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Abstract

Background. Occupational dust-related lung diseases are associated with reduced
exercise tolerance, dyspnea, limitations in daily activities, and impaired quality of life.
Evidence on the effectiveness of pulmonary and multicomponent rehabilitation in these patients
remains limited and heterogeneous.

Aim. To systematize the evidence on the effectiveness of pulmonary and multicomponent
rehabilitation in adult patients with occupational dust-related lung diseases, with a focus on
exercise tolerance, dyspnea, pulmonary function, quality of life, and occupational outcomes.

Materials and methods. This systematic review was conducted in accordance with
PRISMA 2020. The literature search was performed in PubMed/MEDLINE, Scopus, Web of
Science Core Collection, and the Cochrane Library from inception to November 30, 2025, with
additional manual searching. A total of 348 records were identified; after duplicate removal and
study selection, 12 primary studies were included in the qualitative synthesis. Studies involving
adult patients with pneumoconiosis, silicosis, occupational COPD, and other chronic
occupational dust-related lung diseases were eligible if they evaluated a rehabilitation
intervention and reported at least one relevant outcome.

Results. The included studies generally indicate a beneficial effect of pulmonary and
multicomponent rehabilitation on exercise tolerance and quality of life. Several studies also
reported reductions in dyspnea and improvements in selected pulmonary function parameters,
although these findings were less consistent. The most pronounced effects were observed in
programs that included inspiratory muscle training. Occupational outcomes were rarely
assessed in the available studies.

Conclusions. Pulmonary and multicomponent rehabilitation in patients with occupational
dust-related lung diseases is primarily associated with improved exercise capacity and quality
of life. The main limitations of the current evidence base are clinical and methodological
heterogeneity, the small number of studies, and the lack of data on long-term occupational
prognosis.

Key words: pulmonary rehabilitation, multicomponent rehabilitation, occupational dust-
related lung diseases, occupational COPD, inspiratory muscle training, quality of life.
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Introduction. Occupational dust-related lung diseases continue to impose a substantial
clinical and social burden on workers employed in the mining, cement, textile, and agricultural
industries [1-6]. These conditions are characterized by persistent reductions in exercise
tolerance, dyspnea, limitations in daily activity, and impaired quality of life [5-8]. At the same
time, standard management is more often focused on pharmacological therapy, symptom
control, and reduction of exposure, whereas rehabilitative interventions are described
inconsistently and are rarely considered as an independent subject of evidence synthesis [9-12].

In contrast to the classical model of chronic obstructive pulmonary disease, occupational
dust-related lung disorders often combine restrictive, obstructive, and fibrotic components |2,
3, 13]. This makes the transfer of results from general pulmonary rehabilitation to the
occupational context not entirely straightforward [10, 12, 14]. In some studies, programs of
classical respiratory and physical rehabilitation predominate, whereas in others narrower
interventions are emphasized, such as inspiratory muscle training, behavioral modules aimed at
maintaining physical activity, home-based and outpatient formats of pulmonary rehabilitation,
as well as multicomponent programs for maintaining physical functioning [12, 15].

Available publications suggest probable improvements in exercise capacity and patients’
subjective status; however, the structure of interventions, the composition of populations, and
the set of outcomes vary considerably across studies [16]. In addition, even in studies directly
related to occupational diseases, occupational prognosis is rarely analyzed, although it is
precisely this outcome that is of greatest importance for real clinical and occupational practice
[17].

In this regard, a systematic review was conducted to summarize and critically compare
the available evidence on the effectiveness of pulmonary and multicomponent rehabilitation in
adult patients with occupational dust-related diseases of the bronchopulmonary system, as well
as to determine which effect domains are supported most consistently and which gaps remain
in the current evidence base.

Materials and Methods.

Review design

This systematic review was conducted in accordance with the PRISMA 2020
recommendations [18] and was devoted to evaluating the effectiveness of pulmonary and
multicomponent rehabilitation in adult patients with occupational dust-related diseases of the
bronchopulmonary system. The research question was formulated according to the PICO
framework. The population consisted of adult patients with pneumoconiosis, coal workers’
pneumoconiosis, silicosis, occupational chronic obstructive pulmonary disease, and other
chronic lung diseases associated with occupational dust exposure. The interventions of interest
included pulmonary rehabilitation programs and other multicomponent restorative
interventions, including physical training, breathing exercises, inspiratory muscle training,
educational, and behavioral components. The comparison groups included standard treatment,
usual care, no rehabilitation, or alternative lower-intensity programs. The main outcomes of
interest were exercise tolerance, dyspnea severity, pulmonary function, quality of life, and
occupational outcomes.

Search strategy and information sources

A systematic literature search was conducted in the PubMed/MEDLINE, Scopus, Web of
Science Core Collection, and Cochrane Library databases for the period from inception to
November 30, 2025. Search strategies were adapted for each database according to its search
capabilities. The search was based on two key concepts: occupational dust-related lung diseases
and rehabilitation interventions. To increase search sensitivity, both controlled terms and free-
text words were used, including synonyms for diseases and components of pulmonary
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rehabilitation. Detailed examples of the search queries are presented in Table 1. In addition, a
manual search of the reference lists of included studies and relevant review publications was
carried out, as well as direct citation tracking of key papers. An additional manual search of the
reference lists of included studies and relevant review publications was also performed to
identify potentially missed sources.

Table 1. Examples of database-specific search strategies

Database Search string
PubMed/MEDLINE | (("Pneumoconiosis"[Mesh] OR  pneumoconiosis[tiab] OR
silicosis[tiab] OR "coal workers' pneumoconiosis"[tiab] OR "coal
worker* pneumoconiosis"[tiab] OR "coal mine dust lung
disease"[tiab] OR "dust-related lung disease*"[tiab] OR
"occupational lung disease*"[tiab] OR "occupational interstitial
lung disease*"[tiab]) AND ("Rehabilitation"[Mesh] OR "Exercise
Therapy"[Mesh] OR "Physical Therapy Modalities"[Mesh] OR
"pulmonary rehabilitation"[tiab] OR "pulmonary rehab*"[tiab] OR
"respiratory rehabilitation"[tiab] OR "lung rehabilitation"[tiab] OR
"exercise therap™"[tiab] OR "exercise training"[tiab] OR "physical
training"[tiab] OR "aerobic training"[tiab] OR "resistance
training"[tiab] OR "respiratory muscle training"[tiab] OR
"inspiratory muscle training"[tiab] OR IMT[tiab] OR "breathing
exercise*"[tiab] OR "breathing  retraining"[tiab] OR
"diaphragmatic breathing"[tiab] OR "pursed-lip breathing"[tiab]
OR '"chest physiotherapy"[tiab])) NOT (animals[mh] NOT
humans[mh])
Scopus TITLE-ABS-KEY ((pneumoconiosis OR  silicosis OR  "coal
workers' pneumoconiosis" OR "coal worker* pneumoconiosis" OR
"coal mine dust lung disease" OR "dust-related lung disease*" OR
"occupational lung disease*" OR "occupational interstitial lung
disease*") AND ("pulmonary rehabilitation" OR "pulmonary
rehab*" OR "respiratory rehabilitation" OR "lung rehabilitation"
OR '"exercise therap*" OR '"exercise training" OR "physical
training" OR "aerobic training" OR "resistance training" OR
"respiratory muscle training" OR "inspiratory muscle training" OR
IMT OR "breathing exercise*" OR "breathing retraining" OR
"diaphragmatic breathing" OR "pursed-lip breathing" OR "chest
physiotherapy"))
Web of Science Core | TS=((pneumoconiosis OR silicosis OR "coal workers'
Collection pneumoconiosis" OR "coal worker* pneumoconiosis" OR "coal
mine dust lung disease" OR "dust-related lung disease*" OR
"occupational lung disease*" OR "occupational interstitial lung
disease*") AND ("pulmonary rehabilitation" OR "pulmonary
rehab*" OR "respiratory rehabilitation" OR "lung rehabilitation"
OR "exercise therap*" OR '"exercise training" OR "physical
training" OR "aerobic training" OR "resistance training" OR
"respiratory muscle training" OR "inspiratory muscle training" OR
IMT OR "breathing exercise*" OR "breathing retraining" OR
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"diaphragmatic breathing" OR "pursed-lip breathing" OR "chest
physiotherapy"))

Cochrane Library ((pneumoconiosis  OR  silicosis OR  "coal  workers'
pneumoconiosis" OR "coal mine dust lung disease" OR "dust-
related lung disease*" OR "occupational lung disease*") AND
("pulmonary rehabilitation" OR "exercise therapy" OR "exercise
training" OR '"respiratory rehabilitation" OR "respiratory muscle
training" OR "inspiratory muscle training" OR IMT OR "breathing
exercise*" OR "breathing retraining"))

Manual search Screening of the reference lists of included studies and relevant
review articles, as well as forward citation tracking of key eligible
studies.

Inclusion and exclusion criteria

Primary studies were included in the review if they met the following criteria: adult
patients aged 18 years and older; the presence of an occupational dust-related lung disease;
evaluation of a rehabilitation intervention; the presence of a control or comparison group; and
reporting of data on at least one of the pre-specified outcomes.

Randomized controlled trials, controlled clinical studies, and quasi-experimental studies
were eligible for inclusion. Published systematic reviews and meta-analyses were not included
in the main synthesis of results and were used only to verify the completeness of the search,
compare conclusions, and provide contextual discussion. Publications focused exclusively on
pharmacotherapy, surgical treatment, diagnostics, or emergency care without a rehabilitation
component, as well as studies that did not contain data suitable for meaningful synthesis, were
excluded.

Study selection

Study selection was carried out independently by two reviewers in two stages. At the first
stage, the titles and abstracts of the identified publications were assessed; at the second stage,
the full texts of potentially relevant articles were reviewed. All disagreements were resolved
through discussion; in the absence of consensus, a third reviewer was involved. Duplicates were
removed before the title and abstract screening stage.

The systematic search identified 348 records: 115 in PubMed/MEDLINE, 102 in Scopus,
94 in Web of Science Core Collection, 2 in the Cochrane Library, and 35 through manual
searching. After removal of duplicates (n = 116), 232 publications remained for screening. At
the initial screening stage, 127 records were excluded, after which 105 full-text articles were
assessed for eligibility. All selected full-text publications were available for analysis. After full-
text assessment, 93 studies were excluded, including those due to the absence of a rehabilitation
intervention or an exclusive focus on pharmacotherapy, diagnostics, surgical treatment, or
emergency care (n =49), a population not meeting the review criteria (n = 16), and the absence
of an appropriate comparison group and/or data suitable for synthesis (n = 28). Twelve primary
studies were included in the qualitative synthesis. Published systematic reviews and meta-
analyses were not included in the main synthesis as independent units of analysis and were used
only for contextual discussion.
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Figure 1. PRISMA 2020 flow diagram of study selection

Data extraction

Data extraction was performed using a standardized matrix. For each study, information
was collected on population characteristics, study design, sample size, type and duration of the
intervention, characteristics of the control group, format of rehabilitation delivery, and results
for the predefined outcomes. In addition, specific features of program implementation were
recorded, including the presence of inspiratory muscle training, behavioral components, and
other constituent elements of the intervention. The extracted data were subjected to cross-
checking and subsequent narrative verification.

Variables and outcomes

The key variables included disease category, sample size, type of rehabilitation program,
duration of the intervention, format of implementation, and composition of the control group.
Indicators of exercise tolerance and quality of life were considered primary outcomes.
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Secondary outcomes included dyspnea severity, pulmonary function parameters, and
occupational outcomes. If multiple follow-up time points were reported in a study, both
immediate post-intervention results and delayed follow-up data, when available, were taken
into account in the qualitative synthesis.

Assessment of risk of bias

The risk of bias was assessed separately for each included primary study, taking its design
into account. For randomized studies, an approach based on the RoB 2 domains was used,
including assessment of the randomization process, deviations from the intended intervention,
missing outcome data, outcome measurement, and selective reporting of results. For non-
randomized and quasi-experimental studies, an approach conceptually close to ROBINS-I was
applied, with emphasis on group comparability, risk of confounding, appropriateness of
intervention classification, completeness of follow-up, outcome measurement, and selective
reporting. The assessment was performed in a descriptive format, since some publications were
available only as brief reports or conference abstracts, which limited the possibility of a full
domain-based analysis. In such cases, the risk of bias was assessed conservatively, based on the
availability of information on group formation, randomization, blinding, completeness of
outcome data, and detail of result reporting. Published systematic reviews and meta-analyses
were not included in the main risk-of-bias assessment, as they were not units of the primary
synthesis.

Data synthesis

Given the pronounced clinical and methodological heterogeneity of the included primary
studies, conducting a de novo meta-analysis was not considered justified. Differences between
studies concerned population characteristics, the structure of rehabilitation programs, duration
of interventions, formats of implementation, composition of control groups, and the set of
assessed outcomes. Therefore, narrative analysis was chosen as the main method of synthesis.
The results were grouped into five predefined domains: exercise tolerance; dyspnea severity;
pulmonary function; quality of life; and occupational outcomes. For each study, the direction
of effect, the clinical interpretation of the result, and the key methodological limitations were
assessed. If published systematic reviews or meta-analyses on the topic were available, their
results were used only for comparison with the authors’ own qualitative synthesis and for
discussion of the consistency of the evidence base, but were not included in the synthesis as
independent units of analysis.

Results.

General characteristics of the included studies

Twelve sources with completed results were included in the main qualitative synthesis.
Among them, randomized controlled trials predominated; however, the corpus also included
controlled clinical studies, quasi-experimental studies, and propensity-matched case-control
studies (Table 2).

Table 2. Characteristics of studies included in the main qualitative synthesis

Author, Design Population n Intervention Control Duration
year
Chen et Controlled study | Pneumoconios 76 Respiratory Education + 2 months
al., 2020 is stages I-11I rehabilitation standard
[19] treatment
Kwan et Propensity- Pneumoconios 30 24 outpatient PR Matched group 24 sessions
al., 2019 matched case- is sessions of COPD
[20] control patients
undergoing
similar PR
@)ev 100
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Xiao et RCT Coal workers’ 80 Individualized PR Not specified Not
al., 2019 pneumoconios specified
[21] is
Basha et Quasi- Silicosis in 160 Pranayama + Not specified 24 weeks
al., 2024 experimental cement nutrition education
[22] study workers
Juetal, RCT Occupational 120 Holistic nursing Conventional Not
2019 [23] pneumoconios nursing specified
is+
exacerbation

of COPD
Choi & Quasi- Pneumoconios 40 Laughter + exercise Exercise-only 5 weeks
Park, experimental is program
2019 [24] study
Khant et Single-blinded Pneumoconios 100 IMT + aerobic Aerobic 4 weeks + 1
al., 2023 interventional is in cotton exercise exercise alone year
[25] study industry

workers
Kim, RCT Occupational 28 (25 Workplace/home No 7 weeks
2016 [26] COPD in completed PR rehabilitation

dust-exposed )

workers
Mueller RCT Occupational 121 Behavioral exercise Standard 12-month
etal., lung diseases + inpatient inpatient follow-up
2016 [27] rehabilitation rehabilitation
Eleawa et Single-blinded Occupational 60 Threshold IMT Diaphragmatic 3 months
al., 2023 RCT COPD GOLD + pursed-lip
[28] ITI-11I in breathing

farmers
Wang et RCT Silicosis + 60 Respiratory exercise Standard 2 months
al., 2018 stable COPD nursing treatment
[29]
Zhang et Blinded placebo- Chronic 60 IHHE + standard Placebo + 3 weeks
al., 2025 controlled RCT occupational rehabilitation standard
[30] (pilot) lung diseases rehabilitation

In terms of intervention structure, the body of evidence was markedly heterogeneous,
ranging from classical pulmonary rehabilitation and respiratory rehabilitation to inspiratory
muscle training, behaviorally oriented programs, holistic nursing, as well as intermittent
hypoxic-hyperoxic exposure (Table 3).

Table 3. Structure of rehabilitation interventions in studies with completed results

Author, Program type Key components Format Frequency / Duration
year intensity

Chen et Respiratory Lip contraction, Outpatient’/home- 15-20 min, 3 2 months

al., 2020 rehabilitation diaphragmatic, vertical, based times/day

[19] lunge breathing

Kwan et Outpatient PR Supervised exercise-based Outpatient 24 supervised 24 sessions

al., 2019 PR sessions

[20]

Xiao et Individualized PR Individualized exercise Not specified Not detailed Not

al., 2019 program specified

[21]
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Basha et Pranayama + Pranayama + nutritional Group program Assessments at 24 weeks
al., 2024 education education 12,18, and 24

[22] weeks

Juetal, Holistic nursing Education + self- Not specified Not detailed Not
2019 management + emotion specified
[23] management

Choi & Laughter + Laughter therapy + exercise | Center-/group-based 50 min, 3 5 weeks
Park, exercise times/week

2019

[24]

Khant et IMT + aerobic IMT + aerobic exercise Outpatient 4 times/week 4 weeks +
al., 2023 exercise follow-up
[25]

Kim, Workplace/home Exercise, breathing training, Home/workplace Visits every 2 7 weeks
2016 PR smoking cessation, nutrition, weeks

[26] dust assessment

Mueller Behavioral Behavioral module to Inpatient + follow- Behavioral 12-month
etal., exercise + inpatient maintain activity up module + follow-up
2016 rehabilitation rehabilitation

[27]

Eleawa Threshold IMT Threshold IMT vs DB+PLB Outpatient 2 times/day, 7 3 months
etal., days/week

2023

[28]

Wang et Respiratory Respiratory function Not specified Not detailed 2 months
al., 2018 exercise nursing exercise

[29]

Zhanget | IHHE + standard IHHE as an adjunct to Rehabilitation 12 sessions / 3 3 weeks
al., 2025 rehabilitation standard rehabilitation center weeks

[30]

Exercise tolerance
The most consistent positive signal was observed for exercise tolerance (Table 4). For
example, in the primary studies: an individualized rehabilitation program in patients with coal
workers’ pneumoconiosis improved exercise capacity [21], in patients with silicosis and stable
COPD, respiratory exercise nursing was associated with higher 6MWD values [29], and in
farmers with occupational COPD, the advantage in 6MWT was more pronounced in the

threshold IMT group [11].

In the pilot blinded placebo-controlled trial by Zhang et al. [30]

the addition of IHHE was accompanied by an 11.9% increase in exercise tolerance from
baseline. In addition, a behaviorally oriented intervention after inpatient rehabilitation
contributed to maintaining a higher level of physical activity at 2, 6, and 12 months of follow-

up [27].
Table 4. Main results of studies with completed data
Author, Exercise Pulmona Work-
year capacity / Dyspnea func tiotfy Quality of life related Key conclusion
6MWT outcomes
Chen et FEV1, FVC, Improvement in
al,, and FEVI/FVC |  GQOLI-74: D s
2020 Not reported asa | Not reported were improvement in putmonary
. Lo Not assessed function and
[19] primary outcome separately significantly several several QoL
better after the domains gomains
intervention
Kwan et Significant . .
al., improvement in Not reported Nota primary CRQ improved | Not assessed PR '1mpr0ved
6MWT separately outcome functional status
@)e | 102
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2019
[20]
Xiao et Positive Comprehensive
al., h?hflz\r”t)h::laisn changes in FVC, FEVI, SF-36 1, SGRQ PR improved
2019 t%le control the symptom and MEF l’ Not assessed | 6MWD, QoL, and
[21] ou domain of improved some spirometric
group SGRQ parameters
Basha . . A prolonged
et al 6MWT Spirometric rogram improved
2024’ improved Notreported | parameters and | Described to a Not assessed P ergldurancs and
mp separately lung capacity limited extent
[22] significantly . pulmonary
improved functi
unction
Juetal, FEV1 and Holistic nursing
was associate;
2019 FEV1/FVC iated
[23] Not reported Not reported | were higher in Not reported Not assessed with better
the intervention spirometric
group parameters
g:r(lil & Both groups | No differences Quality of life ];l:)xaﬁrglg;ir
¢ Between-group | improved; no | in FEVI/FVC; | improved more P
2019 e ) . . enhanced QoL, but
[24] superiority was between SpO2 1 in the in the Not assessed ot all
limited group experimental experimental . .
differences group group physiological
effects
Q}znt FVC, FEVI, im rso(\iSdQ after
2023" Not a prima FEVI/FVC, thepcourse' art IMT enhanced the
primary Not reported | and PEFR were b Not assessed effect of aerobic
[25] outcome . of the effect e
better in the rehabilitation
weakened after
IMT group
1 year
Kim, Shuttle walking
2016 test improved, No significant No significant Short workplace-
[26] but without Not reported | improvement in | improvement in | Not assessed based PR had a
significant PFTs SGRQ limited effect
superiority
Mueller | Physical activity The behavioral
etal., was higher at 2, Not a primary Not a primary intervention
2016 6, and 12 Not reported outcome outcome Not assessed helped maintain
[27] months physical activity
Zle:liwa 6MWT: marked Iglzer%V:?: FEVI, FVC, Not a prima IMT produced the
S advantage with g we and FEV1/FVC PIMALY 1 Not assessed | most pronounced
2023 better with . outcome
28] IMT IMT improved effect
Wang et FEV1, FVC,
al., 6MWD was and PaO2 1; Benefit in absolute
2018 higher in the Not reported FEVI/FVC lung volumes and
[29] intervention separately showed no Not reported Not assessed Pa02, but not in
group significant FEV1/FVC
differences
Zhang L IHHE appears
etal., 6MWT +11.9% Reduction mn Positive pilot Not a primary promising, but
; Borg severity Not assessed .
2025 from baseline . changes outcome requires
[30] score confirmation
Dyspnea

Data on dyspnea were less homogeneous; however, overall, they also indicated favorable
dynamics with respiratory and multicomponent rehabilitation programs (Table 4). In the
blinded pilot trial by Zhang et al. [30] a reduction in symptom severity according to the Borg
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scale was observed with IHHE. In the single-blinded RCT by Eleawa et al. [28] the IMT group
showed a more pronounced improvement in dyspnea outcomes compared with diaphragmatic
plus pursed-lip breathing. In the quasi-experimental study by Choi and Park [24], dyspnea
decreased in both groups; however, between-group differences were limited.

Pulmonary function

The results for pulmonary function were positive, but less consistent than those for
exercise capacity (Table 4). In the controlled study by Chen et al. [19], two months of
respiratory rehabilitation improved FEV1, FVC, and FEV1/FVC. In the RCT by Xiao et al.
[21], FVC, FEVI, and MEF were higher after individualized pulmonary rehabilitation. In
patients with silicosis and stable COPD in the study by Wang et al. [29], respiratory exercise
nursing was associated with higher FEV1, FVC, and PaO2, but without significant differences
in FEV1/FVC. In the study by Eleawa et al. [28], the threshold IMT group outperformed the
control group in FEV1, FVC, and FEV1/FVC, and in the study by Khant et al. [25], IMT
combined with aerobic exercise also enhanced the effect of rehabilitation on spirometric
parameters.

Quality of life

Improvement in quality of life is among the most reproducible findings of the included
body of evidence (Table 4). In the study by Chen et al. [19], several GQOLI-74 domains
improved after two months of respiratory rehabilitation. In the study by Xiao et al. [21], positive
changes were recorded in both SF-36 and the symptom domains of the SGRQ. In the quasi-
experimental study by Choi and Park [24], the addition of a laughter component enhanced the
effect on quality of life compared with the exercise-only program. In the single-blinded
interventional study by Khant et al. [25], improvement in SGRQ was also observed after a
course of IMT and aerobic exercise, although part of the effect weakened during longer follow-
up.

Occupational outcomes

Despite the occupationally oriented profile of the included populations, formal work-
related outcomes were scarcely represented in the studies as an independent domain (Table 4).
The main focus of the publications was shifted toward 6MWT/6MWD, dyspnea, spirometry,
blood gases, and quality of life. The outcome closest to occupational activity was the
maintenance of a higher level of physical activity after inpatient rehabilitation in the study by
Mueller et al. [27], however, return-to-work rates, work ability preservation, or absenteeism
were not systematically analyzed.

Methodological profile and risk of bias

According to the risk of bias assessment, the methodologically strongest studies by design
were the single-blinded RCT by Eleawa et al. [28] and the blinded placebo-controlled pilot
RCT by Zhang et al. [30], although even these studies retained limitations related to sample
size and the narrow clinical population (Table 5). A substantial proportion of the RCTs were
characterized by incomplete reporting of randomization and blinding procedures, whereas the
main limitations of quasi-experimental and non-randomized studies were the absence of
randomization, small sample sizes, and limited detail regarding control conditions. Taken
together, this means that the overall direction of effect in favor of pulmonary rehabilitation is
traced quite consistently, but the exact magnitude of effect is only limitedly comparable across
studies.

Overall, the included studies show that pulmonary rehabilitation programs in patients
with pneumoconiosis, silicosis, and occupational COPD are most consistently associated with
improved exercise capacity and quality of life, as well as with a probable reduction in dyspnea
severity and improvement in selected pulmonary function parameters. The strongest overall
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support was obtained for the 6MWD/6MWT and quality of life domains, whereas data on
spirometry and symptom burden appear positive but more variable, and work-related outcomes

remain insufficiently studied.

Table 5. Risk of bias in studies included in the synthesis of results

Author, Design Randomization Blinding Key limitations Overall
year / comparability risk
Chen et al., Controlled study Coin-toss No/unclear Lack of blinding; Moderately
2020 [19] limited high
methodological
detail
Kwan et al., Propensity- No No/unclear Non-randomized Moderately
2019 [20] matched case- randomization design; small high
control study sample size
Xiao et al., RCT Reported, but No/unclear Insufficient data on Moderate
2019 [21] incompletely blinding and
described follow-up duration
Basha et al., Quasi- No No/unclear Non-randomized High
2024 [22] experimental randomization design and
study incomplete
reporting of control
procedures
Juetal, RCT Reported, details No/unclear | Limited reporting of | Moderate
2019 [23] limited outcomes and
follow-up periods
Choi & Quasi- No No/unclear No randomization; High
Park, 2019 experimental randomization small sample size
[24] study
Khant et al., Single-blinded Computer- Partial Men only; ongoing Moderate
2023 [25] interventional generated dust exposure
study randomization
Kim, 2016 RCT Reported, but No/unclear Small sample size; | Moderately
[26] incompletely incomplete high
described reporting
Mueller et RCT Reported, details No/unclear Outcomes were Moderate
al., 2016 limited predominantly
[27] behavioral rather
than clinical-
functional
Eleawa et Single-blinded Reported Partial Small sample size; Low to
al., 2023 RCT single clinical moderate
[28] population
Wang et al., RCT Reported, details No/unclear Blinding not Moderate
2018 [29] limited described; limited
detail on control
procedures
Zhang et al.,, | Blinded placebo- Reported Yes Pilot nature and Moderate
2025 [30] controlled RCT mixed population

Discussion. The obtained results form a sufficiently consistent picture: the most stable
positive effect of rehabilitation programs in patients with occupational dust-related lung
diseases is observed in relation to exercise tolerance and quality of life, whereas the effect on
dyspnea severity and pulmonary function parameters appears less homogeneous. This pattern
of effect seems clinically plausible. Most of the included interventions were aimed primarily at
correcting physical deconditioning, reduced exercise tolerance, disturbed breathing pattern, and
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limitations in daily activity, rather than at reversing irreversible fibrotic or mixed fibrotic-
obstructive changes in the lung tissue. It is for this reason that the most reproducible signals
were obtained for physical performance tests and quality-of-life scales, which is consistent both
with the meta-analytic data [9], and with the results of primary studies [20, 21, 25, 30].

Particular attention should be paid to the fact that the most pronounced effects in a number
of studies were observed in programs that included inspiratory muscle training. It was
specifically in studies using IMT that the most notable improvements were recorded in the
6MWT, dyspnea scales, and a number of spirometric parameters [25, 28]. This probably reflects
an important feature of this population: functional impairment in occupational dust-related lung
diseases is sustained not only by structural damage to the respiratory system, but also by
secondary weakness of the respiratory musculature, reduced ventilatory reserve, and general
deconditioning. From this perspective, IMT may be regarded not simply as an additional
program component, but as a potentially clinically significant rehabilitation module, especially
in patients with marked dyspnea and limited exercise tolerance.

No less indicative is the pattern of effects on pulmonary function. The body of included
data suggests that rehabilitation interventions more often lead to improvement in absolute
volume-based parameters such as FEV1 and FVC than to changes in the FEV1/FVC ratio. A
similar tendency is seen both in the meta-analysis [9], and in a number of primary studies [19,
21, 28, 29]. This indirectly indicates that rehabilitation most likely improves the efficiency of
respiratory mechanics, enhances tidal volume recruitment, and promotes the patient’s
functional adaptation, but does not have a substantial effect on the fixed morphological
substrate of the disease. Therefore, expecting pulmonary rehabilitation to reverse
pneumoconiosis or silicosis would be methodologically incorrect; its clinical value lies
primarily in improving functioning rather than in the regression of structural damage.

An important observation is that, despite the occupationally oriented nature of the
included populations, occupational outcomes were in fact not presented as an independent
assessment domain. None of the included studies systematically analyzed return to work, job
retention, work productivity, temporary disability, changes in working conditions, or the
relationship between rehabilitation and occupational prognosis. Even in those studies in which
physical activity was assessed during longer follow-up, there was no direct consideration of
occupational endpoints [27]. For a review devoted to occupational pathology, this is a major
gap, because without such data it is difficult to answer the main applied question: does
improvement in functional status translate into a more favorable occupational and social
prognosis?

No less important is the question of the durability of the achieved effect. Long-term data
in the available body of evidence remain limited. In some studies, the effect was accompanied
by maintenance of a higher level of activity during subsequent follow-up [27], whereas in others
part of the achieved improvement weakened over time, especially in the presence of continued
exposure to adverse occupational factors or in the absence of a maintenance training regimen
[25]. This has important practical implications. For patients who continue to work under dusty
conditions, rehabilitation apparently should not be regarded as a short isolated course, but rather
as part of a longer-term management strategy combining training programs, exposure control,
and measures aimed at modifying working conditions.

A strength of the present review is that it covers not only classical pulmonary
rehabilitation programs, but also a broader range of multicomponent interventions, including
respiratory rehabilitation, inspiratory muscle training, behavior-oriented approaches,
comprehensive nursing support, and additional respiratory technologies [19, 23, 25, 27, 30].
This made it possible to identify not only an overall positive pattern, but also differences
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between types of programs. At the same time, the limitations of the review are also evident: the
body of studies remains small and clinically heterogeneous; the design of the included studies
ranges from meta-analysis and RCTs to quasi-experimental studies; in a number of
publications, the procedures of randomization, blinding, the composition of the control group,
and details of the intervention are described incompletely; and the set of outcomes differs across
studies, which limits the direct comparability of the results. Therefore, the presented
conclusions should be interpreted as a careful qualitative synthesis rather than as a definitive
quantitative assessment of effectiveness.

From a practical point of view, the obtained data support the feasibility of incorporating
pulmonary and multicomponent rehabilitation into the comprehensive management of patients
with pneumoconiosis, silicosis, and occupational COPD. Most likely, the greatest clinical
benefit is provided by programs combining physical training, breathing techniques, education
and self-management elements, and, in some cases, targeted inspiratory muscle training.
However, the next stage in the development of the evidence base should involve not so much
confirming the general fact of benefit as clarifying the structure of the optimal program. First
and foremost, comparative studies are needed with standardized outcomes, stratification by
disease entity and severity, sufficient follow-up duration, and mandatory inclusion of
occupational endpoints. Without this, the evidence base will remain clinically useful, but
incomplete.

Conclusions. Pulmonary and multicomponent rehabilitation in patients with occupational
dust-related lung diseases is most consistently associated with improvements in exercise
tolerance and quality of life. The effects of rehabilitation programs on dyspnea severity and
pulmonary function parameters are also generally favorable, although they are less
homogeneous overall; the most pronounced results were observed in studies that included
inspiratory muscle training. At the same time, a major limitation of the current evidence base
remains the lack of data on occupational outcomes, as well as the limited number of studies

with long-term follow-up, standardized design, and comparable endpoints.
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Tyiingeme

Kipicne. Oxmnenig kociOu manapl aypyiapbl (U3HKAIBIK JKYKTEMere TO3IMIUTIKTIH
TOMEHCYIMEH, CHTIT'YMEeH, KYHACTIKTI OeJICeHAUTIKTIH MEKTeyiIMEeH jKOHE eMIp CcarachIHbIH
HamapjayblMeH acracaabl. MyHAall TalHMeHTTepAe OKIENiK JKOHE KONMKOMIOHEHTTI
OHAJITYABIH TUIMALUIITT TypaJibl AepeKTep IMEKTEYJIi koHe OipKenKi emec.

MakcaTtbl. OKIIeHIH KociOU MaHIbl aypyJiapbl 0ap epecek MalrueHTTePAe OKIEeTiK KIHe
KOIIKOMITOHEHTTI OHAITYJBbIH THIMIUII Typaibl JAepeKTepAl (U3MKAIBIK IKYKTeMere
TO3IMJIUTIKKE, CHTITYT€, CBIPTKBI THIHBIC alTy (DYHKIMSChIHA, OMIP CaltachlHa )KOHE KOCIOn-eHOCK
HOTIKeNepiHe 6aca Ha3ap ayAapa OTHIPBII KYHeney.

Marepuangap men agicrep. Xyitem mony PRISMA 2020 yceiHBIMAapbiHa COWKEC
opeinganasl. [3ney PubMed/MEDLINE, Scopus, Web of Science Core Collection xone
Cochrane Library nepekkopmapbiHaa ojapablH KypbUIFaH coTiHeH Oactam 2025 xbuirsl 30
Kapaimara JefiiH KOChIMIIa KOJIMEH i37eyMeH Oipre »xypri3iani. bapneirer 348 xa30a
AHBIKTAJIBl, KaWTajdaHATBIH >ka30aiapAbl ajblll TAaCTaFaHHAH KOHE IPIKTEY KpHUTepuidiepi
OOMBIHINIA CYpBITITAYJaH KEWiH camalblK cuHTe3re 12 6acTankel 3epTTey eHrizinmi. Erep epecex
MalUeHTTEepACT] MHEBMOKOHMO3, CHUIMKO3, KocinTik OCOA xoHe okmeHiH Oacka 1a
CO3BUIMAJIBI KOCiOM MIaHbI aypysapsl Oap HayKacTap 3epTTeil, OHAITY apanacybl OaranaHca
JKOHE KeMiHzle Oip peleBaHTThI HOTH)KEe OOMBIHINA EPEKTEp YCHIHBUICA, MYHAl 3epTTEyiep
€HT131I/.

@) 111
© The Author(s), 2026. Licensed under CC BY 4.0


https://orcid.org/0009-0000-0539-5820
https://orcid.org/0009-0000-0539-5820
https://orcid.org/0009-0001-0977-0701
mailto:qwer75tyu@mail.ru%D0%B1
https://orcid.org/0000-0002-6790-726X

BECTHUK KASHMY Ne 1 (76) — 2026

ISSN 2524 - 0684 e-ISSN 2524 - 0692

Hotuaxenep. Exrizinren 3eprreyiep TyTacTaid ajdraH/a OKIENiK )KoHE KOIIKOMIOHEHTTI
OHAITYBIH (PU3UKAJIBIK KYKTEMEre TO3IMILIIK TIEH OMip canachlHa KOJIAMIIBI 9CEPiH KopceTe .
Bipkarap »yMbIcTapa €HTIry 1iH a3ai0bl >KOHE CHIPTKBI THIHBIC ATy ()YHKIMSACHIHBIH JKEKEJIeTeH
KOPCETKIMITEPIHIH JKaKcapybl na Oalkanael, aynaiina Oy HoTHxKenep Oipkenki 6ommanbl. Ex
allkbIH ~ ocepiiep  WHCIOUPATOPIBIK  OYIIIBIKETTEPAl  JKATTHIKTBIPYIbl  KAMTHTHIH
Oarnmapiamaniapaa Oaitkanael. Konma 6ap 3eprreynepie kocion-eH0eK HOTHXKENepl i )Ky31HIe
OarananOaraH.

KopbIThIHABI. OKIIEHIH KociOW MIaHIbI aypysapbl Oap MAIUEHTTEP/E OKICHTIK JKOHE
KOIIKOMITOHEHTTI OHAJITy HeETri3iHeH (U3UKANBIK JKYKTeMere TO3IMIUIKTIH >KoHE eMip
CamachlHBIH JKaKcapybIMEH actacaapl. Jlomenaemenik Oa3aHbIH HETI3rl  MIEKTEyJepi
3epTTeyNIepAiH KIMHUKAJIBIK >KOHE OJiCHAMAJBIK OIPKENKI eMEeCTiri, »KYMbICTap CaHBIHBIH
a3MIBIFBl JKOHE Y3aK Mep3iMIl eHOCK OOKaMbl Typajibl JEPEKTEPAiH KETKUTIKCI3AIrT OOJIbIT
TaObLIAIbI.

Tyitinai ce3aep: oKmelniK OHAITY, KOMKOMIIOHEHTTI OHAITY, OKIICHIH KOCIOM IIaHJ bl
aypynapsl, kocintik OCOA, HHCIUPATOPIBIK OYJIIIBIKETTEPAl KATTHIKTBIPY, OMIp Caracsl.

YOPEKTUBHOCTD JJETOUYHOM U MHOI'OKOMITIOHEHTHOM
PEABMJINTALIMU TPU TIPOPECCUOHAJIBHBIX NIBIJIEBBIX
3ABOJIEBAHUSX BPOHXOJETOYHOM CUCTEMBI

M.B. BAYPXXAH !, A.E. TYJISIEB >3, C.A. KAUPTEJIBJIUHA !, K.C. ABCATTAPOBA ',
K.O. TEKEBAEB !, K.b. AB3AJIUEB 4, B.H. ABCUEBUY °

! Hayuno-uccrenoBaTenbckuif MHCTUTYT KypOPTONOTMH M MEIUIMHCKON peabuIuTaluy,
Acrana, Ka3zaxcran

2 JJaBopaTopHsi OTKPHITHS M pa3pabOTKH JeKapCTBEHHBIX cpejcTs, HazapOaes YHHBEpCHTET,
Acrana, Ka3zaxcran

3HAO «KaparananHckuii MequuuHCKUN yHuBepeuteT», Kaparanasl, Kazaxcran

* Kasaxckuii HalMOHATBHBINA YHUBEPCUTET MMeHH alb-Dapabu, Anmartsl, Kazaxcran

5 Kazaxckas akajieMusi CiopTa U TypusMa, AnMatsl, Kazaxcran

AHHOTaNUA

AkTtyanbHocTh. [Ipodeccronanbhble MbUIeBbIE 3a001€BaHUS JETKUX ACCOLUUPOBAHbI
CO CHMXXCHHEM IEPEHOCHUMOCTH (PU3MUYECKOW HArpy3Kd, OJBIIIKOH, OrpaHHYECHHEM
MOBCE/IHEBHON aKTUBHOCTH M YXYJIIIEHHEM KauecTBa X H3HU. JlaHHble 00 3¢ (eKTUBHOCTH
JAEroyHOH M MHOTOKOMIIOHEHTHOM peaOMiIUTaluu y TaKuX MaIlMEeHTOB OCTAarOTCA
OTpaHUYEHHBIMU U HEOTHOPOIHBIMH.

Heas. CucremaruzupoBaThb  jJaHHble 00  3(p¢GEeKTUBHOCTH  JIETOYHOM |
MHOTOKOMIIOHEHTHOW peaOuuTalud y B3pPOCIBIX MAlUEHTOB C MNPO(ecCHOHATbHBIMU
IBIJIEBBIMHE 3200JI€BAHUSAMH JIETKUX C aKIEHTOM Ha MEePEeHOCUMOCTh (PM3NYECKON HaArpy3KH,
OJIBIIIKY, (DYHKIIMIO BHEIIHErO JIbIXaHUs, KauyeCTBO >KU3HH M NPO(EeCCHOHATbHO-TPYIOBbIE
HCXOBI.

Marepuanbl U MetoAbl. CuUCTEMaTHYECKUA O0030p BBINIOTHEH B COOTBETCTBHH C
PRISMA 2020. Tlouck npoenén B PubMed/MEDLINE, Scopus, Web of Science Core
Collection u Cochrane Library ot inception mo 30 uHosi0ps 2025 roga ¢ JOMOTHUTEIBLHBIM
py4yHBIM TIOMCKOM. BrisiBieno 348 3amuceif; mocne ynaneHus ayOIuMKaToB M 0oTOOpa IO
KPUTEPUSIM BKJIIOYEHUSI B KAYECTBEHHBIM CHUHTE3 BOLLIM 12 MEPBUYHBIX HCCIIECIOBAHUIA.
Bxiroyanuce ucciaenoBaHUS  B3POCHBIX NAIMEHTOB C ITHEBMOKOHHO30M, CHIIMKO30M,
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npodeccuonanbHoi XOBJI 1 ApyrumMu XpOHUYECKUMHU MBUICBBIMU 3200JI€BaHUAMU JIETKUX,
€CJIM OLICHMBAJIOCh PeaOMINTAIMIOHHOE BMEIIATENIbCTBO U MPEACTABISIINCH TAHHBIE XOTs Obl
110 OJTHOMY PEJIEBAHTHOMY MCXOY.

PesyabTaThl. Briatou€HHble HCCleOBaHUS B IIEJIOM YKa3bIBalOT Ha OJarompusTHOE
BIUSHUE JETOYHON U MHOTOKOMIIOHEHTHOW PEeadMIMTAlMK Ha MEPEHOCUMOCTh (DU3MUECKO
Harpy3KkH M KayecTBO KU3HH. B psje paboT oTMedanoch Takke YMEHbUICHHE BbIPaKEHHOCTH
OJIBIIIIKY M YJIyYIIIEHHWE OTICNBHBIX MMOKa3aTeleil (YyHKIMN BHEIIHETO JbIXaHUs, OJHAKO TU
pe3yabTaThl ObUTH MeHee oHOpOoaHbIMU. Hambomnee BbipakeHHbIC A (PEeKTh HAOIIOIATNCh B
nporpaMMax, BKJIIOYABIIMX TPEHUPOBKY HMHCIHUPATOPHBIX MBI, [IpodeccronanbHO-
TPYJOBBIE UCXO/bI B IOCTYIHBIX UCCIETOBAHUIX MTPAKTUYECKH HE OLICHUBAIUCH.

BoiBoabl. JIérouHas W MHOTOKOMIIOHEHTHAasi peaOWiIWTalMs Yy TMAalUeHTOB C
npodeccuoHaNbHBIMU MBLIEBBIMU 3a00JIEBaHUSMU JIETKUX aCCOLIMMPOBAHA MPEUMYIIIECTBEHHO
C yIydIlIeHUEM NEPEHOCHMOCTH (DU3MYECKOW Harpy3ku M KadecTBa >KH3HU. OCHOBHBIMU
OTpaHMYEHUSIMU JIOKa3aTeJIbHOM 0a3bl OCTAIOTCS KIMHUYECKass U METOJoJIornyecKas
HEOJTHOPOJHOCTH MCCIEAOBAHUMN, MAJIOE YUCIIO PabOT M HEIOCTATOK JAHHBIX O JOITOCPOYHOM
TPYJOBOM IIPOTHO3E.

KiroueBble cJjioBa: JierodHas peaOWINTAlMs, MHOTOKOMIIOHEHTHAs peaduInTaIms,
npodeCCHOHANIbHBIC TBIIEBBIE 3a00eBaHusl JerKux, nmpodeccuonanbHas XOBJI, TpeHupoBKa
WHCIUPATOPHBIX MBIIII, KAYECTBO JKU3HHU.
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