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Abstract

Introduction: Systemic diseases that are not primarily pulmonary may affect respiratory mechanics through
inflammatory, metabolic, vascular, and mechanical mechanisms, producing functional abnormalities that
are not always identified by conventional methods. Objective: To analyze the evidence on the impact of
non-respiratory systemic diseases on respiratory mechanics in adults assessed by impulse oscillometry.
Methods: This was an integrative literature review, conducted based on a guiding question developed
according to population, interest, and context. The search was performed in PubMed, Scientific Electronic
Library Online (SciELO), and Latin American and Caribbean Health Sciences Literature (LILACS),
considering original studies published in the last fifteen years, in Portuguese, English, or Spanish, with
full text available. Studies involving adults with systemic diseases that are not primarily pulmonary, in
which respiratory mechanics were assessed by impulse oscillometry, were included. Study selection was
performed by title and abstract screening, followed by full-text assessment. Data were extracted and
synthesized descriptively. Results: A total of 117 records were identified, of which ten studies composed
the final sample. Observational studies predominated, with a greater concentration on obesity and
excess weight, in addition to metabolic syndrome, systemic arterial hypertension, pulmonary arterial
hypertension, systemic sclerosis, and hepatic steatosis. The findings showed a predominance of resistive
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abnormalities, accompanied by signs of ventilatory heterogeneity and possible distal involvement,
including individuals with preserved spirometry. Conclusion: Non-pulmonary systemic diseases may
affect respiratory mechanics in adults, and impulse oscillometry constitutes a sensitive complementary
tool for detecting subclinical functional alterations in respiratory mechanics.

Keywords: Oscillometry; Respiratory Mechanics; Obesity; Metabolic Syndrome; Hypertension.

Resumo

Introdugdo: Doencas sistémicas ndo primariamente pulmonares podem repercutir sobre a mecanica
respiratoria por mecanismos inflamatorios, metabdlicos, vasculares e mecanicos, produzindo alteracdes
funcionais nem sempre identificadas por métodos convencionais. Objetivo: Analisou-se as evidéncias
sobre o impacto de doencgas sistémicas n&o respiratdrias na mecanica respiratéria de adultos avaliada
pela oscilometria de impulso. Métfodos: Revisao integrativa da literatura, conduzida a partir de pergunta
norteadora elaborada segundo populacao, interesse e contexto. A busca foi realizada nas bases PubMed,
Scientific Electronic Library Online (SciELO) e Literatura Latino-Americana e do Caribe em Ciéncias da
Saude (LILACS), considerando estudos originais publicados nos ultimos quinze anos, em portugués,
inglés ou espanhol, com texto completo disponivel. Foram incluidos estudos com adultos com doengas
sistémicas ndo primariamente pulmonares, nos quais a mecanica respiratoria foi avaliada por oscilometria
de impulso. A selegao ocorreu por leitura de titulos e resumos, seguida da avaliagéo dos textos completos.
Os dados foram extraidos e sintetizados de forma descritiva. Resultados: Foram identificados 117 registros,
dos quais dez estudos compuseram a amostra final. Predominaram estudos observacionais, com maior
concentracao em obesidade e excesso de peso, além de sindrome metabdlica, hipertensao arterial
sistémica, hipertensao arterial pulmonar, esclerose sistémica e esteatose hepatica. Os achados evidenciaram
predominio de alteragdes resistivas, acompanhadas por sinais de heterogeneidade ventilatéria e possivel
acometimento distal, inclusive em individuos com espirometria preservada. Conclusao: Doencgas sistémicas
nao pulmonares podem repercutir na mecanica respiratoria de adultos, e a oscilometria de impulso constitui
ferramenta complementar sensivel para a deteccéo de alteragbes funcionais respiratorias subclinicas.
Palavras-chave: Oscilometria; Mecanica Respiratéria; Obesidade; Sindrome Metabdlica; Hipertensao
Arterial Sistémica.

Introduction

Chronic systemic diseases represent one of
the main challenges for public health, both due to
the magnitude of their occurrence and the impact
they exert on healthcare systems. According to
the World Health Organization, noncommunicable
diseases were responsible for at least 43 million
deaths in 2021, corresponding to approximately
75% of global deaths not related to the pandemic.
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This group includes cardiovascular diseases, can-
cer, diabetes, and other highly prevalent chronic
conditions with important functional repercussions,
in which metabolic factors widely disseminated in
the population, such as overweight, obesity, and
diabetes, contribute to increased morbidity, heal-
thcare demand, and clinical complexity in these
individuals, reinforcing the need for approaches



that consider their systemic repercussions in an
integrated manner [1].

Although traditionally analyzed based on their
cardiovascular, metabolic, rheumatologic, or mul-
tiorgan outcomes, these diseases may also affect
the respiratory system. This relationship is biologi-
cally plausible, since systemic alterations may in-
terfere with respiratory mechanics through different
mechanisms, such as low-grade chronic inflamma-
tion, microvascular changes, tissue remodeling,
changes in respiratory system compliance, reduced
lung volumes, and small airway heterogeneity. In
some conditions, such as obesity, increased load
on the chest wall, reduced lung volumes, and in-
creased respiratory resistance have already been
described. This set of alterations suggests that
systemic diseases, even when not primarily pul-
monary, may produce clinically relevant functional
respiratory changes [2].

In this context, Impulse Oscillometry System
(I0S) stands out as a promising tool for investi-
gating these alterations. The method allows the
assessment of the mechanical properties of the
respiratory system during tidal breathing, throu-
gh the application of pressure oscillations to the
airway and the analysis of respiratory system im-
pedance. Because it does not require forced ma-
neuvers and demands less cooperation from the
individual being evaluated, 10S has operational
and clinical advantages over traditional pulmonary
function tests, in addition to enabling the identifi-
cation of subtle changes in respiratory mechani-
cs. Its conceptual basis includes the analysis of

Methods

This is an integrative literature review, con-
ducted based on previously defined stages: de-
velopment of the guiding question, establishment

respiratory impedance, composed of resistance
and reactance, which allows an integrated cha-
racterization of the mechanical behavior of the
respiratory system [3,4].

Among the parameters used, resistance at 5 Hz
(R5) is usually interpreted as an estimate of total ai-
rway resistance, whereas resistance at 20 Hz (R20)
predominantly reflects more central components.
The difference between R5 and R20 (R5-R20), in
turn, has been used as an indicator of the frequency
dependence of resistance and, indirectly, of peri-
pheral involvement or ventilatory heterogeneity.
Reactance at 5 Hz (X5) provides information related
to the elastic properties of the respiratory system,
while resonant frequency (Fres) corresponds to the
point at which capacitive reactance is canceled out
by inertive reactance, and the reactance area (AX)
expresses the overall magnitude of reactive chan-
ges at low frequencies. Together, these markers
expand the ability to detect and characterize func-
tional alterations that may remain less evident on
spirometry, especially in early stages or in contexts
of distal airway involvement [3,4].

Given the high global burden of systemic disea-
ses, the biological plausibility of their repercussions
on respiratory mechanics, and the potential of IOS
to detect functional alterations during quiet brea-
thing, it becomes relevant to critically synthesize the
available knowledge on this interface. Therefore,
this integrative review aimed to analyze the eviden-
ce regarding the impact of systemic diseases on
respiratory mechanics in adults assessed by |0S.

of eligibility criteria, bibliographic search, stu-
dy selection, data extraction, and synthesis of
findings.
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The guiding question of the review was for-
mulated based on the PICo model (Population,
Interest, Context), considering adults aged 18 years
or older as the population, changes in respiratory
mechanics assessed by |I0S as the phenomenon
of interest, and non-respiratory systemic disea-
ses as the context. Thus, the following question
was defined: what is the evidence on the impact
of non-respiratory systemic diseases on respiratory
mechanics in adults assessed by I0S?

The search was conducted in the PubMed,
SciELO, and LILACS databases, including studies
published in the last 15 years. Terms related to
I0S, the adult population, respiratory mechanics/
pulmonary function, and systemic diseases were
used, with linguistic adaptation according to the
database searched.

In PubMed, the search descriptors used were:
(Impulse Oscillometry OR 10S) AND (adult OR
adults) AND (respiratory mechanics OR lung func-
tion OR pulmonary function tests) AND (systemic
disease OR systemic diseases OR hypertension
OR diabetes OR obesity OR metabolic syndrome
OR cardiovascular disease OR chronic kidney di-
sease OR autoimmune OR systemic inflammation).

In the SciELO and LILACS databases, the
following strategy in Portuguese was used: (oscilo-
metria de impulso OR IOS) AND (adulto OR adultos)
AND (mecanica respiratéria OR fungéo pulmonar
OR testes de fungéo pulmonar) AND (doencga sis-
témica OR doengas sistémicas OR hipertensdo OR
diabetes OR obesidade OR sindrome metabdlica
OR doenga cardiovascular OR doenca renal crénica

Results

The bibliographic search resulted in the iden-
tification of 117 records. After the removal of 19
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OR autoimune OR inflamacgéo sistémica).

Original studies in Portuguese, English, or
Spanish, with full text available, were included if
they used IOS to assess respiratory mechanics or
pulmonary function in adult individuals with syste-
mic diseases that were not primarily pulmonary,
including metabolic, cardiovascular, inflammatory,
or immune-mediated conditions with potential re-
percussions on the respiratory system.

Studies involving pediatric populations, studies
that did not use 10S, studies focused exclusively
on primary pulmonary diseases or on conditions
not compatible with the conceptual scope of the
review, defined as non-respiratory systemic dise-
ases in adults, as well as reviews, editorials, let-
ters, conference abstracts, theses, dissertations,
duplicates, and articles without access to the full
text were excluded.

Study selection occurred in two stages: reading
of titles and abstracts, followed by full-text assess-
ment of potentially eligible articles. Data extraction
was performed using a standardized form contai-
ning authors, year and country of publication, me-
thodological design, population characteristics, sys-
temic disease investigated, I0S parameters used,
and main results related to respiratory mechanics.

Data were extracted and synthesized descrip-
tively. The included studies were organized accor-
ding to the type of systemic disease investigated
and the patterns of respiratory mechanics altera-
tions identified by 10S, seeking to identify conver-
gences, divergences, and knowledge gaps.

duplicates, 98 records were screened by title and
abstract, during which 81 were excluded for not



meeting the eligibility criteria. From this process, and two investigated congenital heart diseases or
17 articles proceeded to full-text reading, with no  specific structural cardiac abnormalities, conditions
exclusions due to full-text unavailability. At this sta-  that did not correspond to the framework defined
ge, 7 studies were excluded because they were for this review, which focused on non-respiratory
outside the scope of the review: five addressed systemic diseases in adults. In the end, 10 studies
obstructive sleep apnea as the primary condition, composed the sample of this review (Figure 1).

Figure 1 — Flow diagram of the study identification, screening, eligibility, and inclusion process.

Source: Prepared by the authors according to PRISMA 2020 [5].
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The included studies were published between
2012 and 2024, with a predominance of obser-
vational designs. There was a concentration of
investigations on obesity/overweight [6—10], whe-
reas metabolic syndrome [11], systemic arterial
hypertension [12], pulmonary arterial hypertension
[13], systemic sclerosis [14], and hepatic steatosis
[15] were addressed more specifically.

Regarding the parameters analyzed, the in-
cluded studies reported resistive and reactive 10S
measures, including R5, R20, R5-R20, X5, Fres,
and AX. The reported findings indicated a predo-
minance of resistive alterations, with increased

KY (1] Fisioterapia Brasil 2026;27(4):3703-3721

RS, R20, and R5-R20, in addition to changes in
reactive parameters, such as X5, AX, and Fres,
across different systemic conditions [6—15]. In
some studies, these alterations were observed
even in samples with preserved spirometry, indi-
cating that 10S identified functional changes not
evidenced by conventional pulmonary function
tests [6-10,15].

Table 1 summarizes the systemic conditions,
methodological characteristics, populations stu-
died, IOS parameters reported, and main results
related to respiratory mechanics in the included
studies.
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Discussion

Obesity and overweight corresponded to the
condition most consistently associated with alte-
rations in respiratory mechanics assessed by |I0S
in this review. In the five studies included on this
topic, there was convergence in showing increa-
sed resistive parameters and changes in markers
of ventilatory heterogeneity, including in samples
with preserved spirometry, which reinforces the
complementary usefulness of 10S in relation to
conventional pulmonary function tests [6—10].

Overall, the findings indicated an increase in
the resistive component, evidenced by increased
R5 and R20, compatible with greater global and
proximal airway resistance [8—10]. This pattern has
been related to reduced operational lung volumes,
especially functional residual capacity (FRC) and
expiratory reserve volume (ERV), due to the me-
chanical overload imposed by the chest wall and
abdomen on the respiratory system [7,10].

In the studies that stratified obesity by severity,
more evident mechanical worsening was observed
in advanced grades. Individuals with a body mass
index (BMI) = 40 kg/m? showed increased total
and peripheral resistance, reduced reactance, and
increased Fres [8]. This pattern suggests greater
ventilatory heterogeneity, as it indicates that dif-
ferent regions of the respiratory system begin to
present less uniform mechanical behaviors during
breathing. Increased peripheral resistance, espe-
cially when associated with worsening reactance
and increased Fres, also points to possible involve-
ment of the distal airways, since these alterations
reflect greater difficulty in transmitting oscillations
at low frequencies and greater impairment of the
elastic properties of the respiratory system [8].
Convergently, patients with morbid obesity also
showed alterations in AX and X5, reinforcing a
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functional profile involving both the resistive and
reactive components [10].

Among the parameters evaluated, the frequen-
cy dependence of resistance, expressed by R5-
R20, stood out as one of the most consistent findin-
gs. In adults with overweight or obesity, increases in
R5, R20, and R5-R20 were described, in addition to
increased Fres and AX and a correlation between
greater adiposity and worse oscillometric parame-
ters. The association between greater adiposity
and more negative X5 reinforces the interpretation
that, in addition to increased resistance, there is
alteration of the reactive component compatible with
greater ventilatory heterogeneity [9]. This pattern,
identified even in the presence of preserved spiro-
metry, suggests that distal alterations may be de-
tected by IOS at an early or subclinical stage [8,9].

Within-breath analysis added nuance to this
interpretation, and although inspiratory and expira-
tory R5 were higher in individuals with overweight/
obesity, markers of expiratory flow limitation did not
differ between groups. This finding suggests that
the predominant functional signal was increased
resistance, with peripheral involvement, and not
necessarily expiratory limitation detectable by the
parameters analyzed [9].

Two studies contributed to clarifying the role
of volumetric determinants and the reversibility of
these alterations. In the assessment with voluntary
restoration of lung volume at end-expiration (EELV),
a reduction in R20 toward normality was observed,
reinforcing the direct contribution of reduced lung
volumes to part of the increased resistance ob-
served in obesity [7]. Even so, although R5-R20
improved, it remained elevated in a substantial
proportion of participants, including among those
who reached higher EELV, suggesting that, in some



individuals, additional mechanisms may coexist with
the mechanical-volumetric component [7].

Similar results were observed in the longitu-
dinal study before and after bariatric surgery, in
which weight loss was accompanied by significant
improvement in |OS parameters, with reduced R20
and R5-R20 and less negative X5, in parallel with
increased FRC and ERV. These findings indicate
that recovery of lung volumes explains an important
part of the reversibility of mechanical alterations
in obesity [6]. However, the persistence of distal
alterations in some individuals, even after acute
volumetric correction [7] or after significant wei-
ght loss [6], suggests that functional impairment is
not explained exclusively by the effect of low lung
volumes.

In addition to the increase in the resistive com-
ponent, the included studies also showed altera-
tions in the reactive component, with more negative
X9, increased AX, and increased Fres. Together,
these findings are compatible with increased dy-
namic elastance and greater ventilatory heteroge-
neity, supporting the hypothesis of distal functional
involvement [9,10].

From a pathophysiological point of view, the
results in obesity and overweight may be inter-
preted as the combined expression of mechanical
and functional determinants. Overload of the chest
wall and abdomen favors reductions in FRC and
ERYV, with breathing at low lung volumes and gre-
ater propensity for narrowing or closure of small
airways. This context tends to increase global and
proximal resistance and, more markedly, the fre-
quency dependence of resistance. In parallel, the
displacement of the reactive component, with more
negative X5 and higher AX/Fres, is compatible with
greater dynamic elastance and non-uniformity of
regional mechanical behavior. The partial impro-
vement observed with acute increase in EELV or

after weight loss reinforces the role of volumetric
determinants [6—-10,16].

However, the persistence of distal signs in sub-
groups indicates that peripheral dysfunction may
not be fully explained by this mechanism alone. In
this context, systemic mechanisms related to adipo-
sity may also contribute, since obesity is associated
with low-grade chronic inflammation, mediated by
adipokines and pro-inflammatory cytokines, with
potential functional repercussions on the distal com-
partment. Thus, the pattern observed by I0S seems
to reflect not only the effects of reduced operational
lung volumes, but also the multifactorial nature of
respiratory alterations related to the condition [2,16].

In obesity and overweight, the studies indicate
that |OS identifies a functional pattern characterized
by increased resistance and alterations compatible
with ventilatory heterogeneity, with emphasis on
R5-R20 and changes in X5, AX, and Fres. Although
part of this profile is related to reduced operational
lung volumes, the persistence of distal alterations
in some subgroups indicates that functional impair-
ment is not restricted to the mechanical component.
Thus, 10S appears particularly useful for detecting
subtle respiratory alterations in a context in which
spirometry may remain normal [2,6—10,16].

Metabolic syndrome, in turn, represents a mo-
del of systemic dysfunction characterized by the
coexistence of metabolic and cardiovascular alte-
rations, often accompanied by low-grade chronic
inflammation, insulin resistance, abdominal obesity,
and endothelial dysfunction. This set of alterations
has been associated with worse respiratory outco-
mes and reduced pulmonary function, suggesting
that metabolic syndrome may affect the respira-
tory system through mechanical, inflammatory,
and vascular mechanisms [17,18]. In the study
included in this review, conducted with older adults
with and without metabolic syndrome, 10S showed
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alterations in both the resistive and reactive com- Systemic arterial hypertension (SAH) is a re-
ponents of respiratory mechanics in the group with  levant cardiometabolic condition, evaluated in this
the condition [11]. review in an older adult population. In the compa-

Increased global and airway resistance was rison between hypertensive and non-hypertensive

observed, with higher R5 and R20, in addition older adults, I0S showed differences in respiratory

to greater frequency dependence of resistance mechanics associated with SAH, with an increase

suggesting greater ventilatory heterogeneity and in the resistive component, indicated by higher RS

possible impairment of the distal compartment. @nd R20, and greater involvement of peripheral

In addition, reactance alterations were identified, and heterogeneity indicators, especially R5-R20.

expressed as more negative X5 values, compatible 1 hese findings suggest that SAH may be associa-

with changes in the elastic properties of the respi- ted with alterations detectable by I0S even outsi-
ratory system [11]. de a primarily pulmonary context, reinforcing the
possibility of subclinical respiratory repercussions

These findings indicate that, even in the absen- in this condition [12].

ce of a primary pulmonary disease as the focus of

investigation, metabolic syndrome was associated In addition to the comparison between hyper-
with respiratory functional alterations that were sen- ~ ténsive and non-hypertensive individuals, the study
sitively detectable by 10S, simultaneously involving ~ Stratified hypertensive participants according to

airway resistance and the reactive behavior of the ~ Physical activity level and observed a more favo-
respiratory system [11]. rable mechanical profile among physically active

] ] individuals compared with inactive individuals, with
Although metabolic syndrome includes abdo-

_ _ _ lower values of airway resistance/heterogeneity
minal obesity among its components, the pattern

, [12]. This finding suggests that behavioral factors
observed in older adults suggests a more complex ] ) ]
_ _ _ _ _ may modulate changes in respiratory mechanics
interaction between aging and chronic systemic al-

_ _ . , , _ associated with SAH in older adults, supporting
terations. In this context, insulin resistance, visceral

adiposity, persistent inflammation, endothelial dys- non-pharmacological interventions aimed at func-
function, and a possible imbalance of inflammatory
and pro-fibrotic mediators may contribute to struc- The alterations observed, characterized by
tural and functional alterations in the respiratory  higher R5, R20, and R5-R20 values, are compa-
system, favoring tissue remodeling, changes in tible with increased global respiratory resistance,
compliance, and greater ventilatory heterogeneity ~ with participation of central and peripheral airway
[17-19]. This pathophysiological profile is compa- components, as well as greater ventilatory hetero-
tible with the increased resistance and worsening  geneity. In older adults, this pattern may reflect the

of X5 observed in the included study [11]. interaction between aging and systemic alterations

tional preservation [20,21].

Thus, although the available evidence for this associated with SAH, such as arterial stiffness and

condition is limited, the findings point to the potential vascular dysfunction, with a possible indirect im-

of 10S to identify early signs of ventilatory hetero- pact on the lung through changes in pulmonary

geneity and reactive alterations possibly related to microcirculation and coupling between vascular

systemic repercussions on the lung parenchyma and parenchymal components [22-25].

and peripheral airways [11,17]. In this context, IOS may be useful because it
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captures subtle mechanical signs, including peri-
pheral involvement, which may coexist with preser-
ved spirometry and absence of marked respiratory
symptoms, reinforcing the idea of the lung as a
possible secondary target organ in hypertensive
individuals [12].

In the context of pulmonary arterial hyperten-
sion, |OS was used to explore differences in respi-
ratory mechanics between etiological phenotypes,
specifically between idiopathic pulmonary arterial
hypertension (IPAH) and pulmonary hypertension
associated with mixed connective tissue disease
(MCTD-PH). Resistance measures were found to
be higher in the MCTD-PH subgroup, with higher
values of R5, R20, and R20%, when compared
with the IPAH group. This pattern suggests greater
resistive airway impairment in the context associa-
ted with connective tissue disease, with possible
participation of central resistance components, con-
sidering the increase in the parameter assessed at
20 Hz [13].

Regarding fractional exhaled nitric oxide
(FeNO), the study described distinct patterns be-
tween etiologies. In the IPAH group, FeNO showed
no relevant correlation with |OS parameters. In the
MCTD-PH group, however, a negative correlation
was observed between FeNO and R20%, more
evident in the subgroup classified as severe, indi-
cating that higher resistance values in larger-caliber
airways tended to be associated with lower FeNO
levels [13].

These findings suggest that I0S may captu-
re differences in resistance between etiologies of
pulmonary hypertension and that, when pulmonary
hypertension occurs in the context of systemic au-
toimmune disease, associations may emerge be-
tween airway resistance and a noninvasive marker
related to the nitric oxide pathway. Even so, these
relationships should be interpreted with caution,

considering the specific nature of the study design
and the limited scope of the available evidence [13].

The distinction between IPAH and MCTD-PH
suggests that, in addition to the vascular component
that characterizes pulmonary arterial hypertension,
the presence of a connective tissue disease may
add mechanisms capable of influencing the me-
chanical behavior of the airways. This additional
component may reflect an interaction between sys-
temic inflammation and autoimmunity, alterations
in small and large airways, and possible subclinical
parenchymal involvement, contributing to higher
resistance values in the MCTD-PH group [26]. The
association between FeNO and R20% in severe ca-
ses, in turn, points to a possible interface between
the airways and nitric oxide biochemical pathways
in this subgroup, although the direction and clinical
significance of this finding depend on confirmation
in studies specifically designed for this purpose
[13,26,27].

Systemic sclerosis (SSc) constitutes a model
of systemic autoimmune disease with potential
multicompartimental pulmonary involvement. In
the case-control study included in this review, 10S
showed greater involvement of the small airways
in patients with SSc, mainly characterized by incre-
ased R5-R20 and AX, whereas R5, R20, X5, and
Fres did not differ significantly between patients
and controls [14].

The distal dysfunction identified by IOS was
more frequent in the SSc group and showed cli-
nical relevance, since both R5-R20 and AX were
associated with worse quality of life according to
the St George’s Respiratory Questionnaire (SGRQ)
and were inversely correlated with spirometric
markers, specifically forced expiratory volume in
the first second (FEV1%) and forced vital capacity
(FVC%), with no relevant association with diffusing
capacity for carbon monoxide [14]. These findings
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suggest that small airway impairment detected by
I0S in SSc may reflect a clinically relevant functio-
nal component, associated with patient-perceived
worsening, even when other markers do not show
concordant alterations [14].

In the subgroup with available high-resolution
computed tomography (HRCT), radiological signs
compatible with small airway involvement were
identified in approximately one quarter of the pa-
tients and occurred, in most cases, in the absen-
ce of interstitial alterations. When integrating 10S
and HRCT, approximately one third of the cohort
presented at least one finding suggestive of small
airway involvement, reinforcing the usefulness of
IOS for detecting clinically relevant distal alterations
in SSc [14].

The predominance of elevated R5-R20 and AX,
with no difference in R5 and R20, suggests that
the most consistent functional signal in SSc falls
on the peripheral compartment, with greater venti-
latory heterogeneity and altered reactive behavior
at low frequencies. This pattern is plausible in a
condition marked by microangiopathy, chronic in-
flammation, and tissue remodeling processes, whi-
ch may compromise the bronchiolar-parenchymal
unit relatively independently of extensive interstitial
disease [28,29].

The presence of small airway signs on HRCT,
often without concomitant interstitial fibrosis, rein-
forces the hypothesis that distal involvement may
constitute an additional pathogenic pathway within
the spectrum of SSc-related lung disease, contri-
buting to symptoms and worse quality of life even
when conventional tests do not specifically capture
this functional dimension [14,29].

Hepatic steatosis is a systemic metabolic con-
dition often accompanied by metabolic dysfunction
and low-grade chronic inflammation, with potential
extrapulmonary repercussions. In this context, I0S

3716 Fisioterapia Brasil 2026;27(4):3703-3721

was used to investigate whether hepatic steatosis
is associated with alterations in respiratory mecha-
nics, with a focus on the peripheral compartment.
After matching for age and altered liver function,
a significantly higher proportion of individuals with
steatosis showed increased peripheral resistance,
operationalized as “high R5-R20”, compared with
matched controls [15].

A relevant methodological aspect is that the
classification “high R5-R20” was defined by an in-
ternal cutoff point, above the median of the data-
set itself, and not by a standard clinical threshold.
Even so, the finding suggests greater frequency
dependence of resistance in the steatosis group,
compatible with greater ventilatory heterogeneity
and possible small airway involvement. In the same
context, spirometry remained within normal limits
and did not differentiate the groups after matching,
supporting the usefulness of 10S for capturing dis-
tal alterations in a context in which conventional
assessment may remain preserved [15].

In the intragroup analysis, age and markers
related to an inflammatory/immunological profile,
particularly the combination of an elevated neu-
trophil-to-lymphocyte ratio (NLR) with a reduced
lymphocyte-to-monocyte ratio (LMR), were inde-
pendently associated with elevated R5-R20 in
multivariate analysis. This result suggests that, in
hepatic steatosis, the distal component of respira-
tory mechanics may be related not only to mecha-
nical factors, but also to systemic characteristics,
including aging and inflammatory-immunological
imbalance [15].

This pattern is consistent with the hypothesis
of a metabolic-pulmonary axis, in which systemic
inflammatory alterations associated with metabo-
lic liver disease may selectively affect the small
airways, favoring greater ventilatory heterogeneity
and increased peripheral resistance [15,30-32].



In this regard, the predominance of alterations in
R5-R20, rather than consistent differences in iso-
lated measures of central resistance, reinforces
the interpretation that the main functional signal
observed was distal/peripheral [15].

Across the included studies, IOS proved capab-
le of detecting alterations in respiratory mechanics
in adults with non-respiratory systemic diseases,
including in the presence of preserved spirometry.
In terms of outcomes, there was a predominance
of alterations in the resistive component, with R5
and R20 used to characterize global and proximal/
central resistance, whereas R5-R20 was widely
used as an indicator of ventilatory heterogeneity
and possible peripheral impairment. Parameters
of the reactive component, such as X5, AX, and
Fres, were also frequently incorporated, allowing
a more comprehensive interpretation of alterations
involving the small airways and changes in the
dynamic behavior of the respiratory system.

The studies showed a recurrence of signs com-
patible with greater ventilatory heterogeneity and
involvement of the distal compartment, especially
through R5-R20, frequently accompanied by alte-
rations in the reactive component, suggesting that
small airway impairment may represent a common
functional denominator, although with distinct pa-
thophysiological mechanisms.

The comparison between studies indicates that
a similar phenotype of IOS parameter alterations
may emerge through different pathways. In obesity/
overweight, evidence from end-expiratory lung vo-
lume manipulation and post-bariatric surgery weight
loss supported the role of volumetric determinants,
especially reductions in FRC and ERV, with partial
reversibility of alterations after increased EELV and
after weight loss, although distal alterations persis-
ted in subgroups [6,7]. In hepatic steatosis, the pre-
dominance of distal alteration was associated with

systemic inflammatory and immunological markers,
suggesting a greater contribution of mechanisms
that are not purely mechanical to ventilatory hete-
rogeneity [15].

In systemic sclerosis, the association of R5-R20
and AX with worse quality of life and HRCT findings
compatible with small airway involvement, often
without extensive interstitial disease, reinforces the
clinical relevance of distal involvement [14]. In sys-
temic arterial hypertension and metabolic syndro-
me in older adults, the findings suggest that aging
and chronic systemic alterations may be reflected
in mechanical changes detectable by 10S, with
modulation by behavioral factors such as physical
activity level in the context of SAH [11,12]. Finally,
in pulmonary hypertension, resistance differences
between IPAH and MCTD-PH and specific associa-
tions between resistance and FeNO in subgroups
indicate that the presence of systemic autoimmu-
ne disease may add an airway component to the
functional phenotype [13].

The findings of this review reinforce the poten-
tial of I0S as a complementary tool for detecting
and characterizing respiratory functional alterations
in populations with systemic diseases, including at
subclinical stages. In addition to broadening the
assessment of the lung as a possible secondary tar-
get organ in these conditions, the technique seems
particularly useful for capturing signs related to the
distal compartment and ventilatory heterogeneity,
which may favor a more sensitive characterization
of respiratory involvement. Because it requires mi-
nimal effort and has good reproducibility, IOS may
also be useful for longitudinal follow-up and in po-
pulations with greater difficulty performing forced
expiratory maneuvers, such as older adults and
individuals with functional limitations.

Despite this, the results should be interpreted
in light of some limitations. The available evidence
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is composed mostly of observational studies, es-
pecially cross-sectional studies, which restricts
causal inferences and makes it difficult to unders-
tand the temporal evolution of the alterations iden-
tified. There was also an unequal distribution of
the conditions investigated, with a concentration
of studies on obesity/overweight and a reduced
number of investigations on the other systemic
diseases, which limits the generalization of the
observed patterns. In addition, methodological
heterogeneity between studies, with differences
in protocols, reported parameters, quality criteria,
and cutoff points for abnormalities, reduces direct
comparability between findings. Finally, the ab-
sence of a formal risk-of-bias assessment using a
standardized instrument constitutes an additional

Conclusion

The evidence analyzed indicates that non-pul-
monary systemic diseases may affect respiratory
mechanics in adults assessed by impulse oscillo-
metry. In the included studies, these repercussions
were mainly characterized by alterations in resistive
parameters, accompanied by signs of ventilatory
heterogeneity and possible distal involvement.
These findings suggest the potential of impulse
oscillometry as a complementary tool in the func-
tional assessment of adults with systemic diseases,
especially due to its ability to identify alterations
suggestive of small airway involvement.
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