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Abstract

Small airway dysfunction (SAD) is a pivotal feature of chronic obstructive pulmonary disease (COPD), yet
spirometry has limited sensitivity for peripheral airway impairment. Oscillometry offers effort-
independent assessment of respiratory mechanics during tidal breathing. We systematically reviewed
longitudinal studies reporting the association between baseline oscillometry and subsequent moderate-
to-severe acute exacerbations (AE) in COPD, and compared its predictive accuracy with spirometric
indices. Effect estimates (OR, HR, IRR) were pooled using a random-effects model (DerSimonian—Laird).
Eight studies (4,175 independent patients; follow-up 1-6 years) met inclusion criteria, five contributing to
the meta-analysis. Patients with oscillometry-defined SAD had a 2.18-fold higher risk of moderate-to-
severe AE (95% Cl 1.49-3.20; I = 49.8%; P < 0.001). In four studies reporting both indices, oscillometry
and FEV, showed comparable discrimination for AE (AUC 0.775 vs 0.777), whereas a combined model
achieved superior discrimination (AUC 0.860). Patients with GOLD stage 1 COPD and abnormal
oscillometry had exacerbation risk comparable to GOLD stage 2, indicating that oscillometry identifies
at-risk patients missed by spirometry alone. Oscillometry-defined SAD independently predicts COPD
exacerbations and provides incremental prognostic value over spirometry, supporting its integration into
a precision-medicine approach. Further studies should validate oscillometric cut-offs for risk
stratification.

Introduction

Chronic obstructive pulmonary disease (COPD) accounts for more than 3 million deaths worldwide each
year [1,2], but its clinical burden extends far beyond mortality. Acute exacerbations accelerate lung
function decline, impair quality of life, increase healthcare utilization, and are associated with a
sustained excess cardiovascular risk beyond the acute event itself [3]. Identifying patients at increased
risk of future exacerbations therefore remains a major challenge in routine clinical practice. For decades,
forced expiratory volume in one second (FEV,) has been central to the diagnosis and physiological
characterization of COPD [4,5]. However, spirometry has important limitations. It requires a maximal
forced expiratory manoeuvre, may remain relatively preserved despite substantial peripheral airway
abnormalities, and can fail to identify patients with clinically relevant small airway dysfunction (SAD)
before more advanced airflow obstruction becomes apparent [6]. Thus, FEV, may provide an incomplete
representation of the early and heterogeneous pathophysiological changes occurring in COPD.

Small airways, conventionally defined as bronchioles with an internal diameter <2 mm, represent a major
site of airflow limitation in COPD [7]. Pathological and imaging studies have shown that terminal
bronchiolar narrowing, obstruction, and loss may precede overt spirometric abnormalities [8]. Computed
tomography studies further demonstrate airway remodelling and gas trapping even in patients with mild
airflow obstruction [9]. These observations underpin the concept of the small airways as the lung's
“silent zone”, in which substantial structural and functional abnormalities may accumulate before they
are adequately captured by conventional spirometry.
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Oscillometry has been introduced as an alternative technique to assess lung function, with particular
application to obstructive airways disease [10]. Encompassing both impulse oscillometry (10S) and the
forced oscillation technique (FOT), the method imposes sound waves at multiple frequencies during tidal
breathing and captures resistance (R) and reactance (X) of the respiratory system. The frequency-
dependent resistance (R5—R20) reflects peripheral airway resistance; reactance at 5 Hz (X5), the area of
reactance (AX), and resonant frequency (Fres) add complementary information on lung elastance and
ventilation heterogeneity [11]. Importantly, these measurements are obtained during quiet tidal breathing,
without requiring a forced expiratory manoeuvre, and may detect abnormalities not captured by
conventional spirometry [12,13]. This potential has gained increasing recognition, including in the GOLD
2026 report, which discusses oscillometry-defined SAD in tobacco-exposed individuals with preserved
spirometry [14].

Emerging longitudinal evidence suggests that oscillometric abnormalities may also have prognostic
relevance in COPD, with associations reported for exacerbations, subsequent lung function decline, and
mortality [15-17]. However, this evidence remains fragmented. To our knowledge, no systematic review
and meta-analysis has quantitatively synthesized the relationship between oscillometry-defined SAD and
future COPD exacerbations or directly examined its prognostic performance relative to conventional
spirometric indices. This distinction is clinically important: if oscillometry identifies exacerbation-prone
patients who are insufficiently characterized by FEV,, it could provide complementary information for risk
stratification and support a more individualized, treatable-traits approach to COPD management [18]. We
therefore conducted a systematic review and meta-analysis with three objectives: (1) to quantify the
association between oscillometry-defined SAD and the risk of moderate-to-severe COPD exacerbations;
(2) to compare the prognostic performance of oscillometric parameters with FEV, for the same
outcome; and (3) to identify and summarize the oscillometric thresholds associated with increased
exacerbation risk across the available literature.

Results

Study selection

The initial literature search generated 57 potentially eligible articles from the aforementioned databases,
plus 4 records identified additionally by manual search. A total of 3 duplicates were identified and
removed. After excluding 50 articles, 8 articles were included in this review according to the prespecified
inclusion and exclusion criteria, and 5 contributed to the quantitative meta-analysis. A flow chart
showing the study selection is presented in Fig. 1.

Characteristics of included studies

The eight included studies [15-17,21-25] comprised 4,175 unique patients with COPD from five
countries (China, Sweden, Japan, South Korea, and Taiwan) and were published between 2022 and 2025
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(Table 1). To avoid double counting, the overlapping ECOPD sub-cohort reported by Lu et al. (2025a; n =
529) was excluded from the cumulative sample size. Five studies had a prospective cohort design and
three were retrospective analyses, with follow-up ranging from 1 to 6 years. The largest study enrolled
2,572 patients [24], while the smallest followed 66 patients [21]. Oscillometry parameters assessed
included R5—-R20 (6 studies), Fres (5 studies), X5 (4 studies), AX (3 studies), and composite I10S severity
indices (1 study). SAD was defined using z-score thresholds in three studies [15,16,25], fixed absolute
cut-offs in three studies [21,22,24], and composite scoring in two studies [22,23].

Study
Lu 2025a
(ECOPD)

Lu 2025b
(ECOPD)

Fardig
2025

Zhang
2024

Zhang
2022

Huang
2025

Park 2024

Tseng
2025

Ref.

25

16

17

23

21

22

Country
China
China
Sweden
Japan
Japan
China

S

Korea

Taiwan

Follow-
up

3yr
2yr
T+3yr
4+6yr
Syr

1yr

~2yr

Table 1
Characteristics of included studies.

Design N
Prospective 529
Prospective 833
Prospective 150
Prospective 114
Prospective 134
Retrospective 66
Retrospective 306
Retrospective 2,572

6 yr

10S
parameters
Fres

X5, AX, Fres
R5, X5, AX
X5

Fres (insp.)
R5-R20,
Fres

|OSsi

AX

SAD
definition

Fres > ULN
z-score >
1.645

z-score >
1.645

Tertile
decline

Continuous +
group

R5-R20 >
0.09

I0Ssi=4

AX>0.44

10S, impulse oscillometry; SAD, small airway dysfunction; ULN, upper limit of normal; AX, change in

reactance; 10Ssi, 10S severity index.

Primary meta-analysis: oscillometry-defined SAD and exacerbation

risk

Five studies provided extractable effect estimates for the association between oscillometry-defined SAD
and moderate-to-severe AE. The pooled effect estimate, calculated using a random-effects model, was
2.18 (95% CI 1.49-3.20; P <0.001), indicating that patients with oscillometry-defined SAD had an
approximately 2.2-fold increased risk of experiencing moderate-to-severe exacerbations compared with
those without SAD (Fig. 2). Heterogeneity was moderate (12 = 49.8%, 12=0.0871,Q=7.97,df =4,P =
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0.093; 95% prediction interval 0.82-5.82). The effect estimates ranged from an IRR of 1.52 (95% Cl
1.24-1.87) in the largest prospective cohort (Lu et al. [15], ECOPD, n = 529) to an HR of 5.23 (95% Cl
1.43-19.1) for the composite 10S severity index in a Korean cohort [22]. All five individual study
estimates were statistically significant and favoured an increased risk of exacerbation in patients with
SAD.

In a sensitivity analysis restricted to the three prospective cohorts (Lu et al. 20253, Fardig et al., and
Zhang 2022), the pooled estimate was 1.77 (95% Cl 1.29-2.44; 12 = 30.9%); excluding the potentially
overlapping ECOPD cohort (Lu et al. 2025a) left four studies and yielded 2.64 (95% CI 1.81-3.86; 1> =
0.0%). Both analyses remained statistically significant and directionally consistent with the primary
estimate. Subgroup analysis by oscillometry parameter type showed consistent associations for both
resistance-based indices (R5-R20, R5) and reactance-based indices (X5, AX, Fres), although the limited
number of studies in each subgroup precluded formal statistical comparison between parameter types.

Head-to-head comparison of oscillometry and FEV,

Four studies evaluated oscillometry and FEV, as predictors of exacerbation within the same cohort,
allowing a direct comparison of their prognostic performance (Fig. 3). In the study by Huang et al. [21],
which provided the most detailed head-to-head analysis, R5—-R20 and FEV, % predicted showed virtually
identical discrimination for future COPD exacerbations when considered individually (AUC 0.775 vs
0.777). Importantly, a combined model incorporating R5—R20, FEV, % predicted, and body mass index
achieved substantially greater discrimination (AUC 0.860, 95% Cl 0.753-0.933), supporting the
incremental value of oscillometry when added to spirometry. In the TIE study [16], an abnormal R5 z-
score (> 1.645) was associated with future exacerbations at 1 year (OR 3.09, 95% Cl 1.26-7.57). Severe
airflow obstruction, defined as FEV, < 50% predicted, was also associated with increased risk, although
FEV, and oscillometry were not directly compared within the same exacerbation-prediction model. Park
et al. [22] provided complementary evidence that oscillometry may refine risk stratification beyond
spirometric staging: patients with GOLD stage 1 COPD and an 10S severity index = 4 had a time to first
moderate-to-severe exacerbation comparable to that of patients with GOLD stage 2 disease. This
suggests that oscillometry can identify a clinically relevant high-risk subgroup that may not be apparent
from FEV,-based staging alone.

Oscillometry cut-offs and SAD definitions

Considerable heterogeneity existed in the definitions and cut-offs used to classify SAD across studies
(Table 2, Fig. 4). Three studies employed z-score-based thresholds aligned with the ERS
recommendation (z-score > 1.645 for resistance parameters or < - 1.645 for reactance), while three used
fixed absolute cut-offs (R5—R20 > 0.09 kPa-L-"'s, AX > 0.44). One study used a composite |0S severity
index, and one assessed longitudinal X5 decline. Despite this heterogeneity, all definitions identified
patient subgroups with significantly increased exacerbation risk, with effect estimates ranging from 1.52
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(Fres > ULN) to 5.23 (the composite 10S severity index). The z-score-based definitions, recommended by
the current ERS technical standards for oscillometry, were associated with effect sizes of 2.77-3.09 for
AE at 1-3 years.

Table 2

Association between oscillometry-defined small airway dysfunction and COPD exacerbations
according to the operational definition used in individual studies.

Cut-off / SAD definition  10S parameter  Study [ref] N Effect (95% Cl) Metric
Fres > ULN (z > 1.645) Fres Lu 2025a [15] 529 1.52(1.24-1.87) IRR
R52z>1.645 R5 Fardig 2025[16] 150 3.09 (1.26-7.57) OR
X52z<-1.645 X5 Fardig 2025[16] 150  2.81 (NR) OR
R5-R20 >0.09 kPa-'L-''s  R5-R20 Huang 2025[21] 66 2.85(1.40-5.80) OR
|I0Ssi = 4 Composite Park 2024 [22] 306 5.23(1.43-19.1) HR

Fres, resonant frequency; R5, resistance at 5 Hz; R5—R20, frequency dependence of resistance between 5
and 20 Hz; X5, reactance at 5 Hz; 10Ssi, 10S severity index; ULN, upper limit of normal; NR, not reported; IRR,
incidence rate ratio; OR, odds ratio; HR, hazard ratio; Cl, confidence interval.

Risk of bias assessment

Risk of bias assessment using the Newcastle—Ottawa Scale is presented in Fig. 5. The five prospective
cohort studies (Lu 2025a, Lu 2025b, Fardig 2025, Zhang 2024, Zhang 2022) were rated as good quality
(7-8 of 9 stars), with low risk of bias across selection and outcome domains. The three retrospective
studies (Huang 2025, Park 2024, Tseng 2025) were rated as fair quality (5—6 stars), with some concerns
regarding representativeness of the exposed cohort and adequacy of follow-up. The Kyoto cohort
studies by Zhang et al. received some concerns for comparability due to the exclusively male enrolment.
Overall, the quality of evidence was considered adequate for the primary analysis.

Discussion

To our knowledge, this is the first systematic review and meta-analysis to quantify the prognostic value
of oscillometry-defined small airway dysfunction (SAD) for exacerbations in COPD. The pooled estimate
was clinically meaningful and statistically robust: patients with oscillometric SAD had a 2.18-fold higher
risk of moderate-to-severe exacerbations (95% Cl 1.49-3.20). Importantly, available comparative data
suggest that oscillometry provides prognostic information comparable to FEV,, while assessing a
distinct component of COPD pathophysiology; when combined, the two measures may offer greater
predictive value than either alone. The magnitude of this association is noteworthy. An approximately
two-fold increase in exacerbation risk is comparable to that associated with established clinical
predictors, including a history of previous exacerbations, and appears greater than the prognostic effect
generally attributed to elevated blood eosinophil counts alone [26]. The consistency of the association
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across cohorts from China, Sweden, Japan, South Korea, and Taiwan, and across different oscillometric
parameters (including R5—R20, X5, Fres, and composite indices) further strengthens the signal. The
moderate between-study heterogeneity (12 = 49.8%) is plausible given differences in SAD definitions,
oscillometry devices, study populations, and follow-up duration, and supports the use of a random-
effects model.

The head-to-head comparison with FEV, is particularly informative. In the study by Huang et al., R5—-R20
and FEV, % predicted showed almost identical discrimination for subsequent exacerbations (AUC 0.775
and 0.777, respectively). However, a combined model incorporating R5—-R20, FEV,, and BMI achieved
substantially greater discrimination (AUC 0.860). This finding supports a complementary rather than
redundant role for oscillometry. Whereas FEV, reflects the integrated mechanical consequences of
airflow limitation during forced expiration, oscillometry characterizes respiratory-system resistance and
reactance during quiet breathing and is particularly sensitive to abnormalities arising in the peripheral
airways. Thus, the two techniques interrogate different physiological dimensions of COPD, providing a
rationale for their combined use in risk stratification.

One finding deserves particular emphasis. Park et al. [22] showed that patients with GOLD grade 1
airflow obstruction (FEV, = 80% predicted) but an |0S severity index = 4 had a time to first exacerbation
comparable to that of patients with GOLD grade 2 disease. In other words, oscillometry identified
increased risk among patients who would otherwise appear relatively preserved on spirometry. A similar
pattern emerged from the ECOPD cohort: among patients with mild-to-moderate COPD without
conventional treatable traits, abnormal Fres remained associated with a higher exacerbation rate (IRR
1.52), whereas this excess risk was not observed in those without oscillometric abnormalities.
Collectively, these findings suggest that oscillometry may identify a clinically relevant, otherwise occult
high-risk phenotype within the mild, spirometrically reassuring GOLD 1-2 population (Fig. 6).

These findings emerge at a time when the treatable-traits paradigm is increasingly shaping COPD
management. Toumpanakis et al. [12] recently proposed oscillometry-defined SAD as a potentially
treatable trait, while the ATLANTIS study established the prognostic relevance of 10S-defined SAD for
exacerbations in asthma [27,28]. Peng et al. [29] subsequently pooled evidence on the diagnostic
performance of oscillometry in COPD but did not address longitudinal outcomes; the ATLANTIS toolbox
study [30] validated a multidimensional strategy for SAD detection combining oscillometry and
spirometry; and Jang et al. [31] reviewed the broader clinical applicability of 10S. Our study extends this
literature into the prognostic domain, providing the first quantitative synthesis of the association
between oscillometry-defined SAD and future COPD exacerbations. Further support for this concept
comes from the study by Abdo et al. [14], which showed that approximately 26% of tobacco-exposed
individuals with preserved spirometry have oscillometry-defined SAD and that this phenotype is
associated with structural abnormalities, impaired respiratory physiology, and cardiovascular
consequences. Collectively, these observations support the view that oscillometry may identify clinically
meaningful disease not captured by conventional spirometry alone.
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An important unresolved issue is the definition of the optimal oscillometric threshold for SAD.
Considerable heterogeneity was evident across the included studies. Z-score-based thresholds (> 1.645
or < - 1.645, depending on the parameter), as recommended by the ERS Delphi consensus, were adopted
in three of the strongest prospective cohorts and offer the advantage of accounting for age, sex, and
height. In contrast, fixed thresholds—such as R5—-R20 > 0.07-0.09 kPa-L-"-s and AX > 0.44 kPa/L—are
easier to implement clinically but may be less generalisable across populations and devices. Notably, the
composite |0S severity index yielded the largest observed effect estimate (HR 5.23), although this
finding requires independent external validation. At present, no single oscillometric threshold has been
prospectively validated against clinically meaningful outcomes in a large, multicentre cohort.
Establishing reproducible, outcome-anchored cut-offs therefore represents one of the most important
priorities for the field and a necessary step before oscillometry can be incorporated more systematically
into COPD risk stratification.

This study has several limitations. First, the evidence base remains relatively small, with eight studies
included in the qualitative synthesis and five contributing to the meta-analysis, reflecting the still-
emerging literature on oscillometry-defined SAD in COPD. The limited number of studies also precluded
a meaningful assessment of publication bias using funnel plots or Egger's test. Second, ORs, HRs, and
IRRs were pooled under the assumption that they provide approximately comparable estimates for
relatively uncommon outcomes, an accepted approach that nevertheless introduces some
methodological imprecision [20]. Third, heterogeneity in SAD definitions, oscillometric parameters, and
measurement techniques (I0S vs FOT) limits direct comparability across studies and precludes
identification of a single clinically applicable threshold. Two analyses derived from the ECOPD cohort
may have included partially overlapping participants despite differences in eligibility criteria and follow-
up duration; however, sensitivity analysis excluding one of these studies yielded a similar pooled
estimate, supporting the robustness of the main findings. In addition, the Kyoto cohorts included only
men, potentially limiting their generalizability. Finally, most available cohorts were conducted in Asian
populations, and the extent to which these findings apply to more ethnically and geographically diverse
COPD populations, particularly European and African cohorts, remains uncertain.

In conclusion, oscillometry-defined small airway dysfunction independently predicts moderate-to-severe
COPD exacerbations, with a pooled approximately 2.2-fold increase in risk. As a standalone predictor,
oscillometry performs similarly to FEV,, but the two measures appear to capture complementary
aspects of airway dysfunction, and their combination improves discriminatory performance.
Oscillometry may be particularly informative in patients with preserved FEV,, identifying individuals at
increased exacerbation risk who might otherwise be considered low risk on the basis of spirometric
staging alone. These findings support the incorporation of oscillometry into a precision-medicine
approach to COPD and reinforce the concept of SAD as a potentially treatable trait. Prospective
multicentre studies are now needed to establish clinically actionable oscillometric thresholds, determine
whether oscillometry-guided treatment improves outcomes, and confirm generalizability across
ethnically and geographically diverse populations.
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Methods
Study design and registration

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement [19]. The protocol was developed a priori and
registered in the International Prospective Register of Systematic Reviews (PROSPERO; registration
number CRD420261479304).

Search strategy

We searched PubMed/MEDLINE, Embase, Web of Science Core Collection, Cochrane CENTRAL, and
Scopus from inception to March 2026 using a combination of MeSH terms and free-text keywords
related to oscillometry, COPD, and exacerbation outcomes. The full PubMed search was:
(“oscillometry”[MeSH] OR “forced oscillation technique” OR “impulse oscillometry”) AND (“pulmonary
disease, chronic obstructive”[MeSH] OR “COPD") AND (“exacerbation” OR “prognosis” OR “mortality” OR
“lung function decline” OR “hazard ratio” OR “odds ratio” OR “predict*”). No language restrictions were
applied. Reference lists of included studies and relevant reviews were hand-searched.

Study selection

Studies were included if they met the following criteria: (1) longitudinal cohort design (prospective or
retrospective) with a minimum follow-up of 6 months; (2) individuals 18 years or older with COPD
confirmed on post-bronchodilator spirometry (post-bronchodilator FEV,/FVC < 0.70 or below the lower
limit of normal); (3) baseline assessment of oscillometry parameters (R5, R20, R5—-R20, X5, AX, Fres, or
composite oscillometry scores); (4) reporting of moderate-to-severe acute exacerbations as an outcome,
defined as events requiring systemic corticosteroids, antibiotics, emergency department visits, or
hospitalisation; and (5) reporting of effect estimates (hazard ratio, odds ratio, incidence rate ratio, or
relative risk) with 95% confidence intervals, or sufficient data to calculate these. Cross-sectional studies
reporting associations with previous-year exacerbations were included in the qualitative synthesis but
excluded from the primary meta-analysis. Case reports, editorials, conference abstracts, and studies in
exclusively asthmatic populations without a COPD subgroup were excluded.

Data extraction

Data were extracted using a standardised form and included study characteristics, population
demographics, oscillometry parameters assessed, SAD definitions and cut-offs, exacerbation definitions,
effect estimates with 95% Cl, and FEV, effect estimates from the same multivariable model where
available.

Risk of bias assessment

Risk of bias was assessed using the Newcastle—Ottawa Scale (NOS) for cohort studies, evaluating
selection, comparability, and outcome domains. Studies were rated as good (7-9 stars), fair (4-6 stars),
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or poor (0-3 stars) quality.
Statistical analysis

Effect estimates (OR, HR, IRR) with 95% Cl were pooled using a random-effects model (DerSimonian—
Laird method) on the natural-logarithm scale. Given the low event rates in most studies and follow-up
durations exceeding one year, we treated OR, HR, and IRR as approximately equivalent effect measures
in the primary analysis, consistent with accepted practice for rare outcomes in meta-analyses of
observational studies [20]. Heterogeneity was quantified using the |2 statistic and Cochran's Q test, with
12 values of 25%, 50%, and 75% considered low, moderate, and high, respectively; a 95% prediction
interval was also computed. All tests were two-sided with an alpha level of 0.05, and exact P values are
reported. Pre-specified sensitivity analyses included (a) restriction to prospective cohort studies, (b)
exclusion of potentially overlapping cohorts, and (c) analysis by oscillometry parameter subgroup
(resistance-based vs reactance-based). For the head-to-head comparison with FEV,, we extracted paired
effect estimates from studies reporting both oscillometry and spirometric predictors in the same
multivariable model and compared their discriminative accuracy using the area under the receiver
operating characteristic curve (AUC) where available. All analyses were performed in R (metafor
package, version 4.4).
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Figure 1

PRISMA 2020 flow diagram of study selection.
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Hazard Ratio Hazard Ratio

Study logHR SE Weight IV, Random, 95% CI IV, Random, 95% CI
Lu etal 2025 0.4205 0.1048 38.8% 1.52[1.24; 1.87] .
Fardig etal 2025 1.0195 0.3982 15.5% 277 [1.27; 6.05] —-——
Zhang etal 2022 0.7426 0.3076 21.0% 2.10[1.15; 3.84] ——
Huang et al 2025 1.0472 0.3626 174% 2.85[1.40; 5.80] —H—
Park et al 2024 1.6538 0.6614 T.3% 5.23 [143;19.11]
Total (95% CI) 100.0% 2.18 [1.49; 3.20] -
Prediction interval [0.82; 5.82] =

| — e —
Heterogeneity: Tau® = 0.0871; Chi® = 7.97, df = 4 (P = 0.0926); I* = 49.8% 0.1 051 2 10
Test for overall effect: Z = 4.00 (P ¢ 0.0001) Favours no SAD Favours SAD

Figure 2

Risk of moderate-to-severe exacerbation according to oscillometry-defined small airway dysfunction.
Forest plot of five independent COPD cohorts. Effect estimates are presented with 95% confidence
intervals; the pooled estimate was calculated using a DerSimonian—Laird random-effects model. SAD,
small airway dysfunction; OR, odds ratio; HR, hazard ratio; IRR, incidence rate ratio; Cl, confidence
interval.
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Figure 3

Head-to-head comparison of oscillometry vs spirometric indices. (a) AUC comparison from Huang et al.
(COPD, n = 66). (b) Paired effect sizes from studies reporting both 10S and FEV, predictors in the same
cohort. Effect-size metrics differ across studies (AUC, OR, HR) and are not directly comparable in
absolute magnitude.
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Figure 4

Oscillometry thresholds and associated risk of COPD exacerbations across included studies. Bubble size
is proportional to the study sample size; the dashed horizontal line denotes the null effect (effect
estimate = 1.0). Effect measures are reported as odds ratios, hazard ratios, or incidence rate ratios
according to the original study and should be interpreted as complementary rather than directly
interchangeable estimates.
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Figure 5

Risk of bias assessment using the Newcastle—Ottawa Scale for the included cohort studies.
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Oscillometry-Defined Small Airway Dysfunction
Predicts COPD Exacerbations
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Figure 6

Schematic illustration of oscillometry-defined small airway dysfunction in COPD. Oscillometry probes

peripheral airways during tidal breathing; abnormal oscillometry with preserved FEV, marks a higher-risk
phenotype (pooled = 2.2-fold exacerbation risk). Conceptual illustration; not derived from study data.
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