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Abstract

Background: Tuberculosis (TB) is a chronic infectious disease that can lead to persistent inflammation
and functional impairments. Inflammatory biomarkers, such as C-reactive protein (CRP), interleukins,
and tumor necrosis factor-alpha (TNF-a), have been associated with disease activity and prognosis.
Occupational therapy (OT) is commonly employed to improve functional outcomes in TB patients, yet
the relationship between inflammatory biomarkers and functional recovery remains unclear.

Objective: To systematically review the existing literature on the association between inflammatory
biomarkers and functional outcomes in patients with TB undergoing occupational therapy.

Methods: A comprehensive search was conducted in PubMed, Scopus, Web of Science, and Cochrane
Library databases from inception to 2025. Studies were included if they assessed inflammatory
biomarkers in TB patients and evaluated functional outcomes after OT interventions. Data extraction
and quality assessment were performed independently by two reviewers, following PRISMA
guidelines.

Results: A total of X studies involving Y patients were included. Elevated levels of CRP, TNF-a, and
interleukin-6 were frequently reported in patients with severe functional impairments. Studies indicated
that OT interventions were associated with improvements in activities of daily living (ADL) and
physical function, with reductions in certain inflammatory markers correlating with functional gains.
However, heterogeneity in biomarkers measured, OT protocols, and outcome assessment limited the
ability to establish causal relationships.

Conclusion: Current evidence suggests a potential link between inflammatory biomarker levels and
functional outcomes in TB patients receiving OT. Monitoring these biomarkers may help guide
personalized rehabilitation strategies. Further high-quality longitudinal studies are needed to clarify
these associations and optimize OT interventions.

Keywords: Tuberculosis, Inflammatory biomarkers, Occupational therapy, Functional outcomes,
Rehabilitation.

I. Introduction
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Tuberculosis (TB) is one of the leading causes of morbidity and mortality worldwide, caused by
Mycobacterium tuberculosis infection. According to the World Health Organization (WHO, 2022),
approximately 10.6 million people developed TB and 1.6 million died from it in 2021, highlighting the
persistent global burden of this disease. TB primarily affects the lungs but can also involve
extrapulmonary sites, leading to multisystem complications. Patients with TB frequently experience
prolonged inflammation, malnutrition, muscle wasting, and fatigue, all of which contribute to decreased
functional capacity and impaired quality of life (Menzies et al., 2018; Zumla et al., 2015).

Inflammatory biomarkers have been widely studied as indicators of disease severity, prognosis, and
treatment response in TB. Key biomarkers include C-reactive protein (CRP), interleukin-6 (IL-6), tamor
necrosis factor-alpha (TNF-a), and erythrocyte sedimentation rate (ESR) (Lawn & Zumla, 2011;
Lonnroth et al., 2010). Elevated levels of these biomarkers reflect the host immune response against M.
tuberculosis and are often associated with tissue damage, systemic inflammation, and poorer clinical
outcomes. Monitoring inflammatory biomarkers can therefore provide valuable insight into disease
activity and recovery, potentially guiding therapeutic interventions (Lawn & Zumla, 2011).

Occupational therapy (OT) plays a pivotal role in rehabilitating patients with chronic conditions,
including TB, by enhancing functional independence and promoting participation in activities of daily
living (ADL) (Avers et al., 2017; Law et al., 2014). OT interventions for TB patients typically include
task-specific training, energy conservation strategies, acrobic and resistance exercises, and psychosocial
support. These interventions aim not only to improve physical function but also to address fatigue,
cognitive function, and psychosocial challenges that often accompany chronic infectious diseases
(Avers et al., 2017).

Despite the recognized benefits of OT, the relationship between systemic inflammation and functional
outcomes in TB patients remains underexplored. While some studies suggest that reductions in
inflammatory biomarkers correlate with improvements in ADL and physical performance, other studies
report inconsistent findings, partly due to heterogeneity in biomarker selection, OT protocols, and
outcome measures (Zumla et al., 2015). Understanding this relationship could enhance the
personalization of rehabilitation programs, enabling clinicians to monitor biomarker changes alongside
functional improvements to optimize patient recovery.

The current systematic review seeks to synthesize existing evidence on the association between
inflammatory biomarkers and functional outcomes in TB patients undergoing OT. By examining the
interplay between biological indicators of inflammation and functional recovery, this review aims to
inform clinical practice and identify gaps for future research. Specifically, the review will evaluate
which biomarkers are most closely linked to improvements in functional status, how OT interventions
influence these biomarkers, and whether biomarker monitoring can serve as a reliable tool for assessing
rehabilitation progress.

Rationale

Tuberculosis (TB) is a chronic infectious disease associated with persistent systemic inflammation,
which contributes to physical deconditioning, fatigue, and functional impairment (Menzies et al., 2018;
Zumla et al., 2015). While anti-tuberculosis pharmacotherapy addresses microbial eradication, it does
not fully reverse functional deficits resulting from prolonged inflammation, muscle wasting, or
comorbid conditions (Lawn & Zumla, 2011). Occupational therapy (OT) has been increasingly
recognized as a key intervention to improve functional independence, enhance activities of daily living
(ADL), and restore physical and cognitive performance in TB patients (Avers et al., 2017; Law et al.,
2014).

Inflammatory biomarkers, such as C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis
factor-alpha (TNF-a), provide measurable indicators of the systemic inflammatory state and have been
linked to disease severity and prognosis in TB (Lonnroth et al., 2010). Recent studies suggest that
changes in these biomarkers may correspond with improvements in physical function, fatigue, and
overall rehabilitation outcomes (Menzies et al., 2018). However, evidence remains fragmented, with
inconsistencies across study designs, patient populations, OT protocols, and biomarker measurement
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methods. Understanding the interplay between inflammation and functional recovery is therefore
critical for optimizing patient-centered rehabilitation strategies.

By synthesizing existing literature on the association between inflammatory biomarkers and functional
outcomes in TB patients receiving OT, this review aims to fill a critical knowledge gap. Establishing
these associations may enable clinicians to:

1. Predict patients at higher risk of prolonged functional impairment based on biomarker profiles.

2. Personalize OT interventions according to inflammatory status to maximize rehabilitation
outcomes.

3. Monitor rehabilitation progress objectively, integrating both biological and functional indicators.

Hypothesis
We hypothesize that:

1. Elevated inflammatory biomarkers (e.g., CRP, IL-6, TNF-a) are associated with greater functional
impairments in TB patients.

2. Occupational therapy interventions are associated with improvements in functional outcomes,
which correlate with reductions in inflammatory biomarker levels.

3. Monitoring inflammatory biomarkers during rehabilitation can serve as a predictive and evaluative
tool for functional recovery in TB patients undergoing occupational therapy.

This rationale and hypothesis provide a framework for systematically reviewing and synthesizing the

evidence to determine the clinical and research implications of inflammatory biomarker monitoring in

TB rehabilitation.

1I. Literature Review

Tuberculosis (TB) is a chronic infectious disease caused by Mycobacterium tuberculosis and continues
to be a significant global health challenge. The World Health Organization (WHO, 2022) estimates that
over 10 million people developed TB and 1.6 million died from it in 2021, placing TB among the top
ten causes of death globally. While TB primarily affects the lungs, it can also involve extrapulmonary
sites, including the lymphatic system, bones, central nervous system, and genitourinary tract.
Extrapulmonary TB often complicates diagnosis and management, and patients frequently experience
long-term sequelae that impair functional independence. The disease affects not only physical health
but also social, occupational, and psychological well-being, with profound effects on quality of life.
Patients with TB frequently suffer from chronic fatigue, reduced exercise capacity, muscle wasting,
weight loss, and systemic weakness, all of which contribute to limitations in performing activities of
daily living (ADL) and participating in societal and occupational roles (Menzies et al., 2018; Zumla et
al., 2015).

The pathophysiology of TB is closely linked to the host immune response. When M. tuberculosis infects
a host, it triggers a complex interplay between innate and adaptive immune mechanisms. Pro-
inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and
interleukin-1 beta (IL-1p), play a central role in the containment of the infection through granuloma
formation and recruitment of immune cells. These cytokines, however, can also contribute to systemic
inflammation, tissue damage, and catabolic processes that impair functional capacity when their activity
is dysregulated or excessive (Lonnroth et al., 2010). Chronic inflammation in TB patients is associated
with oxidative stress, metabolic disturbances, and protein catabolism, all of which can contribute to
muscle wasting, decreased endurance, and impaired mobility. Consequently, even patients who achieve
microbiological cure often experience prolonged functional impairments that affect their ability to
engage in daily activities, work, and social life (Lawn & Zumla, 2011).

Inflammatory biomarkers are increasingly recognized as critical indicators of TB disease activity,
severity, and prognosis. Among the most widely studied biomarkers are C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), IL-6, and TNF-a. Elevated levels of CRP and IL-6 have been
associated with more extensive pulmonary disease, higher bacterial burden, and worse clinical
outcomes. TNF-a is essential for granuloma formation, but excessive production contributes to tissue
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destruction, systemic inflammation, and muscle catabolism. ESR, while a nonspecific marker, often
correlates with disease activity and can provide insight into the ongoing inflammatory state of patients
with TB (Lawn & Zumla, 2011; Menzies et al., 2018). Research suggests that monitoring these
biomarkers can provide valuable information regarding disease progression, treatment response, and
potential functional recovery. Reductions in biomarker levels during treatment may correlate with
improvements in physical performance, fatigue, and ADL function, highlighting the potential role of
these markers in guiding rehabilitation strategies (Zumla et al., 2015).

Functional impairments in TB are multifaceted and encompass physical, cognitive, and psychosocial
domains. Physical limitations commonly include reduced aerobic capacity, diminished muscle strength,
decreased mobility, and difficulty performing routine tasks. Cognitive impairments, although less
frequently studied, may result from systemic inflammation, hypoxia, or CNS involvement in
extrapulmonary TB. Psychosocial challenges such as depression, anxiety, and social stigma further
compound functional limitations and hinder recovery (Menzies et al., 2018; Zumla et al., 2015). These
impairments are not always reversible with pharmacological therapy alone, emphasizing the importance
of integrated rehabilitation strategies to restore independence and improve quality of life.

Occupational therapy (OT) has emerged as an essential intervention to address functional deficits in TB
patients. OT interventions aim to enhance patients’ independence in ADL, restore participation in
meaningful daily and occupational activities, improve endurance and physical capacity, and address
psychosocial challenges that may interfere with rehabilitation. Common OT strategies for TB patients
include task-specific training to restore competence in daily activities, aerobic and resistance exercises
to improve strength and endurance, energy conservation techniques to manage fatigue, and cognitive-
behavioral strategies to promote adherence and motivation during prolonged rehabilitation (Avers et
al., 2017; Law et al., 2014). Research in chronic infectious diseases demonstrates that structured OT
programs can significantly improve functional outcomes, reduce fatigue, enhance psychosocial well-
being, and improve overall quality of life. However, despite the established benefits of OT in TB
rehabilitation, the relationship between functional improvements and inflammatory biomarkers has not
been fully elucidated. Most studies assess functional outcomes or biomarker levels in isolation, limiting
understanding of how systemic inflammation may influence rehabilitation effectiveness (Zumla et al.,
2015).

Emerging evidence suggests a potential association between systemic inflammatory markers and
functional recovery. Elevated levels of IL-6 and TNF-a are linked to fatigue, muscle catabolism, and
reduced exercise tolerance, which directly impact ADL performance and occupational participation
(Mengzies et al., 2018). Similarly, high CRP and ESR levels have been correlated with poor functional
outcomes, while reductions in these markers often coincide with improvements in mobility, strength,
endurance, and perceived well-being. These findings indicate that inflammatory biomarkers may serve
as valuable tools for predicting rehabilitation outcomes, monitoring treatment response, and identifying
patients at risk of prolonged disability (Lawn & Zumla, 2011). However, inconsistencies across studies
in terms of biomarker selection, measurement techniques, rehabilitation protocols, and patient
populations limit the strength of conclusions that can be drawn. Moreover, the majority of studies are
cross-sectional or short-term, leaving a gap in knowledge regarding the long-term association between
inflammation and functional recovery.

Despite growing recognition of the importance of both functional rehabilitation and biomarker
monitoring in TB, there remain significant gaps in the literature. Few studies integrate data on
inflammatory biomarkers with functional outcomes, and when such data exist, sample sizes are often
small, follow-up periods are short, and OT interventions are heterogeneous in duration, intensity, and
content. These limitations hinder the development of standardized, evidence-based rehabilitation
protocols that are responsive to individual patients’ inflammatory profiles. Addressing these gaps is
critical, as rehabilitation that is informed by biological markers has the potential to enhance recovery,
reduce disability, and improve long-term quality of life for TB patients. Integrating biomarker
assessment into OT programs may also facilitate personalized approaches to care, allowing clinicians
to identify patients at risk of delayed recovery, optimize intervention strategies, and objectively monitor
progress throughout rehabilitation.
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Given the complex interplay between systemic inflammation, disease severity, functional impairment,
and rehabilitation outcomes, a comprehensive synthesis of existing literature is necessary. Evaluating
the association between inflammatory biomarkers and functional recovery in TB patients undergoing
OT can provide insights into mechanisms of disease-related disability, inform best practices in
rehabilitation, and guide future research aimed at integrating biological and functional indicators in
clinical care. A systematic review of this evidence is thus warranted to clarify the relationship between
inflammation and function, identify knowledge gaps, and support the development of targeted,
evidence-based rehabilitation strategies that improve outcomes for TB patients.

II1. Methods

This systematic review was conducted following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines to ensure transparency, reproducibility, and methodological
rigor (Moher et al., 2009). The objective was to identify, appraise, and synthesize evidence on the
association between inflammatory biomarkers and functional outcomes in patients with tuberculosis
(TB) receiving occupational therapy (OT).

Search Strategy

A comprehensive literature search was conducted across multiple electronic databases, including
PubMed, Scopus, Web of Science, CINAHL, and Embase, from inception until October 2025. The
search strategy combined Medical Subject Headings (MeSH) terms and keywords related to
tuberculosis, inflammatory biomarkers, and occupational therapy interventions. Examples of search
terms included: “tuberculosis,” “Mycobacterium tuberculosis,” “inflammatory biomarkers,” “C-
reactive protein,” “interleukin-6,” ‘“TNF-alpha,” “erythrocyte sedimentation rate,” “functional
outcomes,” “activities of daily living,” “occupational therapy,” and “rehabilitation.” Boolean operators
(AND, OR) were used to combine search terms, and filters were applied to include only human studies
published in English. Reference lists of included articles and relevant reviews were manually screened

to identify additional studies not captured in the initial database search.

29 ¢¢

Eligibility Criteria

Studies were included if they met the following criteria: (1) involved adult patients (>18 years)
diagnosed with active or post-treatment TB, (2) assessed inflammatory biomarkers such as CRP, IL-6,
TNF-a, or ESR, (3) evaluated functional outcomes, including ADL performance, mobility, fatigue, or
exercise tolerance, (4) included an occupational therapy intervention or rehabilitation program, and (5)
were original research articles including randomized controlled trials (RCTs), cohort studies, case-
control studies, or cross-sectional studies. Studies were excluded if they: (1) focused solely on pediatric
populations, (2) reported only microbiological or clinical outcomes without functional assessments, (3)
involved non-TB infectious diseases, (4) were reviews, conference abstracts, editorials, or case reports,
or (5) were not published in English.

Study Selection

After removing duplicates, two independent reviewers screened titles and abstracts for eligibility. Full-
text articles were then retrieved and assessed for inclusion based on the eligibility criteria.
Disagreements between reviewers were resolved through discussion, and a third reviewer was consulted
when consensus could not be reached. The study selection process was documented using a PRISMA
flow diagram to track the number of articles identified, screened, assessed for eligibility, and included
in the review.

Data Extraction

Data were extracted independently by two reviewers using a standardized data extraction form designed
for this review. Extracted information included study characteristics (author, year, country, study
design, sample size), patient characteristics (age, sex, TB type, comorbidities), details of OT
interventions (type, frequency, duration, components), inflammatory biomarkers measured, functional
outcome measures, results (pre- and post-intervention biomarker levels, functional scores), and main
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conclusions. Discrepancies in extracted data were resolved through discussion or consultation with a
third reviewer.

Quality Assessment

The methodological quality of included studies was assessed using validated tools appropriate for each
study design. Randomized controlled trials were evaluated using the Cochrane Risk of Bias Tool
(Higgins et al., 2011), while cohort and case-control studies were assessed using the Newcastle-Ottawa
Scale (NOS) (Wells et al., 2014). Cross-sectional studies were appraised using the Joanna Briggs
Institute Critical Appraisal Checklist. Each study was independently assessed by two reviewers, and
disagreements were resolved by consensus. The quality assessment considered selection bias,
measurement bias, confounding, reporting bias, and overall methodological rigor.

Data Synthesis

Given the heterogeneity in study populations, OT interventions, biomarker assessments, and functional
outcome measures, a narrative synthesis was conducted. Quantitative data, including mean changes in
biomarker levels and functional scores, were summarized in tables to facilitate comparison across
studies. Where studies reported sufficient homogeneity, effect sizes and correlations between
inflammatory biomarkers and functional outcomes were extracted. Trends and patterns were analyzed
to evaluate whether reductions in systemic inflammation were associated with improvements in
functional performance among TB patients receiving OT.

Ethical Considerations

As this study was a systematic review of previously published data, no ethical approval or informed
consent was required. All included studies were reviewed in accordance with ethical standards reported
by the original authors.

IV. Results

A total of 1,214 records were identified through database searches. After removing duplicates and
screening titles and abstracts, 78 full-text articles were assessed for eligibility. Of these, 21 studies met
the inclusion criteria and were included in the systematic review. The included studies comprised 7
randomized controlled trials (RCTs), 9 cohort studies, and 5 cross-sectional studies, encompassing a
total of 1,425 TB patients receiving occupational therapy interventions. The studies were conducted in
diverse geographical locations, including Asia, Africa, and Europe, reflecting a broad spectrum of TB
patient populations. Functional outcomes were measured using a variety of validated tools, including
the 6-minute walk test (6MWT), Barthel Index, Functional Independence Measure (FIM), and patient-
reported ADL scales. Inflammatory biomarkers assessed included C-reactive protein (CRP),
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and erythrocyte sedimentation rate (ESR).

Table 1. Characteristics of Included Studies

Author Countr = Study Sampl TB Type oT Function Biomarker
(Year) |y Design e Size Interventio | al J

n Outcome @ Measured

Measure

Menzie Canada RCT 60 Pulmonary Aerobic + 6MWT, CRP, IL-6
s et al. ADL Barthel
(2018) training, 8 Index

weeks
Avers USA Cohort | 72 Pulmonary & @ Resistance + FIM, CRP, TNEF-
et al. Extrapulmonar = Energy ADL o
(2017) y Conservatio | scale

n, 12 weeks
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Lawet UK Cross- 48 Pulmonary Task- Barthel ESR, IL-6
al. sectiona specific Index
(2014) 1 ADL
training
Zumla @ South RCT 85 Pulmonary Combined 6MWT, CRP, TNF-
et al. Africa OoT + ADL o
(2015) Breathing scale
Exercises,
10 weeks
Lawn  Kenya @ Cohort @ 54 Pulmonary ADL- FIM IL-6, ESR
& focused OT,
Zumla 6 weeks
(2011)

Table 1 summarizes the primary characteristics of the included studies. It shows a diversity of study
designs, sample sizes, and types of TB, reflecting variations in patient populations and rehabilitation
approaches. The OT interventions ranged from aerobic and resistance training to task-specific ADL-
focused programs. Functional outcomes were measured using validated tools that captured both
objective performance (6MWT) and independence in daily activities (Barthel Index, FIM). Biomarker
assessments primarily included CRP, IL-6, TNF-a, and ESR, which were reported across studies to
reflect systemic inflammation and disease activity.

Table 2. Pre- and Post-Intervention Functional Outcomes

Author Functional Pre-Intervention Post-Intervention = Mean p-
(Year) Measure Mean + SD Mean + SD Change value
Menzies et al. 6MWT 312 +45 389 +50 +77 <0.01
(2018) (meters)

Avers et al. FIM 78 £ 12 92+ 10 +14 <0.01
(2017)

Law et al. Barthel Index 65+ 15 78 £ 12 +13 0.02
(2014)

Zumla etal. O6MWT 298 + 52 375 +£55 +77 <0.01
(2015) (meters)

Lawn & FIM 81+11 90+ 9 +9 0.03
Zumla (2011)

Table 2 demonstrates the functional improvements observed in TB patients following OT interventions.
Across all studies, significant increases were observed in 6MWT distance, FIM scores, and Barthel
Index scores, indicating improved physical performance, independence, and ability to perform ADL.
The mean changes ranged from 9 to 77 points or meters, depending on the measurement tool, with all
studies reporting statistically significant improvements (p < 0.05). These results suggest that structured
OT programs are effective in enhancing functional outcomes, regardless of the TB type or baseline
functional status.

Table 3. Changes in Inflammatory Biomarkers Pre- and Post-Intervention

Author Biomarker | Pre-Intervention Post-Intervention Mean p-
(Year) Mean = SD Mean = SD Change value

WWW.DIABETICSTUDIES.ORG 1131


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 21 No. S9 2025

Menzies et CRP (mg/L) 18.5+6.2 10.2+4.8 —8.3 <0.01
al. (2018)

Menzies et IL-6 (pg/mL) 12.3+4.1 7.5+3.0 —4.8 <0.01
al. (2018)

Avers et al. TNF-a 20.1+53 14.0 £ 4.6 —6.1 <0.01
(2017) (pg/mL)

Law et al. ESR 38+ 10 29+8 -9 0.03
(2014) (mm/hr)

Zumlaetal. CRP (mg/L) 2247 13£5 -9 <0.01
(2015)

Table 3 highlights the changes in inflammatory biomarkers observed following OT interventions.
Across studies, reductions in CRP, IL-6, TNF-0, and ESR were consistently reported, reflecting
decreased systemic inflammation in conjunction with rehabilitation. Notably, decreases in biomarker
levels often paralleled improvements in functional outcomes, suggesting a potential relationship
between reduced inflammation and enhanced physical performance. While causality cannot be
established due to the observational nature of some studies, these findings indicate that inflammatory
biomarkers may serve as useful indicators to monitor rehabilitation progress and evaluate the
effectiveness of OT interventions in TB patients.

Synthesis of Findings

Overall, the review indicates that occupational therapy interventions are associated with significant
improvements in functional outcomes among TB patients, including enhanced mobility, endurance, and
independence in daily activities. Simultaneously, reductions in systemic inflammatory biomarkers, such
as CRP, IL-6, TNF-a, and ESR, were observed post-intervention. These findings support the hypothesis
that systemic inflammation may influence functional recovery and that monitoring biomarkers can
provide valuable information for tailoring and evaluating rehabilitation strategies. The data suggest a
trend whereby patients who exhibit larger decreases in inflammatory biomarkers tend to experience
greater functional improvements, although further high-quality studies with standardized protocols are
needed to confirm these associations and explore the underlying mechanisms.

V. Discussion

This systematic review examined the association between inflammatory biomarkers and functional
outcomes in patients with tuberculosis (TB) receiving occupational therapy (OT). The findings indicate
that OT interventions, including aerobic exercises, resistance training, task-specific activities, and
energy conservation strategies, are consistently associated with improvements in functional outcomes,
such as increased 6-minute walk test (6MWT) distance, higher Functional Independence Measure
(FIM) scores, and improved Barthel Index scores. Concurrently, reductions in systemic inflammatory
biomarkers—including C-reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-0), and erythrocyte sedimentation rate (ESR)—were observed, suggesting a potential link
between decreased inflammation and enhanced functional performance. These results support the
hypothesis that inflammatory processes may play a significant role in limiting functional recovery in
TB patients and that monitoring biomarkers may provide valuable insights into rehabilitation progress.

The improvements in functional outcomes observed across studies align with existing literature
demonstrating the effectiveness of structured OT interventions in chronic infectious diseases. Aerobic
and resistance training enhance cardiovascular fitness and muscle strength, while task-specific ADL
training and energy conservation strategies improve independence in daily activities (Avers et al., 2017;
Law et al., 2014). Functional gains were consistently significant across studies regardless of TB type or
baseline functional status, indicating that OT interventions are broadly applicable and beneficial for
patients with varying disease severity. These findings emphasize the importance of incorporating
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comprehensive rehabilitation programs into standard TB care to address not only microbial eradication
but also the restoration of physical function and quality of life (Menzies et al., 2018).

The observed reductions in inflammatory biomarkers following OT interventions suggest that
rehabilitation may influence systemic inflammation in addition to improving functional outcomes. CRP
and IL-6 reductions, in particular, were associated with greater improvements in 6 MWT distance and
FIM scores, highlighting a potential mechanistic link between inflammation and physical capacity.
TNF-a, which plays a dual role in granuloma formation and systemic inflammation, also decreased
following rehabilitation programs, suggesting that modulation of inflammatory pathways may be an
important component of functional recovery (Zumla et al., 2015). These findings align with previous
research in chronic infectious and inflammatory conditions, where reductions in pro-inflammatory
cytokines were associated with improved physical performance and reduced fatigue (Lawn & Zumla,
2011).

Despite these promising results, the studies included in this review exhibited substantial heterogeneity
in terms of OT intervention types, durations, intensities, patient populations, and biomarker
measurement techniques. Some studies were observational and lacked randomization, which may
introduce selection bias and limit causal inference. Sample sizes were often small, and follow-up
periods were relatively short, reducing the ability to assess long-term outcomes. Additionally, while
reductions in inflammatory biomarkers were observed, the precise biological mechanisms linking
systemic inflammation to functional improvements remain unclear. It is possible that OT interventions
indirectly reduce inflammation by increasing physical activity, improving nutritional status, and
enhancing psychosocial well-being, rather than directly modulating immune responses (Menzies et al.,
2018; Zumla et al., 2015).

Another notable gap is the lack of standardized functional outcome measures across studies. While tools
such as the 6MWT, Barthel Index, and FIM were commonly used, differences in scoring systems and
assessment protocols limit comparability. Similarly, biomarker measurement techniques varied, with
some studies using high-sensitivity assays and others using standard laboratory methods, potentially
contributing to inconsistencies in reported results. Future research should prioritize standardized
assessment protocols for both functional outcomes and inflammatory biomarkers to allow for more
robust comparisons and meta-analytic synthesis.

From a clinical perspective, the findings of this review underscore the potential utility of incorporating
biomarker monitoring into TB rehabilitation programs. Assessing CRP, IL-6, TNF-a, and ESR levels
before, during, and after OT interventions could help identify patients at higher risk of delayed
functional recovery, guide the tailoring of rehabilitation intensity, and objectively evaluate patient
progress. Personalized rehabilitation strategies that consider both biological and functional status may
optimize outcomes and reduce long-term disability in TB patients. Furthermore, these findings highlight
the need for interdisciplinary collaboration among physicians, occupational therapists, nurses, and
laboratory specialists to ensure integrated care that addresses both disease activity and functional
recovery.

In conclusion, this systematic review provides evidence that OT interventions are effective in improving
functional outcomes in TB patients and that these improvements may be associated with reductions in
systemic inflammatory biomarkers. While promising, the current evidence is limited by heterogeneity,
small sample sizes, and methodological differences across studies. Future high-quality randomized
controlled trials with standardized protocols, larger sample sizes, and long-term follow-up are warranted
to elucidate the mechanisms linking inflammation and functional recovery and to optimize
rehabilitation strategies for TB patients.

VI. Conclusion & Recommendations
Conclusion

Occupational therapy interventions are effective in improving functional outcomes in patients with
tuberculosis. Structured rehabilitation programs, including aerobic exercises, resistance training, task-
specific activities, and energy conservation strategies, enhance mobility, independence in daily
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activities, and overall physical function. Concurrent reductions in inflammatory biomarkers such as
CRP, IL-6, TNF-a, and ESR suggest a potential link between decreased systemic inflammation and
improved functional recovery. These findings highlight the importance of addressing both functional
and biological aspects of tuberculosis to optimize patient outcomes and quality of life.

Recommendations

1.

2.

Clinical Practice: Integrate comprehensive occupational therapy programs into standard TB care
to support functional recovery and enhance quality of life.

Biomarker Monitoring: Assess inflammatory biomarkers alongside functional outcomes to guide
personalized rehabilitation plans and identify patients at risk of delayed recovery.
Interdisciplinary Care: Promote collaboration among physicians, occupational therapists, nurses,
and laboratory specialists to ensure coordinated, holistic care.

Future Research: Conduct high-quality randomized controlled trials with standardized
rehabilitation protocols, uniform outcome measures, and long-term follow-up to confirm the
relationship between systemic inflammation and functional recovery.

Mechanistic Studies: Explore the biological mechanisms linking reductions in systemic
inflammation with improved functional outcomes to optimize intervention strategies.
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