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Research Paper
Protocol for a Nurse-led Collaborative Community 
Care Model for Patients With Tuberculosis and Type 2 
Diabetes Mellitus

Background: Tuberculosis and diabetes mellitus (TBDM) comorbidity poses a major public 
health challenge, particularly in rural Indonesia, where fragmented services and limited 
healthcare access worsen patient outcomes. Despite global recognition of nurse-led care models, 
evidence on their use in rural, community-based TBDM management in Indonesia remains 
limited. This study aims to introduce nurse-led and community collaborative care (NaCo-care ), 
an integrated model designed to strengthen nursing leadership and interdisciplinary collaboration 
at the primary healthcare level.

Methods: This study comprises four stages: Initial epidemiological mapping of TBDM in Jember 
(descriptive spatial study); iterative development of the NaCo-care model based on patient and 
provider input (mixed-methods exploratory); validation of the model through expert panel discussions 
(Delphi method) and usability testing; and a quasi-experimental pretest-posttest with a control group 
design to assess the model’s effectiveness. Key outcome measures include changes in glycated 
hemoglobin levels, systemic inflammatory and immunological responses (via molecular rapid test, 
acid-fast bacillus, and enzyme-linked immunosorbent assay), morisky medication adherence scale, 
and World Health Organization (WHO) quality of life. Data were analyzed using descriptive statistics, 
thematic analysis, content validity index (CVI), and analysis of covariance.

Results: The NaCo-care intervention group is expected to show significant improvement in 
glycemic control, biomarker profiles, medication adherence, and quality of life compared to 
controls, sustained over a six-month follow-up.

Conclusion: This study is anticipated to provide empirical evidence for the effectiveness of a 
nurse-led, community-based intervention for TBDM in rural Indonesia, addressing a key gap in 
integrated chronic disease management. 
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Introduction

uberculosis (TB) remains a major global 
health challenge, ranking as the second 
leading cause of death from infectious 
diseases worldwide [1]. The World Health 
Organization (WHO) estimates that ap-

proximately one-third of the global population is in-
fected with Mycobacterium tuberculosis, with about 
10.8 million new cases of active TB annually. The dis-
ease disproportionately affects low- and middle-income 
countries, where limitations in healthcare systems exac-
erbate its impact [2, 3].

A growing concern in global TB control is its interac-
tion with chronic non-communicable diseases, particu-
larly type 2 diabetes mellitus (DM). The co-existence of 
TB and DM, known as TBDM, is linked to delayed TB 
diagnosis, poor treatment outcomes, and higher mortality 
rates. A global meta-analysis found a 13.73% prevalence 
of DM among pulmonary TB patients, with the regional 
average in Southeast Asia at 14.62% [4]. Conversely, pa-
tients with type 2 DM face a higher risk of developing 
TB, with an incidence of approximately 130 cases per 
100,000 people annually, highlighting a mutually exac-
erbating relationship between the two diseases [5].

Indonesia bears the second-highest TB burden globally 
after India [6]. In 2023, Indonesia reported an estimated 
1.09 million TB cases and 125,000 TB-related deaths. 
Data from the Ministry of Health show that 41.6% of 
individuals with DM were suspected of having TB. In 
East Java, Jember Regency has the second-highest TB 
burden in the province. Although urban areas in Jember 
show high TBDM comorbidity, under-detection remains 
likely in rural agricultural areas, where access to diag-
nostic services and health literacy are limited [7, 8].

The Indonesian government has responded with poli-
cies, such as presidential regulation No. 67 of 2021, to 
integrate TBDM services into the national health system. 
These guidelines mandate bi-directional screening—
screening for TB in DM patients and vice versa—and 
advocate for a co-management approach [9, 10]. How-
ever, implementing these integrated services remains 
challenging due to fragmented TB and non-communi-
cable disease programs, weak intersectoral coordination, 
and a shortage of trained healthcare personnel in rural 
primary care facilities [11].

Nurses, especially community nurses, play a crucial 
role in managing TBDM. According to Minister of 
Health Regulation No. 26 of 2020, nurses play a central 

role in early detection, community empowerment, and 
managing chronic diseases in the community [12]. Their 
roles include conducting bi-directional screening, pro-
viding health education on glycemic control, and ensur-
ing treatment adherence [13]. However, limited compe-
tence, heavy workloads, and the absence of a structured 
model for TBDM management reduce the effectiveness 
of nursing interventions in community settings.

To address these limitations, an innovative nursing ap-
proach is required. The nurse-led care model, in which 
nurses manage patient care independently or in collabo-
ration with other health professionals, has shown effec-
tiveness in various healthcare settings [14]. Studies have 
demonstrated that nurse-led educational interventions 
can significantly lower glycated hemoglobin (HbA1c) 
levels and improve TB treatment outcomes, such as 
sputum conversion [15]. However, most of these mod-
els have been designed for hospital or clinical contexts, 
and their applicability in rural community-based settings 
remains unclear.

This study protocol introduces the nurse-led and com-
munity collaborative care (NaCo-care ) model, designed 
specifically for TBDM management in rural agricultural 
communities. The research will proceed in four system-
atic stages: initial epidemiological mapping to identify 
TBDM distribution; qualitative exploration to under-
stand barriers and facilitators of integrated care; model 
development and expert validation through the Delphi 
method; and quasi-experimental testing of the model’s 
effectiveness. This approach aims to fill the research gap 
in developing evidence-based, nurse-led community in-
terventions for TBDM in resource-limited rural settings.

The study aims to evaluate the effectiveness of the 
NaCo-care model in improving care quality and patient 
outcomes, including HbA1c control, systemic inflamma-
tion, and immunological responses (measured with mo-
lecular rapid test [MRT], acid-fast bacillus [AFB] test, 
and enzyme-linked immunosorbent assay [ELISA]), as 
well as treatment adherence and quality of life (QoL). 
The findings are expected to inform scalable strategies 
for integrating TBDM care into Indonesia’s primary 
healthcare system, particularly in rural agricultural popu-
lations. This research represents the first attempt to apply 
the NaCo-care model in Indonesia’s rural TBDM con-
text, highlighting its novelty and potential contribution 
to integrated community health services. The research 
is planned to be implemented over 12 months, encom-
passing model development, piloting, and evaluation to 
ensure sustainable application.

T
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Methods

This study is a mixed-methods research protocol, using 
Sumarni’s (2019) five-stage research and development 
model [16]. The study will be executed in four main 
stages: initial mapping, model development, model vali-
dation, and effectiveness testing.

Study location and time 

This research will be conducted in the rural agricultural 
areas of Jember Regency, East Java, at selected public 
health centers (Puskesmas). This location was chosen 
due to its high TBDM prevalence and limited integrated 
nursing interventions. The study will span approximately 
nine months: the first three months for stages 1-3 (map-
ping, model development, and validation), and the next 
six months for the quasi-experimental implementation 
(stage 4). The study stages are systematically designed to 
map patient needs, develop the NaCo-care model, vali-
date its feasibility, and test its effectiveness, as illustrated 
in Figure 1.

Stage 1: Initial mapping

A cross-sectional design will map the TBDM situation 
and immediate patient needs in Jember to support the 
NaCo-care intervention. The study will provide a de-
scriptive quantitative snapshot of clinical status, adher-
ence, and QoL at baseline. Findings will identify service 
gaps and guide the selection of focal components for 
the nurse-led collaborative model, as well as sampling 
frames and sites for subsequent stages.

Population and sample

The target population includes all patients with TBDM 
within the public health center (Puskesmas) of Jember. 
The selected Puskesmas were chosen based on the high 
number of reported TBDM cases and accessibility for 
follow-up visits. The analytic sample will comprise pa-
tients with active TB who are currently on TB therapy or 
recently initiated treatment. The sample size will be cal-
culated using the Slovin formula [17], with a population 
(N) of 4,419 TB patients and a 10% margin of error (e), 
resulting in a sample size (n) of approximately 98. Con-
secutive sampling will be applied at participating public 
health centers (Puskesmas) during the data-collection 
window to minimize selection bias and ensure feasibility 
across sites.

Inclusion criteria

Adults (≥18 years) with a confirmed diagnosis of ac-
tive TB; currently undergoing or having started TB treat-
ment within the last two months; able and willing to 
complete questionnaires and undergo laboratory testing. 
For the TBDM subgroup, a confirmed diagnosis of type 
2 DM is required. 

Exclusion criteria 

Severe systemic infection (e.g. HIV/AIDS), ongoing 
long-term immunosuppression (e.g. chronic steroids), or 
refusal/withdrawal of consent.

Procedure

Eligible attendees at Puskesmas will be screened, con-
sented, and enrolled consecutively. Trained nurses will 
capture demographics, clinical characteristics, treatment 
phase, and service-use data. Laboratory and patient-re-
ported outcomes will then be obtained in a single visit. 
Data quality will be ensured through standardized operat-
ing procedures, double-entry checks, and daily monitor-
ing. Descriptive statistics (means, medians, proportions, 
95% confidence intervals [CIs]) will summarize HbA1c, 
ELISA (tumor necrosis factor-alpha [TNF-α], interfer-
on-gamma [IF-γ]), MRT, AFB test, Morisky medication 
adherence scale (MMAS-8), and WHO quality of life 
(WHOQOL-BREF), depicting the population’s clinical 
and psychosocial profile.

Stage 2: Intervention model development

A qualitative design will be used to develop the NaCo-
care model, centering lived experiences of patients and 
operational realities of providers. The approach prioritiz-
es flexibility and depth, enabling the study team to sur-
face barriers, facilitators, and collaboration opportunities 
specific to TBDM care in Puskesmas settings. Findings 
from the Stage 1 mapping will guide participant selec-
tion and question development in Stage 2 qualitative 
inquiry, focusing on the most influential determinants 
identified quantitatively. The qualitative insights will 
then be synthesized to refine and contextualize the in-
tervention components, ensuring that the NaCo-care 
model is both evidence-informed and responsive to local 
healthcare system constraints. Outputs will be translated 
into a pragmatic, nurse-led, team-based model.
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Population and sample

This stage will involve three participant groups: TBDM 
patients, nurses, and doctors in selected Puskesmas. Pa-
tients will be purposively recruited until thematic satu-
ration is achieved, typically within 12–26 participants, 
based on prior qualitative studies involving the T2DM 
population [18–20]. All nurses and physicians directly 
engaged in TBDM care will be included through total 
sampling to capture comprehensive provider perspec-
tives. Previous qualitative studies suggest that 10–20 
health workers are generally sufficient to reach thematic 
saturation [21, 22].

Inclusion criteria

Patients: confirmed active TB with type 2 DM; ≥1 
month on treatment; age ≥18; able to communicate ver-
bally; consent provided. Providers: nurses and doctors 
with ≥6 months’ experience directly delivering TBDM 
services at the site; consent provided.

Procedure

Data will be collected via in-depth interviews with pa-
tients and focus group discussions (FGDs) with provid-
ers, using semi-structured guides aligned to the TBDM 
care pathway. Topics include care coordination, adher-
ence challenges, psychosocial needs, stigma, clinical 
monitoring, and interprofessional collaboration. Audio 
recordings will be transcribed verbatim. Thematic anal-
ysis will be conducted iteratively to identify essential 
functions, workflow, and role delineation. Findings will 
be synthesized into a draft NaCo-care model and patient/
provider tools (education, monitoring, and support com-
ponents). Themes identified from Stage 2 will be synthe-
sized to refine the NaCo-care model components, ensur-
ing that the intervention design reflects real contextual 
barriers and facilitators identified in the field.

Stage 3: Intervention model validation

A mixed-methods exploratory design will validate the 
NaCo-care model for feasibility, relevance, and imple-
mentability. Building on the qualitative insights from 
Stage 2, which identified key barriers, facilitators, and 
collaboration mechanisms in TBDM management, the 
qualitative core of Stage 3 will utilize the Delphi method 
with a multidisciplinary panel of experts [23, 24]—com-
prising nurses, physicians, and public health practitio-
ners—to iteratively refine model components, workflow 
structures, and community engagement strategies until 
consensus is reached. 

Population and sample

An expert panel of 8–10 members will be purposively 
selected from community nursing, infectious diseases, 
diabetes management, and health policy. The number of 
experts required for the Delphi method can vary widely. 
Small panels (as few as 8-10 experts) can be effective, 
especially if the experts are well-defined and the topic is 
specific [23, 24]. Additionally, a small convenience sam-
ple of TBDM patients (and, if appropriate, nurses) will 
be engaged for brief usability testing of patient-facing 
and provider-facing materials.

Inclusion criteria

Experts: recognized clinical/academic qualifications, 
active engagement in practice/research, and TBDM-rel-
evant expertise; consent provided. Patients: confirmed 
TBDM; currently in care; able to provide feedback on 
clarity and practicality; consent provided.

Procedure

Delphi round 1 will gather structured ratings and free-
text feedback on model components (e.g. nurse roles, 
monitoring cadence, education modules, and referral 
criteria). Summaries and revisions will be circulated for 
Round 2 or 3 until consensus is achieved, using agree-
ment rates and Kendall’s W to quantify concordance. 
In parallel, content validity will be calculated (I-content 
validity index [CVI], S-CVI), with S-CVI ≥ 0.78 consid-
ered adequate. Usability testing (think-aloud/cognitive 
debriefs) with a few TBDM patients will assess clarity, 
perceived usefulness, and burden; findings will inform 
final edits. Delphi rating forms (Likert scales), consen-
sus tracking sheets, Kendall’s W calculator/spreadsheet, 
CVI scoring matrices (I-CVI, S-CVI), short usability 
questionnaires/interview guides, and a change-log to 
document decisions and finalize the NaCo-care package.

Stage 4: Effectiveness testing

A quasi-experimental pre-test–post-test control-group 
design will evaluate the NaCo-care effectiveness versus 
standard care. The intervention consists of a 24-week, 
nurse-led program using NaCo-care that integrates com-
munity-based care, structured education, clinical moni-
toring, and psychosocial support through in-person vis-
its and telehealth or social media platforms to maintain 
engagement and adherence. The intervention begins at 
baseline, followed by scheduled follow-up assessments 
at Month 2, Month 5, and Month 6.
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Population and sample

The population includes all TBDM patients in Jem-
ber. Using SPSS software, Version 23.0 (IBM Corp., 
Armonk, NY, USA). and allowing for attrition, 60 par-
ticipants will be enrolled: 30 in the intervention group 
and 30 in the control group. Purposive sampling at par-
ticipating Puskesmas will identify eligible participants, 
with non-random allocation at the facility or patient level 
consistent with quasi-experimental practice.

Inclusion criteria

Adults (≥18) with confirmed TBDM; currently on TB 
treatment; willing to participate for six months and com-
plete all assessments; consent provided. 

Exclusion criteria 

Severe systemic infection (e.g. HIV/AIDS), long-term 
immunosuppression, or refusal/withdrawal of consent.

Procedure

After baseline (pre-test, Month 0), the intervention group 
receives NaCo-care ; the control group continues standard 
puskesmas care. follow-up measurements occur at month 
2 (observation 1), month 5 (observation 2), and month 6 
(observation 3). measurement schedule per diagram:

Pre-test (baseline, month 0): HbA1c, ELISA (TNF-α, 
IF-γ), MRT, AFB test, MMAS-8, WHOQOL-BREF. 
Post-test 1 (observation 1, month 2): ELISA (TNF-α, IF-
γ), AFB test, MMAS-8, WHOQOL-BREF. Post-test 2 
(observation 2, month 5): HbA1c, AFB test, MMAS-8, 
WHOQOL-BREF. Post-test 3 (observation 3, month 6): 
AFB test, MMAS-8, WHOQOL-BREF.

Instruments

Quantitative design

Glycated hemoglobin: Glycated hemoglobin (HbA1c) 
testing is performed using standard laboratory equipment 
based on immunoturbidimetry or high-performance liq-
uid chromatography, depending on available facilities. 
HbA1c reflects the average blood glucose level over the 
past 2–3 months and is a crucial indicator in managing 
DM. HbA1c values are usually expressed as a percent-
age, with a normal range of <5.7%, prediabetes 5.7–
6.4%, and diabetes ≥6.5% according to the American 
Diabetes Association. This test has high reliability, with 
a coefficient of variation of <3%, and has been widely 
used in clinical studies and primary health care [25].

Molecular rapid test: The molecular rapid test (MRT) 
detects the presence of M. tuberculosis and rifampicin 
resistance using a PCR-based genetic amplification tech-
nique. This test is recommended by the WHO (2016) 
as a rapid TB diagnostic tool with high sensitivity and 
specificity (sensitivity >90% for pulmonary TB cases). 
This instrument requires trained laboratory personnel 
and equipment validation before routine use [26].

Acid-fast bacillus test: In this study, the AFB test con-
firms the presence of M. tuberculosis infection among 
participants diagnosed with TBDM [27]. The test serves 
as an essential baseline diagnostic tool to verify TB status 
before implementing the NaCo-care intervention, ensur-
ing that all enrolled participants meet the inclusion crite-
ria for active or previously treated TB [28]. Furthermore, 
AFB results are utilized to monitor treatment progress 
and bacteriological conversion during follow-up assess-
ments, supporting evaluation of clinical outcomes as-
sociated with the integrated nurse-led and collaborative 
community care model.

Enzyme-linked immunosorbent assay: ELISA is a 
laboratory method used to detect specific antibodies or 
antigens in a blood sample. In this study, ELISA was used 
to detect antibodies against M. tuberculosis, specifically 
to assess a patient’s immunological status. Its working 
principle is the interaction of enzyme-labeled antigens 
with antibodies, with the results converted into a color 
reading (optical density). ELISA has high sensitivity and 
specificity, depending on the kit used, with validity deter-
mined by WHO standards and the kit manufacturer. ELI-
SA results are typically qualitative (positive/negative) or 
quantitative, based on the antibody titer [29].

Morisky medication adherence scale: The MMAS-8 
is a questionnaire developed by Morisky et al. in 2008 
to measure patient adherence to self-administered medi-
cations. The instrument consists of eight closed-ended 
questions: Seven yes/no and one 5-point Likert-scale 
question. The total score ranges from 0 to 8, with the fol-
lowing categories: high adherence (score 8), moderate 
adherence (score 6–7), and low adherence (score<6). The 
construct validity of the MMAS-8 has been tested in vari-
ous chronic disease populations, including diabetes and 
TB, with internal reliability Cronbach’s α>0.759 [30]. 

World Health Organization quality of life: The 
WHOQOL-BREF is a quality-of-life instrument de-
veloped by the WHO and is a shortened version of the 
WHOQOL-100. Consisting of 26 questions, this instru-
ment covers four domains: Physical health, psychological 
health, social relationships, and the environment. Each 
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item is measured on a 5-point Likert scale (1–5), with the 
total score converted to a scale of 0–100. The WHOQOL-
BREF has been proven valid and reliable internationally, 
including in Indonesia, with Cronbach’s α values rang-
ing from 0.816 for each domain. Scores are categorized 
based on percentiles: low QoL (≤25th percentile), moder-
ate (P25<x<P75), and high (≥75th percentile) [31]. 

Qualitative design

Intervention model development: A qualitative in-
strument will consist of semi-structured interview guides 
for patients and FGD guides for healthcare providers. 
The interview guide for patients will include open-ended 
questions exploring their experiences with TBDM treat-
ment, barriers to adherence, psychosocial needs, percep-
tions of healthcare support, and suggestions for improv-
ing care delivery. The FGD guide for nurses and doctors 
will focus on collaborative practices, interprofessional 
communication, role clarity, workload management, and 
perceived challenges in managing TBDM cases. Both 
guides will be developed based on literature review, 
expert consultation, and pilot testing to ensure cultural 
appropriateness and clarity. Supporting instruments will 
include audio recorders for capturing verbatim data, 
transcription templates for data management, and reflex-
ive journals for researchers to document observations, 
contextual nuances, and non-verbal cues during data col-
lection. NVivo software will be employed to code and 
analyze transcripts, enabling systematic identification 
of key themes that inform the initial NaCo-care model 
framework.

Intervention model validation: The qualitative instru-
ment will center on structured Delphi questionnaires for 
experts, designed to collect iterative feedback on each 
component of the NaCo-care model. The questionnaire 
will include rating scales (e.g. relevance, feasibility, clar-
ity, and comprehensiveness) and open-text boxes for 
detailed qualitative feedback. Each Delphi round will re-
fine the model by integrating expert comments and pre-
senting revised versions back to the panel. Additionally, 
short usability interview guides will be employed with 
a small group of TBDM patients to test the clarity and 
practicality of educational materials, monitoring tools, 
and psychosocial support modules. Field notes and ob-
servation checklists will complement the data, capturing 
usability issues such as comprehension difficulties, time 
burden, or acceptability. Together, these instruments will 
provide rich qualitative insights to validate the NaCo-
care model before broader implementation.

Data analysis

Data will be analyzed in four sequential stages ac-
cording to the research design, and missing data will be 
handled using the intention-to-treat (ITT) approach to 
ensure that all participants initially enrolled are included 
in the final analysis according to their original group al-
location. 

Stage 1: Quantitative data will be analyzed using struc-
tural equation modeling (SEM) to identify and examine 
the most influential determinants of treatment adherence 
and QoL. SEM is chosen because it allows simultaneous 
testing of multiple interrelated variables and provides a 
comprehensive understanding of the direct and indirect 
pathways influencing the outcomes. This analysis will 
produce a conceptual structure of factors that form the 
foundation for developing the NaCo-care model.

Stage 2: Thematic analysis will be used to analyze qualita-
tive data from in-depth interviews and FGDs with patients, 
physicians, and nurses. This approach will capture the con-
textual and behavioral aspects underlying the findings from 
Stage 1, allowing a deeper interpretation of barriers and facil-
itators to care adherence and patient well-being. The results 
of this stage will serve to refine and strengthen the conceptual 
framework of the NACoCare model.

Stage 3: Data from the Delphi method will be analyzed 
descriptively to assess expert consensus on the relevance, 
clarity, and feasibility of each component of the NACoCare 
model. Consensus will be determined based on agreement 
percentages and the interquartile range criteria. This stage 
ensures the content validity and practical applicability of the 
developed model before implementation.

Stage 4: The effectiveness of the validated NACoCare 
model will be evaluated using a quasi-experimental design 
with repeated measurements. Data will be analyzed us-
ing both within-group and between-group approaches. For 
within-group comparisons across four measurement points 
(month 0, 2, 5, and 6), repeated-measures analysis of vari-
ance will be applied to examine time-related effects. For be-
tween-group comparisons, analysis of covariance will be em-
ployed to compare post-intervention outcomes between the 
intervention and control groups while controlling for baseline 
values. Data normality will be tested using the Shapiro–Wilk 
test, and the assumption of sphericity will be verified with 
Mauchly’s test. Analyses will be performed using SPSS 
software, version 23 with a significance level set at P<0.05. 
Missing data will be handled using the ITT approach, ensur-
ing that all participants initially enrolled are included in the 
final analysis according to their original group allocation.
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Results

The established protocol defines the NaCo-care mod-
el as a structured, nurse-led, community-based col-
laborative care model for the integrated management 
of tuberculosis and type 2 diabetes mellitus (TB-DM) 
in rural agricultural settings. Findings from the ini-
tial prospective mapping phase are expected to pro-
vide a comprehensive characterization of patients 
with TB-DM, including their demographic profiles, 
clinical status, treatment adherence, quality of life, and 
barriers to accessing care. These findings will sub-
sequently inform the identification of priority com-
ponents and contextual requirements for the develop-
ment of an integrated, community-based care model. 
The model development phase is expected to generate a 
contextually tailored NaCo-care framework incorporat-
ing nurse-led care coordination, collaborative manage-
ment among healthcare providers, patient education, 
medication adherence support, clinical monitoring, 
and community engagement. Qualitative data obtained 
from patients, nurses, and physicians are also expect-
ed to identify key barriers, facilitators, and contex-
tual factors that influence the management of TB-DM. 
The validation phase is designed to establish the fea-
sibility, relevance, and content validity of the NaCo-
care model through expert consensus using the Delphi 
method, together with usability testing. The validated 
model is expected to include standardized interven-
tion components, implementation strategies, monitor-
ing tools, and multidisciplinary care pathways that 
are appropriate for community healthcare settings. 
The effectiveness-testing phase will evaluate wheth-
er participants receiving the NaCo-care intervention 
achieve better outcomes than those receiving usual care. 
Expected improvements include enhanced glycemic 
control, as reflected by HbA1c levels; improved tuber-
culosis treatment indicators, including AFB conversion 
and molecular diagnostic profiles; and more favorable 
immunological responses, including TNF-α and IFN-γ 
levels. Treatment adherence will also be assessed dur-
ing the 180-day follow-up using the Morisky medication 
adherence scale-8 (MMAS-8), with the intervention arm 
expected to demonstrate a higher adherence rate than the 
usual-care arm.

Discussion

This study explores the effectiveness of NaCo-care in 
managing the dual burden of TBDM in rural Indonesia. 
The findings are expected to provide evidence of how 
integrated, nurse-led interventions can address the inter-

twined challenges of metabolic and infectious diseases. 
The discussion centers on four interrelated themes: clini-
cal efficacy, the role of community nurses, holistic pa-
tient care, and policy implications.

The anticipated improvements in HbA1c levels, AFB, 
and ELISA results are expected to demonstrate the clini-
cal efficacy of the NaCo-care model. Glycemic control, 
as reflected by reduced HbA1c, is a well-established 
predictor of better diabetes outcomes, and its improve-
ment also has implications for TB management [32]. 
Prior studies have shown that hyperglycemia impairs 
macrophage activation and cytokine balance, promoting 
TB reactivation [33]. Therefore, improvements in both 
metabolic (HbA1c) and immunologic (ELISA) param-
eters highlight that TBDM management requires inte-
grated interventions rather than isolated disease-focused 
care [34, 35]. The expected reduction in AFB positivity 
across post-test stages further reinforces the model’s po-
tential to improve treatment outcomes.

Nurses play a pivotal role in coordinating and imple-
menting care in rural settings where physician access 
is limited. The NaCo-care model positions community 
nurses as both clinical practitioners and care coordina-
tors who connect national guidelines with local reali-
ties. Through partnerships with health cadres, families, 
and community leaders, nurses ensure that TBDM care 
remains culturally appropriate, context-sensitive, and 
sustainable [36, 37]. This aligns with global health evi-
dence emphasizing task-shifting and empowering nurses 
to address workforce shortages in primary care [38]. By 
fostering long-term adherence and providing continuous 
support, nurses can ensure continuity and trust, both es-
sential for chronic disease management.

Beyond clinical indicators, improvements in medica-
tion adherence (MMAS-8) and WHOQOL-BREF are 
expected to reflect the holistic benefits of the NaCo-
care approach. These outcomes underscore the impor-
tance of considering psychosocial and behavioral factors 
alongside biomedical management in TBDM care. Pa-
tient education, family engagement, and ongoing nurse 
follow-up enhance patient empowerment, motivation, 
and health literacy [39, 40]. These outcomes reflect the 
principles of patient-centered care, which recognizes pa-
tients as active agents in managing their conditions and 
improving overall well-being [41].

The NaCo-care model offers a scalable and sustainable 
framework that supports the national agenda for integrat-
ing TB and DM services at the puskesmas level. By utiliz-
ing existing community-based infrastructure, such as po-
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syandu and local health cadres, the model leverages local 
resources, minimizes costs, and enhances feasibility [42]. 
Rather than creating parallel programs, this approach 
strengthens existing systems and supports the long-term 
sustainability of TBDM control efforts [43, 44].

A pivotal theme emerging from the results is the central 
role of nurses in delivering and coordinating care. In ru-
ral Indonesia, where access to specialized physicians is 
limited, community nurses often represent the frontline 
of health care. The NaCo-care model empowers nurses 
not only to deliver clinical interventions but also to coor-
dinate care and bridge national guidelines with local re-
alities. By collaborating with community health cadres, 
families, and local leaders, nurses can ensure that care is 
culturally appropriate, locally feasible, and responsive to 
community needs [37]. 

This study’s most significant contribution lies in its 
policy implications. Indonesia, like many other low- and 
middle-income countries, faces the dual challenge of 
high TB prevalence and rising diabetes incidence. Na-
tional health policies already emphasize integrating TB 
and DM services at the primary care level, but imple-
mentation remains uneven, particularly in rural areas 
[45]. The successful application of the NaCo-care model 
may provide an evidence-based framework for strength-
ening the integration of TBDM services within Indone-
sia’s primary healthcare system.

However, several potential challenges must be acknowl-
edged. Participant dropout may affect the consistency of 
follow-up data over 24 weeks, especially in mobile rural 
populations. Inter-facility variability, including differenc-
es in staff competencies and resource availability, may in-
fluence intervention fidelity. Limited laboratory capacity 
could also hinder the regular testing of ELISA, HbA1c, 
and AFB samples. Addressing these challenges through 
standardized protocols, periodic nurse retraining, and in-
tegrated data monitoring will be essential to maintain the 
reliability and reproducibility of the NaCo-care model.

Regarding generalizability, while this study was con-
ducted in rural agricultural communities in Jember, its 
conceptual framework is adaptable to other low-resource 
regions with similar TBDM burdens. The structured col-
laboration among nurses, local health authorities, and 
communities can inform broader applications in other 
provinces or LMICs facing similar comorbidity challeng-
es. Long-term sustainability will depend on policy adop-
tion, integration into public health financing systems, and 
continued professional development for nurses.

This study represents the first implementation of the 
NaCo-care model in rural agricultural areas of Indone-
sia, addressing the gap in integrated TBDM manage-
ment at the community level. Its novelty lies in adapting 
a nurse-led framework to a community-based primary 
care context, supported by collaborative intersectoral en-
gagement.

The research is projected to follow a 12-month timeline 
covering model development, pilot implementation, and 
evaluation phases, which will serve as the foundation for 
future scaling and policy integration across other rural 
regions.

Study limitations 

As with any study, the findings must be interpreted 
within the context of certain limitations. The quasi-
experimental design may introduce selection bias, as 
participants are not randomly assigned to intervention 
and control groups. Additionally, the relatively short in-
tervention duration and variability among participating 
facilities may influence the consistency of the observed 
effects. Differences in healthcare infrastructure, avail-
ability of diagnostic tools such as the MRT and AFB 
test, as well as variations in nurse competencies and 
patient engagement, may also impact the intervention 
outcomes. Furthermore, self-reported measures used to 
assess adherence and QoL may be subject to response 
bias. Despite these limitations, the study provides valu-
able real-world insights into the feasibility and potential 
impact of a nurse-led, community-based model for man-
aging TBDM comorbidity in rural settings.

Conclusion

Upon completion, this study is expected to conclude 
that the NaCo-care model is an effective and evidence-
based intervention for managing patients with TBDM in 
rural agricultural areas. The intervention is anticipated 
to demonstrate significant improvements in clinical, 
adherence, and QoL outcomes for patients who receive 
the NaCo-care intervention compared to those receiving 
standard care. Furthermore, the findings are expected to 
contribute to clinical practice by strengthening nurse-led 
community care, inform nursing education by integrat-
ing collaborative chronic disease management into cur-
ricula, and support public health policy by providing em-
pirical evidence to scale up nurse-led TBDM programs 
in resource-limited settings.
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