Setting: Primary care–if the intervention is delivered:

• by a family physician (either individually or as part of a

comprehensive/collaborative care team) or by another

primary care provider or

• was delivered as part of a public health community

intervention such as screening but involved a primary care

service at some part of the delivery or

• in a setting that is described as primary care in the individual

study

Setting: Primary care–if the intervention is

delivered:

• within normal hospital services, emergency

medicine, paramedicine, dental care

Note: exceptions are if the primary care service/

provider is situated within a hospital

Setting: Rural/remote geographic areas

• as defined in each paper

Setting: Rural/remote geographic areas

• urban geographic area

Study designs: All randomised and non-randomised

experimental or observational study designs

• randomised controlled trials

• controlled before-after studies

• uncontrolled before-after studies

• interrupted time series

• observational/cohort studies

Study designs: All non-experimental studies

(those without a comparison group)

• descriptive studies

• chart reviews

Outcomes:

• Access to primary care

• Quality of care

• Efficiency/cost of care

Outcomes: Any outcomes unrelated to access,

quality or efficiency.

https://doi.org/10.1371/journal.pone.0305516.t001
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Stage 2: Identifying relevant studies. An experienced information specialist completed

an electronic literature search for articles reporting the evaluation of a program or intervention

to improve rural healthcare, initially between January 1, 1996 and December 30, 2022 and cat-

aloged in the following databases: Cumulative Index to Nursing and Allied Health Literature

(CINAHL), the Cochrane Library, Embase, and PubMed. A sample electronic search strategy

is included in S1 Appendix.

Stage 3: Study selection. Articles were downloaded to Covidence systematic review soft-

ware [21] and duplicates removed. Initial screening of titles and abstracts (and full-text review)

was completed by two reviewers independently using pre-specified eligibility criteria (Table 1).

During both these screening stages, a third reviewer mediated disagreements to reach a final

decision about study inclusion.

Stage 4: Charting the data. Data extraction from each paper was initially completed by

one reviewer (MH, HO, BF, CP) and double checked by a second author (KB, AP, BF) using a

data extraction template. Discrepancies were reviewed with a senior author (AH). Data related

to study characteristics, publication year, country, study design, study aim, intervention

description, and types of outcomes assessed including assessment methods and measurement

tools was extracted verbatim. The information was coded where possible; the intervention

description was assigned a category code that was defined by the author team after reviewing

all interventions descriptions for overarching themes as described in Table 2, and the out-

comes were coded into one of the twelve possible outcomes within the three major categories

as defined on page 4 under the subsection “Stage 1: Developing the Research Question”.

Stage 5: Collating, summarizing and reporting the results. An overall summary of all

included studies was conducted using descriptive statistics to summarize study characteristics,

evaluation characteristics and types of outcome categories assessed. For each of the three out-

come categories (i.e., access, quality and efficiency), studies were summarised together accord-

ing to the sub-outcome measured within that category. For each sub-outcome, a tabular

summary of the individual study characteristics, aim, intervention code and description and

the outcome assessment information were provided. Where applicable, the tabular summaries

are organised by the health topic studied. Due to the large amount of data, we have included

these tabular summaries in the online supplementary files. Consistent with guidance on scop-

ing reviews, we did not appraise methodological quality or risk of bias in the included articles

[14, 15].

In addition to summarizing study characteristics and health topic areas covered within

each of the main outcomes, we also completed a content analysis for each outcome category to

provide readers with a high-level content summary, organized by health topic. For this analy-

sis, we included health topics that were assessed in three or more studies. We also assessed this

literature for its readiness for systematic or in-depth scoping review and to identify knowledge

gaps—those areas where additional research is required. The criteria we used to make these

judgements is presented in Box 1.

Stage 6: Stakeholder engagement. This review is a product of consultation between one

of our authors (JR) and the Atlantic Canadian premiers and was completed with guidance

from the Atlantic Canadian Ministries of Health. In an effort to progress on evidence-

informed rural health policy, these stakeholders were interested to know the overall state of sci-

ence regarding rural primary care. After compiling the results of the review, members of our

team met with additional health policy and programming stakeholders to review the broad

state of rural primary healthcare knowledge. In so doing, they also helped us determine areas

within the broader body of literature where a deeper, narrative review of the literature would

be helpful, which our team will focus on in several future planned reviews.
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Results

The literature search returned 6,592 citations; 6,220 of those were excluded (Fig 1) leaving 372

articles for data extraction and synthesis [22–390]. Details on article characteristics are pre-

sented in S2 Appendix. Briefly, the majority of articles were published after 2010 with an

Table 2. Definition of intervention codes.

Intervention Code Definition

Medical education (selective

recruitment)

A medical education program that is tailored to training rural physicians OR

has selective criteria for accepting rural students OR offers a program tailored

to recruit and retain rural physicians

Medical education (exposure to

rural practice)

A medical education program for training in family medicine or that

integrates rural curriculum content with the opportunity to train in a rural

setting

Financial incentive The use of scholarships or “loan-forgiveness” for prospective medical students

as a method of recruitment to a particular medical education program OR

offering a financial incentive to physicians to encourage them to practice and

remain in a rural area OR using a financial incentive to promote adherence to

evidence-based guidelines.

Well-being The introduction or development of a program to support the social and

psychological well-being of practicing rural physicians as a method to

encourage them to continue practicing in rural areas (including improving

working conditions).

Expanded scope of practice Health care providers taking on a new skill or provide a new service (e.g.,

nurse taking on a responsibility normally covered by a family doctor or a

family doctor providing more specialized care).

Telehealth or virtual care Using telehealth or other virtual systems to administer primary care

appointments OR using technology to allow patients to access their health

information or book/have appointments with healthcare professionals online.

Coordination/referral pathways Increase referral to existing services by improving awareness or easing the

referral process, etc.

Training of lay-persons Recruiting and training members of the community to provide a set of health

care and/or health care coordination services for patients in the community

OR to implement best practices for a particular health topic/condition.

Healthcare provider training Healthcare providers completing additional education on evidence-based

practices for a particular health topic.

Transportation Implementing a new transportation service to improve access or care for rural

patients.

Decision support Intervention to assist healthcare provider decision making and/or inform

healthcare providers of best practices regarding a healthcare topic or

condition.

Reorganization of services Reorganization of healthcare services to better align with evidence-based

guidelines or to use a previous service or treatment in a novel way to optimize

care.

Increasing staff resources Increase of staff allocation or improved clinic resources to improve a service.

Patient education/navigation Patients completing additional education on evidence-based practices for a

particular health topic or condition relating to their own health. This could

include group or individual sessions with a knowledgeable healthcare

provider, or the distribution of educational materials.

Screening Increased or added screening measures in order to adhere to guidelines

Audit and feedback Analyzing a targeted behaviour/performance over a specific period and

providing feedback on the behaviour/performance to health professionals.

Implementing a new service Implementing a novel service to address a healthcare need or improve upon

previous care.

Note: Intervention codes were defined by the review team. They were based on similarities among interventions

included in the papers and refined to produce the best overall descriptor code and definition.

https://doi.org/10.1371/journal.pone.0305516.t002
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increase in the number per year beginning in 2015 that peaked in 2017 before beginning to

decline (Fig 2). The majority were conducted in the United States (40%), Australia (15%) and

China (7%) (Table 3). Many study designs were used to evaluate interventions, the most com-

mon of which were uncontrolled before-and-after (32%) followed by randomized trials (24%),

prospective or retrospective cohort (18%), controlled before-and-after (11%), and cross-sec-

tional studies (11%). In terms of outcome categories, the majority of studies (n = 306) assessed

outcomes relating to quality of care focusing on improving desired health outcomes for

patients and adherence to evidence-based standards (S3 Appendix). Seventy-six studies

assessed access to primary care largely focusing on recruitment and retention of family physi-

cians and access to services (S4 Appendix). Forty-seven studies assessed outcomes related to

improving the efficiency of primary care services in rural areas (e.g., cost of delivery, healthcare

use; S5 Appendix). A description of the studies for each outcome category is presented in the

following sections.

Quality of care

Three-hundred and six articles (82%) reported on interventions aimed at improving the qual-

ity of primary care provided in a rural/remote setting. Seventy-two percent (n = 230) focused

on improving the health outcomes of patients; 30% (n = 112) aimed to improve adherence to

or adoption of evidence-based practices, 11% (n = 34) aimed to improve quality of care via

enhancing patient experience, 1% (n = 4) studies aimed to improve equity of care, and only

one study assessed patient safety. A detailed breakdown of all intervention types, study designs,

individual study outcomes, and outcome measurements for quality-of-care studies can be

found in S3–S7 Appendices. We have summarized the data in the following sections.

Evidence-based practice (n = 112). Nearly three quarters of the 112 articles that aimed to

improve quality of care via improving adherence to/adoption of evidence-based practices were

published between 2010–2022. They were conducted in a broad range of countries, but just

over half were conducted in either the United States (n = 35) or Australia (n = 20). Provider

education/training (n = 35), improving coordination/referral pathways (n = 14), and patient

education (n = 12) were the most frequent interventions employed. The studies were largely

uncontrolled before-after studies (n = 42), randomized controlled trials (n = 32). The most

commonly studied guidelines or recommendations were related to diabetes (n = 21), mental

health care (n = 13), cancer screening (n = 12). Table 4 provides a content summary analysis

for the nine health topics that were assessed in three or more studies. Of note, several papers

Box 1: Judgement criteria to assess directions for future research.

Systematic review We recommended systematic review when we found at least three studies

on a health topic with apparent similarity in interventions and outcomes

that could be used to form a clear PICO question.

In-depth scoping review We recommended in-depth scoping review for health topics for which clear

PICO questions cannot be easily discerned (i.e., there is high variation

across outcomes and interventions across the identified studies).

Additional research required

(knowledge gaps)

We recommended additional research for topic areas in which:

1) higher quality (controlled) studies are feasible but not evident in the

literature base

2) controlled studies may not be feasible, but for which the quality of

uncontrolled studies could be improved

3) there were few studies all of which were investigating different

interventions and outcomes

4) there were very few studies evident in the literature base.
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did not assess a specific health topic (e.g., they were studying an intervention applicable to any

condition). Information on these studies can be found in S3 Appendix. We judged three topics

to be ready for systematic review: cancer (n = 12), CVD (n = 5) and respiratory infections

(n = 4). Meta-analysis for each of these topics may not be possible and they would therefore

Fig 1. Prisma flow diagram depicting flow of studies through the screening process.

https://doi.org/10.1371/journal.pone.0305516.g001
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require some degree of narrative synthesis based on differences in interventions. We judged

an additional 4 topic areas that would benefit from in-depth scoping review including diabetes

(n = 21), mental health (n = 13), asthma (n = 6) and pregnancy-related studies (n = 4). We

believe additional research is required for chronic disease (n = 3) and HIV (n = 3). For both

these topic areas the studies we found in both areas were not testing similar interventions or

assessing similar outcomes. Additionally, we found very few studies in 23 topic areas including

antibiotic prescribing, atrial fibrillation, back pain, chronic lung disease, COPD, dental care,

epilepsy, hypertension, malaria, maternal and child health, neonatal care, obstetrics, palliative

care, PCOS, post-abortion care, preventative care, sexually-transmitted infections, skin infec-

tions, sleep, speech impairments, surgery, vaccinations, vision impairments.

Clinical outcomes (n = 230). Just over two thirds of the 158 studies focused on improving

quality of care via improvements to clinical outcomes were published between 2010 and 2022.

The studies were conducted in 45 different countries, with the majority originating in the

United States (n = 100), Australia (n = 30), China (n = 16) and Canada (n = 11). Interventions

commonly involved educating patients on evidence-based practices for a particular health

topic or condition relating to their own health (n = 43), reorganizing health services to opti-

mize care (n = 29), expanding the scope of practice for healthcare professionals (n = 24), ups-

killing or training healthcare professionals on evidence-based practices for a particular topic

(n = 22), implementing a new service (n = 14), and improving co-ordination/referral pathways

(n = 14). Some papers examined a single intervention while others examined a combined

intervention (e.g., provider education/training + patient education), and papers may therefore

be counted multiple times in the list above. The most common conditions included diabetes

(n = 48), mental health (n = 34), hypertension (n = 13), and cardiovascular disease (n = 12).

The most common study designs included uncontrolled before-after (n = 75) and randomized

controlled trials (n = 68). Other designs reported included controlled before-after studies

Fig 2. Number of publications by year.

https://doi.org/10.1371/journal.pone.0305516.g002
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(n = 24), cross-sectional studies (n = 16), prospective cohort studies (n = 15), cohort studies

(n = 14), retrospective cohort studies (n = 11), interrupted time series (n = 5) and Markov

modelling (n = 2). Table 5 provides a content summary analysis for the 17 health topics that

were assessed in 3 or more studies. Of note, several papers did not assess a specific health topic

(e.g., they were studying an intervention applicable to any condition). Information on these

studies can be found in S4 Appendix. We judged 7 topic areas to be ready for formal systematic

review including CVD (n = 12), weight management (n = 9), pain management (n = 8), pallia-

tive care (n = 3), alcohol use (n = 3), stroke rehabilitation (n = 3), vaccination (n = 4), and sex-

ually transmitted infections (n = 3). We judged 4 topic areas that would clearly benefit from an

in-depth scoping review including diabetes (n = 48), mental health (n = 34), hypertension

(n = 13) and cancer (n = 8). Additional research is required in four topic areas: HIV (n = 7),

asthma (n = 6), chronic disease (n = 4), pregnancy (n = 3) and COPD (n = 3). Within each

topic area there was a need for studies using controlled designs. The interventions and out-

comes reported within each area were also highly variable. Additionally, we found very few

studies in numerous areas including atrial fibrillation, burn rehab, chagas disease, childhood

Table 3. Number of studies by economic status, country, and geographic region.

Economic

status

East Asia and

Pacific (N = 95)

Europe and Central

Asia (N = 34)

Latin America and the

Caribbean (N = 10)

Middle East and

North Africa (N = 11)

North America

(N = 172)

South Asia

(N = 14)

Sub-Saharan

Africa (N = 40)

Low (N = 15) Burkina Faso

(N = 5)

Ethiopia (N = 4)

Mali (N = 1)

Niger (N = 1)

Rwanda (N = 2)

Uganda (N = 2)

Lower-Middle

(N = 33)

Philippines (N = 1) Bolivia (N = 1)

Haiti (N = 1)

Egypt (N = 1)

Iran (N = 1)

Lebanon (N = 1)

India

(N = 11)

Nepal (N = 2)

Pakistan

(N = 1)

Cameroon (N = 1)

Eswatini (N = 1)

Ghana (N = 1)

Kenya (N = 3)

Lesotho (N = 1)

Nigeria (N = 4)

Tanzania (N = 1)

Zambia (N = 1)

Upper-Middle

(N = 47)

China (N = 26)

Indonesia (N = 1)

Thailand (N = 1)

Brazil (N = 1)

Argentina (N = 1)

Costa Rica (N = 1)

Dominican Republic

(N = 1)

Guatemala (N = 1)

Mexico (N = 2)

South Africa

(N = 12)

High (N = 276) Australia (N = 54)

Japan (N = 3)

Korea (N = 2)

New Zealand

(N = 5)

Taiwan (N = 2)

Croatia (N = 1)

France (N = 3)

Germany (N = 3)

Greece (N = 2)

Ireland (N = 2)

Norway (N = 4)

Poland (N = 1)

Spain (N = 3)

Sweden (N = 2)

United Kingdom

(N = 13)

Chile (N = 1) Israel (N = 2)

Saudi Arabia (N = 1)

Canada

(N = 22)

United States

(N = 150)

Notes: The total N in this table will not add up to the total N for the paper as some studies were conducted in multiple countries. Economic status was determined using

the World Bank’s classification system (see here for more details: https://datahelpdesk.worldbank.org/knowledgebase/topics/19280-country-classificatio

https://doi.org/10.1371/journal.pone.0305516.t003
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Table 4. Content summary for quality—Evidence-based medicine (health topics that were assessed by 3 or more studies are reported in the content summary).

Topic

Study (n)

Countries, Year Range Intervention Study

Design

Adherence*
measured? Y/N/

U & Type

Content Summary Suggestions for future research

Diabetes

(n = 21)

2000–2021

US (8), China (5), Aus

(3), Cameroon (1),

CAN (1), NZ (1),

Philippines (1), Spain

(1)

Service Changes

(10)

Provider

training +/-

other strategies

(8)

Patient

education (3)

RCT (7)

CS (3)

US (11)

Yes (6)

Unclear (15)

Varied

Twenty-one studies assessed

interventions that aimed to improve

adherence to some aspect of

guideline-based care for diabetes.

There was wide variation in or lack of

reporting for the aspect of care that

was trying to be improved. The

interventions also varied but provider

education was the most consistent.

Service changes was also popular but

there was wide variation in the types

of changes used. 30% used a RCT

design and a further 14% used a

control group but over half were

uncontrolled.

In-depth scoping review

There are a number of provider

training interventions that have been

tested using an RCT. However, there

is a degree of variation in the

interventions tested in this category

that would benefit from further

investigation to form meaningful

PICOs for a systematic review.

Mental

Health

(n = 13)

Aus (4), US (4), India

(2), Canada (1), Mali

(1), South Africa (1)

Provider

training +/-

other strategies

(8)

Service Changes

(5)

RCT (2)

CS (1)

US (10)

Yes (7)

Unclear (2)

Varied

Other-Provider

knowledge/

attitudes/skills (6)

Thirteen studies assessed

interventions that aimed to improve

adherence to some aspect to

guideline-based care for mental

health. Just over half used provider

training as the intervention. The

remaining intervention types

included some change in service

structure but were assessed in less

than 3 studies. For the provider

training interventions 2 used an RCT

design and 1 used a controlled

before-after study and the remainder

were uncontrolled studies.

In-depth scoping review

There are a number of provider

training or service changes

interventions evaluated, but most in

uncontrolled studies using a range of

different outcomes. A scoping review

would be beneficial to form

meaningful PICOs for future studies

or a systematic review.

Cancer

(n = 12)

1999–2017

US (8), Egypt (1),

Greece (1), NZ (1),

UK (1)

Service Changes

(5)

Provider

training +/-

other strategies

(4)

Patient

education (3)

RCT (5)

CS (1)

US (6)

Yes (10)

Unclear (2)

Screening rates

or referral (10)

Twelve studies assessed interventions

that aimed to improve adherence to

some aspect to guideline-based care

for cancer. The main guideline was

screening rates or referral to a

screening procedure such as

colonoscopy. Just over half used

provider or patient education and the

remainder used some change to

service structure or mass screening or

audit and feedback but were each

assessed in less than 3 studies.

Systematic review

Four provider training interventions,

all in the US and all RCTs, show

promise for a systematic review.

However, aims and outcomes will

need more assessment for a meta-

analysis. Other interventions would

be suited to a narrative synthesis.

Asthma

(n = 6)

2001–2017

US (3), CAN (2), Aus

(1)

Provider

training +/-

other strategies

(4)

Patient

education (2)

RCT (1)

CS (1)

US (4)

Yes (4)

Unclear (2)

Varied

Six studies assessed interventions that

aimed to improve adherence to some

aspect to guideline-based care for

asthma. 4 studies used provider

education and 2 used patient

education interventions. Multiple

adherence outcomes were assessed,

however, completion of Asthma

action plans used in at least 3 studies.

There was only one study that used a

RCT design and one that used a

control group the remainder were

uncontrolled.

In-depth scoping review

(Continued)
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Table 4. (Continued)

Topic

Study (n)

Countries, Year Range Intervention Study

Design

Adherence*
measured? Y/N/

U & Type

Content Summary Suggestions for future research

CVD

(n = 5)

2011–2019

China (2), Aus (1),

Indonesia (1), NZ (1)

Service Changes

(3)

Patient

education (2)

RCT (2)

CS (2)

US (1)

Yes (5)

Varied

Five studies assessed interventions

that aimed to improve adherence to

some aspect to guideline-based care

for CVD. Four studies had a control

group, 2 of which were RCTs. No

intervention type was assessed in 3 or

more studies.

Systematic review

Due to heterogeneity of

interventions, a narrative synthesis

may be warranted.

Pregnancy

related

(n = 4)

2016–2018

Burkina Faso (1),

Dominican Republic

(1), Ethiopia (1),

Guatemala (1)

Service changes

(4)

RCT (1)

US (3)

Yes (3)

Unclear (1)

Varied

Four studies assessed interventions

that aimed to improve adherence to

some aspect to guideline-based care

for pregnancy related topics. One

study was an RCT and the rest were

uncontrolled. No intervention type

was assessed in 3 or more studies

Additional research

Respiratory

infection

(n = 4)

2017–2019

China (3), US (1) Provider

training +/-

other strategies

(3)

Patient

education (1)

RCT (3)

US (1)

Yes (3)

Unclear (1)

Antibiotic

prescribing (3)

Four studies assessed interventions

that aimed to improve adherence to

some aspect to guideline-based care

for respiratory tract infections. three

studies were RCTs and one was

uncontrolled. Provider education

with and without patient education

was assessed in 3 studies.

Systematic review

Chronic

Disease

(n = 3)

2009–2017

Aus (2), CAN (1) Service Change

(3)

RCT (1)

US (2)

Yes (3)

Varied

Three studies assessed interventions

that aimed to improve adherence to

some aspect to guideline-based care

for chronic disease. One study was an

RCT and two were uncontrolled. No

intervention type was assessed in 3 or

more studies.

Additional research

HIV

(n = 3)

2016–2020

South Africa (3) Provider

training +/-

other strategies

(1)

Patient

education (1)

Service Changes

(1)

RCT (1)

US (2)

Yes (3)

Varied

Three studies assessed interventions

that aimed to improve adherence to

some aspect to guideline-based care

for HIV. One study was an RCT and

two were uncontrolled. No

intervention type was assessed in 3 or

more studies.

Additional research

Notes:

Guideline adherence: This outcome would be a measure of provider adherence to the particular guideline, recommendation, medical directive or policy change that the

intervention was trying to change. It may be reported as adherence to individual recommendation(s) or a composite score of multiple recommendations. The

recommendations may not be the same across studies and this does not preclude meta-analysis depending on the question of interest.

Study design: RCTs include individual and cluster RCTs, CS include non-randomized studies with a control group (i.e. controlled before-after studies and interrupted

time series, US includes all studies without a pre-assigned control group (uncontrolled before-after, cohort studies or cross sectional studies)

Interventions: Due to the many types of interventions that could not all be easily listed in this table, “service change” was used to capture any of the intervention codes

which involved changing some aspect of the health system (extended scope of practice, telehealth/virtual care, co-ordination/referral pathways, reorganization of service

or implementation of a new service).

Data not included in this table: Health topics that were assessed in 2 or less studies include: Antibiotic prescribing, Atrial fibrillation, Back pain, chronic lung disease,

COPD, Dental care, epilepsy, Hypertension, malaria, maternal and child health, neonatal care, obstetrics, palliative care, PCOS, post abortion care, preventative care,

sexually transmitted infections, skin infections, sleep, speech impairments, surgery, vaccinations, vision impairments. Topic areas without a specific health topic: Three

health areas did not include a specific health topic and were not included for this content summary: general health without a clear health topic and medication related

topics.

https://doi.org/10.1371/journal.pone.0305516.t004
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Table 5. Content summary quality—Patient clinical outcomes (health topics that were assessed by 3 or more studies are reported in the content summary).

Topic

Study (n)

Year Range

Countries, Year Range Intervention Study

Designs

Outcome Content Summary Suggestions for future research

Diabetes

(n = 48)

2001–2022

US (21), Aus (9), China

(4), Can (3), Spain (2),

Brazil (1), Cameroon (1),

Costa Rica (1), Israel (1),

NZ (1), Pakistan (1),

Philippines (1), Saudi

Arabia (1)

Service change

(23)

Patient education

+/- other

strategies (21)

Provider training

(4)

RCT

(13)

CS (6)

US (29)

HBA1C (30) 48 studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with diabetes (e.g. HBA1c).

Other common outcomes

included fasting plasma

glucose, weight, height,

cholesterol and blood pressure.

Patient education (with or

without additional strategies)

was the most frequently used

intervention. Interventions

related to service change in

some way including extending

scope of practice a non-

physician to deliver a diabetes

primary care service and lastly

provider training (with or

without another strategy) was

also used. 27% of studies used

a RCT design with a further

13% using a control group.

The remainder were

uncontrolled designs.

In-depth scoping review.

This area shows promise for a

systematic review and potential
meta-analysis. However due to

the wide variation in

interventions and outcomes, an

in-depth scoping review is

recommended to clarify research

question viability would likely be

more beneficial at this time.

Given the variation in context, a

realist review approach may also

be suitable.

Mental Health

(n = 34)

2000–2022

US (19), Aus (3), India

(2), UK (2), Chile (1),

Ethiopia (1), Ireland (1),

Japan (1), Lesotho (1),

Mali (1), Rwanda (1),

South Africa (1)

Service change

(22)

Patient education

+/- other

strategies (6)

Provider training

(6)

RCT (5)

CS (4)

US (25)

Outcomes varied by

condition and aim.

Depression

symptoms and

quality of life were

common.

34 studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with mental health. 44% of the

studies focused on depression

+/- anxiety, 24% focused on a

broader range of multiple

mental health conditions and 3

or fewer studies focused on

ADHD, autism or suicide risk.

There was a wide variety of

interventions used. Service

changes were the most

common with collaborative

care or adding a new service

delivered by a nurse or mental

health worker being among

the most common. 15% used

an RCT design and a further

9% used a control group the

remainder were uncontrolled

studies.

In-depth scoping review.

This area shows promise for a

systematic review and potential
meta-analysis. However due to

the wide variation in population,

interventions and outcomes, an

in-depth scoping review is

recommended to clarify exact

PICO questions. Given the

variation in context, a realist

review approach may also be

suitable.

Hypertension

(n = 13)

1997–2021

US (7), China (2), Canada

(1), Taiwan (1), Zambia

(1), UK (1)

Patient education

+/- other

strategies (6)

Provider training

only (1)

Service change (6)

RCT (4)

CS (2)

US (7)

Blood pressure (11)

Blood pressure

control (1)

Stroke risk (1)

Thirteen studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with hypertension (e.g. blood

pressure). Patient education

was the most common type of

intervention tested. 31% used

an RCT design and a further

15% used a control group, the

remainder were uncontrolled.

In-depth scoping review

While all studies assessed a

common outcome of blood

pressure, the multicomponent

heterogeneous nature of most

interventions may suggest an in-

depth scoping review is

warranted to confirm feasible

research questions for a

systematic review or realist

review.
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Table 5. (Continued)

Topic

Study (n)

Year Range

Countries, Year Range Intervention Study

Designs

Outcome Content Summary Suggestions for future research

CVD

(n = 12)

2000–2019

US (2), UK (2), China (2),

Aus (1), India (1),

Indonesia (1), New

Zealand (1), Poland (1),

Sweden (1)

Patient education

+/- other

strategies (6)

Provider training

only (1)

Service change (5)

RCT (2)

CS (4)

US (6)

CHO (5)

Blood pressure (8)

CVD risk (4)

Twelve studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with CVD (e.g. CHO, BP or

CVD risk). Half of the studies

used patient education and the

remainder used different types

of changes in service structure.

17% of the studies used a RCT

design and a further 33% used

a control group, the remainder

were uncontrolled studies.

Systematic review (with realist

review approach)

This area shows promise for a

systematic review with a

potential meta-analysis of

patient education interventions

and narrative synthesis of other

service change interventions

may be warranted. Additionally,

a realist review approach may be

used to explore impact of

context.

Weight mgmt.

(n = 9)

2008–2022

US (8), Aus (1) Patient education

+/- other

strategies (7)

Service change (2)

RCT (6)

US (2)

weight change (6)

BMI (3)

Unclear (2)

Nine studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with weight management (e.g.

change in weight and BMI).

The most common

intervention type followed

distantly some type of change

in service structure. 67% of the

studies used a RCT design and

the remaining studies were

uncontrolled.

Systematic review.

This area shows promise for a

systematic review and a potential

meta-analysis for patient

education interventions for

weight loss.

Cancer

(n = 8)

1998–2017

US (3), Aus (3), Nepal (1),

Sweden (1)

Service change (5)

patient or

provider

education (2),

audit and

feedback (1)

RCT (4)

US (4)

Varied Eight studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with cancer. However, within

this category, there were five

different cancer types being

studied (breast, cervical,

colorectal, skin and multiple

types) and the outcomes were

also quite varied from cancer

awareness to screening to

patient satisfaction and quality

of life. Interventions also

varied with no single

intervention type used in more

than 2 studies. 50% of studies

used a RCT design and the

remainder were uncontrolled.

In-depth scoping review.

While this area did have high

quality study designs, the

heterogeneity in cancer types,

interventions and outcomes

make it hard to recommend any

specific question for a systematic

review. This area may benefit

from a more in-depth scoping

review to confirm questions for

a systematic review.
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Table 5. (Continued)

Topic

Study (n)

Year Range

Countries, Year Range Intervention Study

Designs

Outcome Content Summary Suggestions for future research

Pain Mgmt

(n = 8)

2001–2020

US (5), Canada (2), UK

(1)

Patient education

(5)

Services change

(3)

RCT (2)

CS (3)

US (3)

Pain intensity (2)

Disability (4)

Medication (2)

Eight studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with pain mgmt. (pain

intensity or disability or

changes in medication).

Patient education was the most

common intervention type

and the remainder used

different types of changes to

service structure. 25% used a

RCT design and a further 38%

had a control group with the

remainder of studies

uncontrolled.

Systematic Review

A formal systematic review and

potential meta-analysis may be

warranted for patient education

interventions.

HIV

(n = 7)

2006–2020

South Africa (2), China

(1), Ethiopia (1), Nigeria

(1), Swaziland (1), US (1)

Service changes

(7)

RCT (2)

US (5)

CD4 counts (2)

Viral load (1) or

suppression (1)

Unclear (3)

Seven studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with HIV, however, the

outcomes were varied, with

CD4 counts, viral load or

suppression being the

common clinical outcomes.

Interventions also varied with

most involving some change to

service structure, however, no

single intervention type was

used in more than 2 studies.

29% of studies used a RCT

design and the remainder were

uncontrolled.

Additional research

More high quality studies HIV

outcomes for patients is likely

warranted, however, this may

not be feasible and thus an in-

depth scoping review with a

content expert may also be

warranted to help guide future

research questions and where

higher quality studies may be

needed or not.

Asthma

(n = 6)

2001–2017

US (3), Aus (2), Canada

(1)

Provider training

(3)

Patient education

(2)

Service change (1)

CS (1)

US (5)

Asthma control (3)

FEV1% (3)

Six studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

related to asthma (). 50% used

provider education, 33% used

patient education and 17%

used some type of service

structure change. No studies

used a RCT design, 1 study

used a control group with the

remainder of studies

uncontrolled.

Additional research

Higher quality studies are likely

needed but are also likely

impractical. Thus, a formal

scoping review or systematic

review with narrative synthesis

may be warranted instead.

Chronic

Disease

(n = 4)

2009–2018

Canada (2), China (1),

India (1)

Service change (3)

Patient education

(1)

RCT (2)

CS (1)

US (1)

Varied. QoL &

Disease risk were

common

4 studies assessed

interventions that aimed to

improve an aspect of care

related to chronic disease.

Different combinations of

multiple chronic conditions

and interventions were seen

across studies. 50% of studies

used a RCT design, 1 study

used a control group and 1 was

uncontrolled.

Additional research

(Continued)
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Table 5. (Continued)

Topic

Study (n)

Year Range

Countries, Year Range Intervention Study

Designs

Outcome Content Summary Suggestions for future research

Vaccination

(n = 4)

2001–2016

US (2), China (1), UK (1) Patient education

+/- other

strategies (2)

Service change (2)

RCT (2)

US (2)

Vaccination rate (4) Four studies assessed

interventions that aimed to

improve at least one patient

clinical outcome related to

vaccinations (e.g. vaccinations

rates). Studies were a mixture

of patient education and

service changes. 50% used a

RCT design and two were

uncontrolled.

Systematic review

A systematic review and meta-

analysis may be possible for the

RCTs alongside a narrative

synthesis of lower quality study

designs.

Alcohol use

(n = 3)

2007–2010

Aus (1), US (1), Thailand

(1)

Patient education

(3)

RCT (3) Drinks per day (3) Three studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with alcohol use (drinks per

day). All used patient

education as the interventions

and all used a RCT design.

Systematic review

Systematic review with potential

meta-analysis. A realist approach

may be warranted given the

different contexts in which the

interventions were tested.

COPD

(n = 3)

2009–2019

China (1), Greece (1), US

(1)

Provider training

(2)

Patient education

(1)

RCT (1)

US (2)

Unclear Three studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with COPD. A range of

outcomes were assessed

related to diet, exercise, air

flow obstruction and COPD

general questionnaires but

there was little similarity

across studies. Only one used a

RCT design and the remainder

were uncontrolled.

Additional research

Higher quality studies seem

feasible for this type of health

condition and thus, it is likely

that the evidence base would

benefit from investment in

higher quality studies to improve

outcomes for this condition.

Palliative Care

(n = 3)

2016–2018

Aus (2), US (1) Service change (3) US (3) Unclear Three studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with palliative care but no

study assessed the same

outcomes. Different types of

service changes were used in

each study and all studies were

uncontrolled.

Systematic review (narrative

synthesis)

Pregnancy

related

(n = 3)

2018–2019

Ethiopia (1), Dominican

Republic (1), Kenya (1)

Service change (3) US (3) Unclear Three studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with pregnancy. All were

conducted in low income

countries and were

uncontrolled studies. all

interventions appear to use a

change to service structure but

in different ways.

Additional research

Higher quality studies are likely

needed but are also likely

impractical. Thus, a formal

scoping review or systematic

review wit narrative synthesis

may be warranted instead.
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diarrhea, dementia, epilepsy, kidney disease, lung disease, osteoarthritis, osteoporosis, smok-

ing cessation, speech impairments, vision impairments.

Patient experience (n = 34). Most of the 34 articles aiming to improve quality of care by

enhancing patient experience were published between 2010–2022. The majority of the studies

were published in the United States (n = 19). The most commonly used interventions involved

reorganizing existing services to optimize care (n = 6) or expanding the scope of practice of

non-family physician healthcare providers (n = 5). Some of the interventions were used in

combination as well (e.g., provider education/training + audit and feedback). The most com-

mon health topics included mental health (n = 6) and pregnancy (n = 3). Additionally, patient

experience related to care for minor illness, burn rehab, cancer, chronic disease, diabetes,

hypertension, and pain was studied by 2 or less studies. Most studies used uncontrolled

before-after designs (n = 9), randomized controlled trials (n = 8), or cross-sectional designs

(n = 7). Patient experience was typically measured via questionnaires, interviews, and surveys.

Table 6 provides a content summary analysis for the two health topics that were assessed in

three or more studies. Among these, we judged mental health (n = 6) to be ready for systematic

review. Additional research is required for pregnancy (n = 3) as all three identified studies

Table 5. (Continued)

Topic

Study (n)

Year Range

Countries, Year Range Intervention Study

Designs

Outcome Content Summary Suggestions for future research

Sexually

transmitted

infections

(n = 3)

2018–2019

Aus (3) Service change (3) RCT (3) Prevalence (2)

Unclear (1)

Three studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with sexually transmitted

infections (either prevalence

or diagnostic test accuracy).

All were conducted in

Australia and all used a RCT

design.

Systematic review

The interventions may not be

similar enough for meta-

analysis. A narrative synthesis

may be warranted.

Stroke Rehab

(n = 3)

2004–2021

China (1), India (1),

Norway (1)

Service change (3) RCT (3) Function (2)

Secondary

Prevention (1)

Three studies assessed

interventions that aimed to

improve at least one patient

clinical outcome associated

with stroke rehab (function

and prevention of second

stroke). All used a type of

service change most including

some type of home rehab plus

other types of strategies as the

intervention and all used a

RCT design.

Systematic review

The interventions may not be

similar enough for meta-

analysis. A narrative synthesis

may be warranted. A realist

approach may be warranted

given the different contexts in

which the interventions were

tested.

Notes:

Study design: RCTs include individual and cluster RCTs, CS include non-randomized studies with a control group (i.e. controlled before-after studies and interrupted

time series, US includes all studies without a pre-assigned control group (uncontrolled before-after, cohort studies or cross sectional studies)

Interventions: Due to the many types of interventions that could not all be easily listed in this table, “service change” was used to capture any of the intervention codes

which involved changing some aspect of the health system (extended scope of practice, telehealth/virtual care, co-ordination/referral pathways, reorganization of service

or implementation of a new service)

Data not included in this table: Health topics that were assessed in 2 or less studies include: Atrial fibrillation, burn rehab, Chagas disease, childhood diarrhea, dementia,

epilepsy, kidney disease, lung Disease, osteoarthritis, osteoporosis, smoking cessation, speech impairments, vision impairments. Topic areas without a specific health
topic: Two health areas did not include a specific topic and were not included for this content summary: general health and medication related topics

https://doi.org/10.1371/journal.pone.0305516.t005
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were assessing different interventions and different outcomes. Additional research is recom-

mended for this outcome category as a whole since there were so few studies examining this

outcome.

Equity of care (n = 4). Four studies examining equity of care were published between

2010–2022 including one study each from Ethiopia, India, Kenya, and the United States. The

interventions from these studies involved reorganization of services (n = 2), provider training

(n = 1), and a combination of provider training and lay community member training (n = 1).

Three studies focused on mental health and one on pregnancy. Table 7 provides a content

summary analysis for the health topic that was assessed in three or more studies. Of note, sev-

eral papers did not assess a specific health topic (e.g., they were studying an intervention appli-

cable to any condition). We judged the topic of mental health (n = 3) to require additional

research; two studies assessed similar outcomes but there was not enough similarity among

interventions to warrant a review. Additional research is recommended for this outcome cate-

gory as a whole since there were so few studies examining this outcome.

Patient safety (n = 1). Only one study conducted in 2019 from the United States exam-

ined patient safety. The intervention involved coordinating care to improve medication

Table 6. Content summary for quality—Patient experience (health topics that were assessed by 3 or more studies are reported in the content summary).

Topic

Study (n)

Countries,

Year Range

Intervention Study

Design

Experience outcome

measured? Yes/No/

Unclear* Type

Content Summary Suggestions for future research

Mental

Health

(n = 6)

2007–2018

US (4)

Chile (1)

UK (1)

Service

Changes (3)

Patient

education (2)

Provider

training (1)

RCT (1)

US (5)

Yes (6) satisfaction Seven studies assessed outcomes related to

patient experience (i.e. satisfaction with

care/service) mostly in the US. The

interventions varied but a majority used

some form of a collaborative care model

and the remainder implemented a form of

psychological education such as CBT. Only

one study used a randomized design and

the remainder were uncontrolled.

Systematic review

There appears to be sufficient data

assessing patient satisfaction with service

changes that involve some form of

collaborative care that would warrant a

systematic review.

Pregnancy

(n = 3)

2010–2018

Australia (1)

Canada (1)

Ethiopia (1)

Service

Changes (3)

US (3) Yes (3)

Satisfaction (1)

Needs met (1)

Overall experience

(1)

Three studies assessed outcomes related to

patient experience in three different

countries. The interventions were all

different but were about implementing a

new model of care for pregnant women. All

studies assessed different types of

experience measures all were uncontrolled

studies.

More research

Each of the three studies assessed a

different aspect of patient experience with

three different types of new care models

in three different countries. This could be

included as part of a larger scoping

review on the health topic of pregnancy

related issues but would be sufficient to

warrant its own review topic.

Notes:

Unclear outcomes*: this means that the study suggested it measured the outcome but it wasn’t clear from the methods or results how this was actually assessed and

follow-up with study authors would be required to confirm if this outcome was assessed.

Study design: RCTs include individual and cluster RCTs, CS include non-randomized studies with a control group (i.e. controlled before-after studies and interrupted

time series, US includes all studies without a pre-assigned control group (uncontrolled before-after, cohort studies or cross sectional studies)

Interventions: Due to the many types of interventions that could not all be easily listed in this table, “service change” was used to capture any of the intervention codes

which involved changing some aspect of the health system (extended scope of practice, telehealth/virtual care, co-ordination/referral pathways, reorganization of service

or implementation of a new service)

Data not included in this table:

Health topics that were assessed in 2 or less studies include:
Antibiotic prescribing, burn rehabilitation, cancer, chronic disease, diabetes, hypertension, pain management, palliative care, stroke rehabilitation, weight management.

Topic areas without a specific health topic:
Any condition, medication related, minor illness.

https://doi.org/10.1371/journal.pone.0305516.t006
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reconciliation in a primary care clinic. Additional research is recommended for this outcome

category as a whole since there were so few studies examining this outcome.

Access to care

Seventy-six (20%) articles focused on interventions to improve access to primary care. Among

these articles, 21 (28%) focused on recruitment of family physicians, 15 (20%) on retention of

family physicians, 14 (18%) on recruitment of alternative health provider to provide family

physician-related services, and 35 (46%) on access to other services not typically provided in

primary care. Several of these studies assessed more than one outcome. A detailed breakdown

of all intervention types, study designs, individual study outcomes, and outcome measure-

ments, for access to care studies can be found in S8–S11 Appendices. This data is summarized

in the following sections.

Access to a primary care provider (n = 42). Forty-two articles focused on improving

access to primary care providers. The articles were largely published between 2010–2021 and

came from 13 different countries, with the majority originating from the United States

(n = 19) and Australia (n = 7). The most common study designs were cohort studies (n = 19),

uncontrolled before-after studies (n = 10) and controlled before-after studies (n = 7). We

found three main provider access topics, all of which were assessed in 3 or more studies,

including recruitment (n = 21) and/or retention (n = 15) of family physicians, and recruitment

of alternative primary care providers (e.g., nurse practitioners, pharmacists) (n = 14). Across

the topics, different types of interventions were used, the most common type of intervention

involved extending the scope of practice of non-GPs (n = 13), and the most common types of

intervention for recruiting and retaining family physicians were implemented during medical

Table 7. Content summary for quality—Equity (health topics that were assessed by 3 or more studies are reported in the content summary).

Topic

Study

(n)

Countries,

Year Range

Intervention Study

Design

Experience outcome

measured? Yes/No/

Unclear* Type

Content Summary Suggestions for future research

Mental

Health

(n = 3)

2019–

2020

US (1)

Ethiopia (1)

Kenya (1)

Service

Changes (3)

Patient

education (2)

Provider

training (1)

US (3) Yes (3)

Discrimination (2)

Universal screening (1)

Three studies assessed outcomes related to

equity of care. All studies were conducted in

different countries. Two studies assessed

stigma and experience of discrimination and

one study assessed provision of depression

screening for all appropriate patients. Two

studies used interdisciplinary team-based care

to deliver mental health services and one

study used provider training on mental health

knowledge and awareness. All studies were

uncontrolled.

More research

While two studies assessed

discrimination there was not enough

similarity amongst interventions to

warrant a systematic review.

Notes:

Unclear outcomes*: this means that the study suggested it measured the outcome but it wasn’t clear from the methods or results how this was actually assessed and

follow-up with study authors would be required to confirm if this outcome was assessed.

Study design: RCTs include individual and cluster RCTs, CS include non-randomized studies with a control group (i.e. controlled before-after studies and interrupted

time series, US includes all studies without a pre-assigned control group (uncontrolled before-after, cohort studies or cross sectional studies)

Interventions: Due to the many types of interventions that could not all be easily listed in this table, “service change” was used to capture any of the intervention codes

which involved changing some aspect of the health system (extended scope of practice, telehealth/virtual care, co-ordination/referral pathways, reorganization of service

or implementation of a new service)

Data not included in this table:

Health topics that were assessed in 2 or less studies include:
Pregnancy-related.

https://doi.org/10.1371/journal.pone.0305516.t007
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education via selective recruitment of students with a focus on rural practice into medical edu-

cation (n = 10), or medical education interventions that involved exposure to rural practice

(n = 9), followed by financial incentives to assist with tuition payback (n = 6). A content sum-

mary for each of the three topic areas can be found in Table 8. We judged all three topics to be

ready for systematic review.

Access to services (n = 36). The majority (77%) of the 36 studies that aimed to increase

access to primary care services conducted between 2010–2022. These were conducted in the

United States (n = 12), Australia (n = 3), Canada (n = 2), India (n = 2), and multiple other

countries. The most commonly used interventions involved providing training to existing

health professionals to deliver different types of additional services they would not normally

deliver (n = 13) or training lay community members (n = 4). Other studies also commonly

aimed to increase referral to existing services by improving awareness of services or ease of

referral (n = 6). Most common study designs were uncontrolled before-after (n = 13), cohort

designs (n = 8), cross-sectional (n = 6), interrupted time series (n = 4), and randomized con-

trolled trials (n = 3). We identified three service area topics that were assessed in three or more

studies including diabetes (n = 5), mental health (n = 4) and pregnancy (n = 4). A content

summary for each health topics can be found in Table 9. Of note, several papers did not assess

a specific health topic (e.g., they were studying an intervention applicable to any condition).

For each of these topic areas, there was a wide range of interventions and outcome measure-

ment methods. We judged all topics to be amenable to an in-depth scoping review.

Efficiency of care delivery

Only 47 studies (15% of the total) examined efficiency of care. Among these, 28 (60%) included

interventions aimed at improving cost-savings, 26 (55%) included interventions to improve

healthcare use, and three included an intervention aimed at improving patient wait times. A

detailed breakdown of all intervention types, study designs, individual study outcomes, and

outcome measurements for efficiency studies can be found in Table 4. This data is summarized

in the following paragraphs.

Wait times (n = 3). Three studies conducted in 2008, 2017, and 2020 in the United States

(n = 2) and Canada (n = 1) assessed wait times. The interventions involved improving coordi-

nation/referral pathways, reorganization of services, and provider training. Two studies used

an uncontrolled before-after study design and one used a prospective cohort design. Two stud-

ies focused on mental health and one on surgery. Wait times for new appointments were mea-

sured using data from a computerized monitoring system and electronic medical record data.

Additional research is recommended for this outcome category as a whole as there were so few

studies examining this outcome.

Healthcare utilization (n = 26). Over 80% of the 26 articles assessing healthcare utiliza-

tion were published between 2010–2022. Most of these studies were conducted in the United

States (n = 12), Canada (n = 4), Australia (n = 3), and South Africa (n = 2). The most common

intervention included reorganization of services to optimize care delivery (n = 7) and improv-

ing coordination/referral pathways (n = 5). Some studies used a combination of interventions

(e.g., expanding scope of practice + provider training/upskilling). The majority of the studies

used a controlled before-after (n = 8), an uncontrolled before-after (n = 7), or cohort (n = 5)

design. The most common health topics assessed were mental health (n = 2) and palliative care

(n = 2). Additional research is recommended for this outcome category as a whole since it was

not assessed in relation to the same health topic for three or more studies.

Costing and cost-effectiveness (n = 28). Most of the 28 studies examining cost-savings as

a means to improve efficiency were published between 2010–2022. These were conducted in a
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Table 8. Content summary for access—To a primary care provider (access topics that were assessed by 3 or more studies are reported in the content summary).

Access topic

Study (n)

Countries, Year Range Intervention Study

Designs

Outcome Content Summary Suggestions for future research

Recruitment of

FPs

(n = 21)

US (13), Aus (2), France

(2), Norway (2), CAN

(1), Germany (1)

2001–2021

Medical

education—

exposure (8)

Medical

Education–

selective

recruitment (8)

Financial

incentives (4)

Service change

(1)

CS (3)

US (18)

# graduates

practicing in a rural/

remote community

upon graduation

Twenty-one studies tested interventions to

increase recruit family physicians in rural

or remote communities. There were 4

different types of interventions, the most

common were changes made during the

medical school training process either by

exposure to rural areas during training or

only recruiting applicants who lived or grew

up in a rural or remote location and had a

firm commitment to practicing in that area

after training. Another 4 studies used some

form of financial incentive mostly via

medical school fee payment. Lastly, one

study used a service change by

implementing multidisciplinary family care

teams to support collaboration and better

working conditions to try and entice

recruitment to rural or remote locations.

Most studies were uncontrolled.

Systematic review (realist approach)

A systematic review of these three

different strategies to increase access to

primary care providers in rural areas.

There have been reviews of this topic,

however most have focused on family

physicians and none provided a

comprehensive review of the effectiveness

of these different strategies with an

understanding of implications for

decision makers. Additionally, while

RCTs or controlled trials may be hard to

design for this topic area, a formal

systematic review can provide thorough

assessments of study quality and specific

directions for future research to advance

this area.

Retention of FPs

(n = 15)

US (6), Aus (3), Norway

(1), Japan (2), Can (1),

France (1)

2001–2020

Medical

education—

exposure (5)

Medical

Education–

selective

recruitment (4)

Financial

incentives (4)

Well-being (2)

CS (4)

US (11)

working in rural

area up to 16 years

post-grad (11)

GP density (1)

Intention to

continue rural work

(3)

Fifteen studies tested interventions to

increase retention of family physicians in

rural or remote communities. There were 4

different types of interventions, many

similar to those issued for recruitment: the

most common was exposure to rural areas

during medical training which varied in

duration and setting. Selective recruitment

into medication school based on if the

applicant lived or grew up in a rural or

remote location and had a firm

commitment to working in that area was

used in 4 studies. Another 4 studies used

some form of financial incentive mostly via

medical school fee payment. Lastly, two

studies used a well-being support program

to try and increase retention in rural or

remote locations. Both interventions

offered social and emotional support but

were based on different principals and

delivered in different ways. Most studies

were uncontrolled.

Adding different

types of PC

providers

(n = 14)

2000–2019

US (4), UK (3), Aus (2),

Croatia (1), Dominican

Republic (1), India (1),

South Africa (1), Taiwan

(1)

Extended scope

of practice (13)

Training of lay

community

members (1)

RCT (2)

CS (1)

US (11)

Coverage or reach

via patient use (5)

Exact measure

unclear (9)

14 studies tested interventions to increase

access to an alternative primary care

provider. The interventions included

extending the scope of practice of health

professionals including Nurses (6),

Pharmacists (3), mental health workers (1),

residents (1), and community or lay village

health workers (2). The extended scope of

practice related to a variety of heath topics

(e.g. mental health (3), medications (2),

minor illness (2), diabetes (1)). Two studies

used an RCT design and a further study

used a control group and the remainder

were uncontrolled.

Notes:

Study design: RCTs include individual and cluster RCTs, CS include non-randomized studies with a control group (i.e. controlled before-after studies and interrupted

time series, US includes all studies without a pre-assigned control group (uncontrolled before-after, cohort studies or cross-sectional studies)

Interventions: Due to the many types of interventions that could not all be easily listed in this table, “service change” was used to capture any of the intervention codes

which involved changing some aspect of the health system (extended scope of practice, telehealth/virtual care, co-ordination/referral pathways, reorganization of service

or implementation of a new service)

https://doi.org/10.1371/journal.pone.0305516.t008
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variety of countries, most commonly in the United States (n = 12). The majority of the inter-

ventions focused on reorganizing services to optimize care delivery (n = 8), improving coordi-

nation/referral pathways (n = 6), and upskilling healthcare providers on evidence-based

clinical practice guidelines (n = 4). The most common study design in this area was the uncon-

trolled before-after design (n = 10). Mental health (n = 3), preventive care (n = 2), CVD

(n = 2), and epilepsy (n = 2) were the most commonly assessed health topics. A content sum-

mary for mental health can be found in Table 10. Of note, several papers did not assess a

Table 9. Content summary access—To a primary care services (access topics that were assessed by 3 or more studies are reported in the content summary).

Access topic

Study (n)

Countries, Year

Range

Intervention Study

Designs

Outcomes related to

coverage via referral

volume, patient use/

attendance

Content Summary Suggestions for future research

Diabetes

(n = 5)

US (4), Spain (1)

2009–2020

Different types

of Service

change (5)

CS (2)

US (3)

Yes (2)

Unclear (3)

Five studies tested interventions to

increase access to primary care by

offering extra services related to

Diabetes management and screening

for complications. Interventions were

quite varied in nature, some related to

extra education clinics or home visits,

some were implementing a new

service for retinopathy or neuropathy

screening and one used clinic-based

quality improvement to offer

additional services where needed.

Two studies used a control group but

3 were uncontrolled.

Scoping review

For each of these topic areas, there

was a wide range of interventions

and outcome measurement

methods. An in-depth scoping

review that focuses on how extra

services are used to increase access

to primary care in rural areas is

warranted.

Mental

Health

(n = 4)

US (3), India (1)

2008–2022

Different types

of Service

change (4)

CS (1)

US (3)

Yes (3)

Unclear (1)

Four studies tested interventions to

increase access to primary care by

offering extra services for mental

health (e.g.). Interventions included

coordination efforts such as

collaborative care and task sharing or

education clinics.

Most studies were uncontrolled.

Pregnancy

related

(n = 4)

Burkina Faso (1),

Dominican

Republic (1),

Ghana (1), Kenya

(1)

2016–2019

Different types

of Service

change (4)

US (4) Yes (2)

Unclear (2)

Four studies tested interventions to

increase access to primary care by

offering extra services related to

pregnancy. The interventions

included implementing a new service

and in some cases extending the scope

of practice of existing health

professionals or lay community

members to offer the extra services. all

studies were uncontrolled

Notes:

Study design: RCTs include individual and cluster RCTs, CS include non-randomized studies with a control group (i.e. controlled before-after studies and interrupted

time series, US includes all studies without a pre-assigned control group (uncontrolled before-after, cohort studies or cross-sectional studies)

Interventions: Due to the many types of interventions that could not all be easily listed in this table, “service change” was used to capture any of the intervention codes

which involved changing some aspect of the health system (extended scope of practice, telehealth/virtual care, co-ordination/referral pathways, reorganization of service

or implementation of a new service)

Data not included in this table:

Health topics that were assessed in 2 or less studies include: cancer, chronic disease, CVD, febrile illness, HIV, Malaria, maternal and child health, NCD, speech

impairments.

Topic areas without a specific health topic: three areas did not include a specific health topic: general health, medication related, and preventative care.

https://doi.org/10.1371/journal.pone.0305516.t009
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specific health topic (e.g., they were studying an intervention applicable to any condition). We

recommend an in-depth scoping review for one health topic (mental health, n = 3). Additional

research is also recommended for this outcome category as a whole as there were relatively few

studies examining this outcome overall.

Discussion

This review serves as an overarching scoping review that primarily aims to identify what types

of topics, interventions and designs are being used to improve access, quality and efficiency of

primary care in rural and remote areas globally. A secondary aim is to provide a high-level

content summary within each of these outcome areas and to provide recommendations for

future research. We have separated our discussion of the results into two main sections, (i)

content summary and recommendations for future research which includes a summary of the

main findings to answer our objectives, and (ii) the burden of rurality and the need for rural-

specific research which provides a thoughtful discussion of these results from the rural clinical

perspective.

Content summary and recommendations for further research

Overall, given our liberal search criteria, we found a low number of papers that met our inclu-

sion criteria and an even lower number that used more rigorous randomized designs. While

we did note an upward trend toward increased publications, the trend we observed peaked in

2017 before beginning a decline to pre-peak levels. In addition, the increase in the yearly num-

ber of rural primary care publications must be tempered by the fact that scientific output in

Table 10. Content summary efficiency—Costing and cost-effectiveness (efficiency topics that were assessed by 3 or more studies are reported in the content

summary).

Topic

Study

(n)

Countries,

Year Range

Intervention Study

Design

Efficiency outcome

measured? Yes/No/

Unclear*

Content Summary Suggestions for future research

Cost

Mental

Health

(n = 3)

2015–

2017

US (3) Provider

training (2)

Service

Changes (1)

RCT (1)

US (2)

Yes (3) Three studies assessed cost-related

outcomes of implementing a new or change

in service for improving mental health

outcomes (e.g. adherence to guidelines,

depression, quality of life). Costing

outcomes varied across studies with only

one study measuring cost-effectiveness with

QALYs.

In-depth scoping review. While three

studies assessed cost outcomes related to the

topic area of mental health, the

interventions and outcomes were different

across studies precluding a specific PICO

question.

Notes:

Unclear outcomes*: this means that the study suggested it measured the outcome, but it wasn’t clear from the methods or results how this was actually assessed and

follow-up with study authors would be required to confirm if this outcome was assessed.

Study design: RCTs include individual and cluster RCTs, CS include non-randomized studies with a control group (i.e. controlled before-after studies and interrupted

time series, US includes all studies without a pre-assigned control group (uncontrolled before-after, cohort studies or cross-sectional studies)

Interventions: Due to the many types of interventions that could not all be easily listed in this table, “service change” was used to capture any of the intervention codes

which involved changing some aspect of the health system (extended scope of practice, telehealth/virtual care, co-ordination/referral pathways, reorganization of service

or implementation of a new service)

Data not included in this table:

Health topics that were assessed in 2 or less studies include:
Atrial fibrillation, cancer, chronic, CVD, diabetes, epilepsy, febrile illness, osteoporosis, palliative care, respiratory tract infection, osteoarthritis, dental care.

Topic areas without a specific health topic:

https://doi.org/10.1371/journal.pone.0305516.t010
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general is doubling approximately every nine years [391]. Nevertheless, the increase we

observed in rural primary care literature does appear to outpace the rate of increase in general

scientific productivity. Not surprisingly, a large percentage of the papers captured in this

review originate from the United States, Australia and Canada, countries that have long been

known to have high levels of rurality and established programs of rural health research. Nota-

bly, a substantial proportion of papers come from Africa (n = 35 (9.4%), Tables 2–4) despite

limited resources in those countries. European, Middle Eastern and Asian countries are under-

represented in this review, likely because of relatively high population density and a lower

impact of rurality at the population level. In terms of our outcome areas of interest, we will

present our findings summary for each separately.

Access: We found the topic area of increasing access to a primary care provider one that is

ready for a formal systematic review. While each of the identified three subtopics, recruitment

or retention of family physicians and recruitment of an alternate care provider, have been the

subject of previous reviews there hasn’t been a comprehensive review of the effectiveness of all

available strategies which would be of benefit as this issue is a high priority in all areas. A realist

approach may work best as there are several different health system contexts to consider in

likelihood of effectiveness. The topic of increasing access to primary care services included a

number of different services for specific health issues such as diabetes or mental health which

would benefit from a further scoping review to identify useful PICO questions.

Efficiency: We found only 2 topics that assessed outcomes related to improving efficiency

of primary care services, mental health and pregnancy-related topics. Unfortunately, reporting

regarding the outcomes of wait-times or healthcare use were unclear and follow-up with

authors would be necessary to understand these outcomes in more detail before meaningful

PICOs could be identified.

Quality: We found the majority of studies aimed to improve quality of primary care either

via interventions to improve adherence to guidelines (improving evidence-based medicine) or

to improve specific patient clinical outcomes. Much less attention has been paid to other

aspects of quality such as patient experience or equity. The most common topics across all

areas of quality were the health topics of diabetes, mental health, cancer, CVD and asthma. In

our results, we made several recommendations for where the evidence is ready for systematic

or scoping reviews within the specific health topics, however, looking at the data across out-

comes, we would also recommend broader reviews for the same or interrelated health topics.

For example, the health topics of diabetes, cancer, asthma, CVD, mental health and pregnancy

all had studies that assessed interventions to improve patient clinical outcomes and adherence

to/update of evidence-based care recommendations. In these cases, we would suggest conduct-

ing comprehensive reviews by these topic areas that include all outcomes of interest that have

been assessed. Additionally, we found evidence to suggest systematic reviews for a number of

related health topics such as weight management, alcohol use and pain management. We

would suggest combining these topics to form a larger topic area such as lifestyle changes for a

more impactful review. The last comment worth note, is that a realist approach would likely be

required in almost all reviews to assess the findings in terms of contextual factors related to (i)

geographical location, (ii) country economic status and (iii) health system status (private/pub-

lic, etc.)

The burden of rurality and the need for rural-specific research

As we all know, there is a huge and rapidly growing literature on the management of chronic

diseases and their burden on society and the health system. In most jurisdictions, rurality is

associated with a 2–5 year deficit in life expectancy [2, 5, 392, 393] which does not compare to
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the effect of widely studied diseases such as diabetes, heart disease and stroke [394]. However,

the far greater prevalence of rurality suggests that its burden, at the population level, is likely to

be as great or greater than any of the chronic diseases alone. Admittedly, some of the urban/

rural disparity in health outcomes is attributable to differences in rates of chronic disease [3,

4]. Thus, science that examines chronic disease may indirectly contribute to narrowing the

rural-urban divide. However, health services delivery and socio-cultural issues are different in

rural areas, suggesting that rural-specific research may be necessary to more completely

address rural/urban health inequities than disease inquiry alone.

For this work, we deliberately chose liberal inclusion criteria to maximize reach, by includ-

ing designs such as non-randomized and before-after studies, which are often excluded from

reviews. During article screening, we did not tally papers that were excluded because of the

lack of a comparative evaluation component (e.g., opinion pieces, rural program descriptions

and uncontrolled cross-sectional evaluations), but subjectively note that this was a large num-

ber of papers. This suggests that there is considerable interest in rural healthcare delivery not

reflected in this review, but a lack of resources to pursue more intensive research efforts, mir-

roring the lack of resources available to health service delivery in rural areas.

As we have noted in Table 2, the bulk of papers included in this review examined the quality

of care delivery. We have not attempted to systematically identify whether the interventions

studied in these papers were specifically tailored for rural populations or simply studied a

geography-agnostic program delivered in a rural area. However, our subjective opinion is that

a substantial proportion of the studied interventions did not include modifications for rural

populations and provided only limited if any description of factors that may have influenced

program implementation, delivery or quality specifically in the rural setting. Nearly a third of

the papers examined the adoption of best practices, most of which were drawn from clinical

practice guidelines which typically do not include a rural focus. Programs that did include

both urban and rural programs often included only a small number of sites, limiting the gener-

alizability of the findings. Given relatively limited attempts to create rural-specific data analy-

ses or amendments to interventions in the quality of care papers, the contribution to the rural-

specific primary care literature is somewhat less than suggested by the high number of papers

in this section. This represents an important gap in the literature that could be filled by a

greater number of studies that examine differences in implementation, delivery and outcomes

between rural and urban sites of the same program and/or a systematic review of studies that

include both rural and urban sites to elucidate factors (if any) that contribute to differences in

outcomes between rural and urban populations. The results of this work could then be used to

develop frameworks describing which evidence from primarily urban sites could be applied in

the rural setting, and where clinical programs require modification for rural delivery.

Reflecting the challenges with and widespread attention paid to the recruitment and reten-

tion of primary care physicians as a means of overcoming one of the greatest challenges in

rural care delivery [395, 396], our paper documents a considerable number of papers (n = 28)

that examined these issues, but none that used randomized designs. However, given the poten-

tial for multi-disciplinary providers to meet primary care needs, it is surprising that relatively

few papers (n = 14) examined the use of non-physician providers in the rural setting. In the

broad primary care literature (i.e. not exclusively rural), there is widespread interest in multi-

disciplinary primary care delivery, and many of the findings from that literature could be used

to inform rural service delivery. However, as mentioned above, socio-cultural and other issues

are different in rural areas, which may lead to service-delivery challenges not seen with urban

teams. This issue further highlights the need for studies to determine the extent to which evi-

dence developed in urban centres can be applied in the rural setting.
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Limitations

Given the high number of papers included in this scoping review, we have not attempted to

extract specific recommendations regarding policy or service delivery, but we intend to do so

in follow-up sub-topic papers. As with any review, the quality is limited by the quality of the lit-

erature search and data extraction, but we have used an experienced information specialist

and duplicate data extraction approaches to mitigate these concerns. We have used the Cana-

dian Foundation for Healthcare Improvements’ 2012 policy document, entitled Toward a Pri-

mary Care Strategy for Canada to inform many of the working definitions for our review but

we acknowledge that other frameworks and definitions exist to describe primary care and

related outcomes and thus there may be some overlap or slight differences in our categoriza-

tion compared to the literature [9]. Finally, in an attempt to describe the rural primary care lit-

erature as thoroughly as possible, we have classified papers into multiple categories if

appropriate. Thus, interpretations about the degree of focus on a particular subject area should

keep this in mind.
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4. DesMeules M, Pong R, Lagacé C, Heng D, Manuel D, Pitblado R, et al. How Healthy Are Rural Cana-

dians? An Assessment of their Health Status and Health Determinants. Canadian Institute for Health

Information; 2006.

5. Australian Institute of Health and Welfare. Rural & remote health [Internet]. 2019. https://www.aihw.

gov.au/reports/rural-remote-australians/rural-remote-health/contents/health-status-and-outcomes.

6. World Health Organization. Rural poverty and health systems in the WHO European Region. Copen-

hagen: WHO Regional Office for Europe; 2010.

7. Starfield B, Shi L, Macinko J. Contribution of Primary Care to Health Systems and Health. Milbank Q.

2005 Sep; 83(3):457–502. https://doi.org/10.1111/j.1468-0009.2005.00409.x PMID: 16202000

PLOS ONE Review of interventions to improve rural primary healthcare

PLOS ONE | https://doi.org/10.1371/journal.pone.0305516 July 11, 2024 27 / 48

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305516.s013
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305516.s014
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305516.s015
https://doi.org/10.25318/82-003-x201900500001-eng
https://doi.org/10.25318/82-003-x201900500001-eng
http://www.ncbi.nlm.nih.gov/pubmed/31091331
https://www.aihw.gov.au/reports/rural-remote-australians/rural-remote-health/contents/health-status-and-outcomes
https://www.aihw.gov.au/reports/rural-remote-australians/rural-remote-health/contents/health-status-and-outcomes
https://doi.org/10.1111/j.1468-0009.2005.00409.x
http://www.ncbi.nlm.nih.gov/pubmed/16202000
https://doi.org/10.1371/journal.pone.0305516


8. Basu S, Berkowitz SA, Phillips RL, Bitton A, Landon BE, Phillips RS. Association of Primary Care Phy-

sician Supply With Population Mortality in the United States, 2005–2015. JAMA Intern Med. 2019; 179

(4):506–14. https://doi.org/10.1001/jamainternmed.2018.7624 PMID: 30776056

9. Aggarwal M, Hutchison B. Toward a primary care strategy for Canada. 2012. (Canadian Foundation

for Healthcare Improvement).

10. International Labour Office Social Protection Department. Global evidence on inequities in rural health

protection: new data on rural deficits in health coverage for 174 countries. Geneva: ILO; 2015.

11. World Health Organization. WHO guideline on health worforce development, attraction, recruitment

and retention in rural and remote areas. Geneva: World Health Organization; 2021.

12. Clarke J. Difficulty accessing health care services in Canada. Statistics Canada Catalogue no 82-624-

X; 2016. (Health at a Glance).

13. World Health Organization & United Nations Children’s Fund (UNICEF). A vision for primary health

care in the 21st century: towards universal health coverage and the Sustainbale Development Goals.

Geneva: World Health Organization; 2018.

14. Aromataris E, Munn Z, editors. JBI Manual for Evidence Synthesis. Adelaide, AU: Joanna Briggs

Institute; 2020.

15. Arksey H, O’Malley L. Scoping studies: towards a methodological framework. Int J Soc Res Methodol.

2005; 8(1):19–32.

16. Levac D, Colquhoun H, O’Brien KK. Scoping studies: advancing the methodology. Implement Sci IS.

2010; 5(1):69–69. https://doi.org/10.1186/1748-5908-5-69 PMID: 20854677

17. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping

Reviews (PRISMA-ScR): Checklist and Explanation. Ann Intern Med. 2018; 169(7):467–73. https://

doi.org/10.7326/M18-0850 PMID: 30178033

18. Agency for Healthcare Research and Quality. Six Domains of Health Care Quality [Internet]. https://

www.ahrq.gov/talkingquality/measures/six-domains.html.

19. Office of Disease Prevention and Health Promotion. Access to Primary Care [Internet]. US Department

of Health and Human Services; 2021. https://www.healthypeople.gov/2020/topics-objectives/topic/

social-determinants-health/interventions-resources/access-to-primary.

20. Hawley LR, Koziol NA, Bovaird JA, McCormick CM, Welch GW, Arthur AM, et al. Defining and

Describing Rural: Implications for Rural Special Education Research and Policy. Rural Spec Educ Q.

2016; 35(3):3–11.

21. Covidence. Better systematic review management [Internet]. https://www.covidence.org.

22. Ansari RM, Harris MF, Hosseinzadeh H, Zwar N. Implementation of Chronic Care Model for Diabetes

Self-Management: A Quantitative Analysis. Diabetology. 2022 Sep; 3(3):407–22.

23. Burdick TE, Moran DS, Oliver BJ, Eilertsen A, Raymond J, Hort S, et al. Transitional Care Manage-

ment Quality Improvement Methods That Reduced Readmissions in a Rural, Primary Care System. J

Am Board Fam Med. 2022 May 1; 35(3):537–47. https://doi.org/10.3122/jabfm.2022.03.190435

PMID: 35641053

24. Gur I, Shapira S, Halloun N, Kaisari S, Stern A. Implementing Lean Techniques to Increase the Effi-

ciency of a Rural Primary Care Clinic: A Prospective Controlled Study. Jt Comm J Qual Patient Saf.

2022 May 1; 48(5):262–70. https://doi.org/10.1016/j.jcjq.2022.01.009 PMID: 35246380

25. Harding C, Seal A, Mills N. Evaluation of a Lifestyle and Weight Management Program Within Rural

General Practice. J Prim Care Community Health. 2022 Jan 1; 13:21501319221084170. https://doi.

org/10.1177/21501319221084166 PMID: 35289212

26. Harrison JN, Steinberg J, Wilms Floet AML, Grace N, Menon D, German R, et al. Addressing Pediatric

Developmental and Mental Health in Primary Care Using Tele-Education. Clin Pediatr (Phila). 2022

Jan 1; 61(1):46–55. https://doi.org/10.1177/00099228211059644 PMID: 34791907

27. Harry ML, Asche SE, Freitag LA, Sperl-Hillen JM, Saman DM, Ekstrom HL, et al. Human Papillomavi-

rus vaccination clinical decision support for young adults in an upper midwestern healthcare system: a

clinic cluster-randomized control trial. Hum Vaccines Immunother. 2022 Jan 31; 18(1):2040933.

28. Ndayizigiye M, McBain R, Whelley C, Lerotholi R, Mabathoana J, Carmona M, et al. Integrating an

early child development intervention into an existing primary healthcare platform in rural Lesotho: a

prospective case–control study. BMJ Open. 2022 Feb 1; 12(2):e051781. https://doi.org/10.1136/

bmjopen-2021-051781 PMID: 35121599

29. Okonofua F, Ntoimo LF, Yaya S, Igboin B, Solanke O, Ekwo C, et al. Effect of a multifaceted interven-

tion on the utilisation of primary health for maternal and child health care in rural Nigeria: a quasi-exper-

imental study. BMJ Open. 2022 Feb 1; 12(2):e049499. https://doi.org/10.1136/bmjopen-2021-049499

PMID: 35135763

PLOS ONE Review of interventions to improve rural primary healthcare

PLOS ONE | https://doi.org/10.1371/journal.pone.0305516 July 11, 2024 28 / 48

https://doi.org/10.1001/jamainternmed.2018.7624
http://www.ncbi.nlm.nih.gov/pubmed/30776056
https://doi.org/10.1186/1748-5908-5-69
http://www.ncbi.nlm.nih.gov/pubmed/20854677
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/pubmed/30178033
https://www.ahrq.gov/talkingquality/measures/six-domains.html
https://www.ahrq.gov/talkingquality/measures/six-domains.html
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-health/interventions-resources/access-to-primary
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-health/interventions-resources/access-to-primary
https://www.covidence.org
https://doi.org/10.3122/jabfm.2022.03.190435
http://www.ncbi.nlm.nih.gov/pubmed/35641053
https://doi.org/10.1016/j.jcjq.2022.01.009
http://www.ncbi.nlm.nih.gov/pubmed/35246380
https://doi.org/10.1177/21501319221084166
https://doi.org/10.1177/21501319221084166
http://www.ncbi.nlm.nih.gov/pubmed/35289212
https://doi.org/10.1177/00099228211059644
http://www.ncbi.nlm.nih.gov/pubmed/34791907
https://doi.org/10.1136/bmjopen-2021-051781
https://doi.org/10.1136/bmjopen-2021-051781
http://www.ncbi.nlm.nih.gov/pubmed/35121599
https://doi.org/10.1136/bmjopen-2021-049499
http://www.ncbi.nlm.nih.gov/pubmed/35135763
https://doi.org/10.1371/journal.pone.0305516


30. Osae SP, Young HN, Fricks WP, Zillich AJ. Evaluation of quality measure attainment with pharmacist-

delivered Medicare annual wellness visits. J Am Pharm Assoc. 2022 Mar 1; 62(2):559–63. https://doi.

org/10.1016/j.japh.2021.10.030 PMID: 34799260

31. Renn BN, Johnson M, Powers DM, Vredevoogd M, Unützer J. Collaborative care for depression yields

similar improvement among older and younger rural adults. J Am Geriatr Soc. 2022 Jan; 70(1):110–8.

https://doi.org/10.1111/jgs.17457 PMID: 34536286

32. Srinivasan K, Heylen E, Johnson Pradeep R, Mony PK, Ekstrand ML. Collaborative care compared to

enhanced standard treatment of depression with co-morbid medical conditions among patients from

rural South India: a cluster randomized controlled trial (HOPE Study). BMC Psychiatry. 2022 Jun 13;

22(1):394. https://doi.org/10.1186/s12888-022-04000-3 PMID: 35698087

33. Befort CA, VanWormer JJ, Desouza C, Ellerbeck EF, Gajewski B, Kimminau KS, et al. Effect of Behav-

ioral Therapy With In-Clinic or Telephone Group Visits vs In-Clinic Individual Visits on Weight Loss

Among Patients With Obesity in Rural Clinical Practice: A Randomized Clinical Trial. JAMA. 2021 Jan

26; 325(4):363–72. https://doi.org/10.1001/jama.2020.25855 PMID: 33496775

34. Camargo MS, Passos LCS, Mistro S, Soares DA, Kochergin CN, dos S de Carvalho VCH, et al.

Improving Access to the Glycated Hemoglobin Test in Rural Communities With Point-of-Care Devices:

An Application Study. Front Med [Internet]. 2021 [cited 2023 Jul 24]; 8. Available from: https://www.

frontiersin.org/articles/10.3389/fmed.2021.734306.

35. Chen S, Qian D, Burström B. Two-year impact of an educational intervention in primary care on blood

glucose control and diabetes knowledge among patients with type 2 diabetes mellitus: a study in rural

China. Glob Health Action. 2021 Jan 1; 14(1):1893502. https://doi.org/10.1080/16549716.2021.

1893502 PMID: 33825677

36. Chevillard G, Mousquès J. Medically underserved areas: are primary care teams efficient at attracting

and retaining general practitioners? Soc Sci Med. 2021 Oct 1; 287:114358. https://doi.org/10.1016/j.

socscimed.2021.114358 PMID: 34520939

37. de Batlle J, Massip M, Vargiu E, Nadal N, Fuentes A, Bravo MO, et al. Implementing Mobile Health–

Enabled Integrated Care for Complex Chronic Patients: Intervention Effectiveness and Cost-Effective-

ness Study. JMIR MHealth UHealth. 2021 Jan 14; 9(1):e22135. https://doi.org/10.2196/22135 PMID:

33443486

38. Deng A, Zhang Y, Xiong R. Effects of a transitional care program for individuals with limbs disabilities

living in a rural community: A randomized controlled trial. Disabil Health J. 2021 Jan 1; 14(1):100946.

https://doi.org/10.1016/j.dhjo.2020.100946 PMID: 32565092

39. Katzmarzyk PT, Apolzan JW, Gajewski B, Johnson WD, Martin CK, Newton RL, et al. Weight loss in

primary care: A pooled analysis of two pragmatic cluster-randomized trials. Obesity. 2021 Dec; 29

(12):2044–54. https://doi.org/10.1002/oby.23292 PMID: 34714976

40. Kirkland EB, Marsden J, Zhang J, Schumann SO, Bian J, Mauldin P, et al. Remote patient monitoring

sustains reductions of hemoglobin A1c in underserved patients to 12 months. Prim Care Diabetes.

2021 Jun 1; 15(3):459–63. https://doi.org/10.1016/j.pcd.2021.01.005 PMID: 33509728

41. Muyambi K, Gillam M, Dennis S, Gray R, Martinez L, Jones M. Effect of depression awareness and

management training on the attitudes of rural primary health care workers. Aust J Rural Health. 2021;

29(3):449–54. https://doi.org/10.1111/ajr.12685 PMID: 34110058
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