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Background: Preserved ratio impaired spirometry (PRISm), which identifies a population at high risk for COPD, has drawn
increasing attention. However, definitions for PRISm vary across studies, and researches comparing these definitions are limited.
Objective: We aim to assess the agreement, the clinical features, and the prevalence of PRISm defined by restrictive spirometric
pattern (RSP) method [that is forced vital capacity (FVC) method] versus forced expiratory volume in the first second (FEV;) method
and by fixed values versus the lower limit of normal (LLN).

Methods: All 1862 participants from the ECOPD study underwent questionnaire investigation, spirometry, biphasic CT, and impulse
oscillometry. Participants were categorized into control and two targeted groups (RSP fixed and PRISm fixed excluding RSP fixed)
based on FVC and FEV, fixed definitions. Similar categorizations were conducted for RSP LLN versus PRISm LLN and PRISm fixed
versus PRISm LLN. We assessed the agreement, the clinical features, and the prevalence of PRISm among these various definitions,
repeating all analyses using Global Lung function Initiative (GLI) equation.

Results: Significant overlap with merely moderate agreement (Kappa coefficient = 0.706, P value <0.001) existed between RSP fixed
and PRISm fixed definitions. Participants identified as PRISm by both definitions exhibited lower lung function, higher airway
reactance, and increased airway resistance compared to the control group. Similar findings were observed in RSP LLN versus PRISm
LLN and PRISm fixed versus PRISm LLN. Our sensitivity analysis verified the consistency of these results. Furthermore, the
prevalence of PRISm varied from 2.0% to 12.5% depending on the definitions and predicted equations, with the Chinese equation,
LLN definition in Chinese equation and fixed definition in GLI equation yielding higher prevalence rates.

Conclusion: Our findings highlight concerns about the comparability of studies and the interchangeability of various definitions and
reference equations for PRISm.
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Background

Preserved ratio impaired spirometry (PRISm), characterized by proportionate impairments in forced vital capacity (FVC)
and forced expiratory volume in the first second (FEV) while maintaining a normal FEV|/FVC ratio, is associated with
higher body mass index (BMI),"* cumulative smoke exposure,'* increased respiratory symptoms,”* decreased exercise

capacity,”® and higher levels of quantitative emphysema,” airway wall thickness,” and systemic inflammation.®

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 171 1-1722 1711
Received: 24 December 2024 © 2025 Dai et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Accepted: 17 May 2025
Published: 26 May 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-2439-3200
http://orcid.org/0000-0003-0720-4674
http://orcid.org/0000-0003-3652-5493
http://orcid.org/0000-0003-0300-9011
http://orcid.org/0000-0003-0920-8329
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Dai et al

Additionally, individuals with PRISm faced increased risks of morbidity,'* progression to COPD,' and all-cause
mortality.' ™ Thus, recognizing PRISm is crucial, as it identifies an at-risk population denoted as pre-COPD, making
its definition a primary concern.

Definitions for PRISm varied greatly across studies. Many define preserved ratio low lung function as the absence of
airflow obstruction with reduced FVC using the restrictive spirometric pattern (RSP) method or FEV, using the PRISm
method. For example, the RSP definition is commonly used in NHANES,>” ARIC,'” and ELSA studies.'' Meanwhile,
the PRISm definition appears in the BOLD,'? COPDgene,>'? Rotterdam,'* and UK biobank studies.! This abnormal
spirometric phenotype is also referred to as preserved ratio impaired spirometry.'> The RSP and PRISm definitions can
be further categorized into fixed methods (FVC or FEV<80% predicted; FEV/FVC ratio >0.7), based on fixed cutoff,
and the lower limit of normal (LLN) methods (FVC or FEV,<LLN; FEV/FVC ratio >LLN).

Since Wan et al proposed the scientific definition of PRISm in 2014, most studies have directly adopted this approach,
characterized by a preserved FEV/FVC ratio and impaired FEV,. However, the interchangeable application of fixed
methods (denoted as PRISm fixed method in this study) and LLN method (denoted as PRISm LLN method in this study)
persists across studies.!''*!%!7 What differences among these various definitions including RSP & PRISm method and
PRISm fixed and PRISm LLN methods for PRISm, and whether these methods can apply interchangeably across
different studies are unclear. And there is a paucity of data on the agreement level among these definitions, as well as
the prevalence and the clinical features of PRISm participants identified by these different definitions. To address this
knowledge gap, we conducted a cross-sectional study aimed 1) to assess the level of agreement, the clinical features and
the prevalence of PRISm defined by RSP and PRISm methods; and 2) to assess these aspects for PRISm defined by
PRISm fixed and PRISm LLN methods.

Materials and Methods
Study Population

This study was a cross-sectional analysis for the baseline of the Early Chronic Obstructive Pulmonary Disease (ECOPD)
study, a prospective observational cohort conducted in Guangzhou, Shaoguan, and Heyuan in Guangdong Province,
China. Baseline enrollment began in July 2019 and ended in August 2021, with detailed study protocol published
previously.'® Briefly, we screened participants through a large COPD community screening programme for individuals
aged 40-80 years (n=5887). We randomly invited a quarter of participants (n=1261/4647) with non-obstructive
spirometry (post-bronchodilator FEV|/FVC > 0.70) and all patients (n=939) with obstructive spirometry (post-
bronchodilator FEV/FVC<0.70) to participate in the ECOPD study and completed computed tomography (CT) and
impulse oscillometry (IOS) tests. Our analysis focused on participants with valid and complete data regarding ques-
tionnaires, spirometry, CT and IO0S. The ECOPD study has been approved by the Ethics Committee of the First Affiliated
Hospital of Guangzhou Medical University (No. 2018-53), and all participants provided written informed consent.

Questionnaire

We utilized a standard respiratory epidemiological questionnaire from our previous studies,'*°

administered by trained
investigators. It collected information on demographics, COPD-related risk factors (including smoking and occupation
exposure), chronic respiratory symptoms, respiratory comorbidities, and acute respiratory events during the
preceding year. Chronic respiratory symptoms such as cough, phlegm, and wheezing were assessed by asking if these
symptoms were present outside of cold episodes. Known annual household income was categorized into three groups
(low: <10,000 RMB; medium: 10,000-100,000 RMB; high: > 100,000 RMB). Other definitions regarding smoking
status, smoking index, occupation exposure, and respiratory comorbidities have been described in detail elsewhere.'®

Spirometry

Spirometry was performed using a portable spirometer (CareFusion, Yorba Linda, CA, USA) in accordance with the
operational methods and quality control standards recommended by the American Thoracic Society and Europe
Respiratory Society.”'* All participants underwent post-bronchodilator spirometry after inhaling 400pg of salbutamol
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for 20 minutes. We recorded pre- and post-bronchodilator FVC and FEV; from at least three acceptable and two
repeatable measurement curves. Pre- and post-bronchodilator maximal mid-expiratory flow (MMEF), forced expiratory
flow at 50% (FEF50), and forced expiratory flow at 75% (FEF75) were recorded from the curve corresponding to the
maximum FEV; + FVC. Given that all the participants are Chinese, the predictive equations used in our main analyses
were based on Chinese reference equations as developed by Jian et al.”®> We also conducted sensitivity analyses using
Global lung function initiative (GLI) reference equations,** specifically the predicted values for South East Asian group,
as all participants were from Guangdong Province.

Impulse Oscillometry

IOS is a non-invasive pulmonary function assessment tool that measures airway resistance and reactance by analyzing
the respiratory system’s response to superimposed sound wave oscillations during tidal breathing. IOS (Masterscreen
I0S, Hochberg, Germany) was performed by well-trained operator in accordance with European Respiratory Society
guidelines.?® TOS is an effort-independent test conducted prior to premedication and spirometry to avoid the influence of
medication and excessive force. We recorded the parameters including resistance at 5 hz (RS), resistance at 20 hz (R20),
the difference between RS and R20 (R5-R20), reactance at 5 hz (X5), reactance area (AX), and resonant frequency (Fres)
to assess the reactance and resistance of PRISm defined by various methods.

Imaging

Biphasic CT was performed on a multidetector-row CT scanner (Siemens Definition AS Plus 128-slicers and United-
imaging uCT 760 128-slicers) at full inspiration and at maximum expiration. Further operational details, CT protocol,
and quality control have been illustrated previously.'® We used Chest Imaging Platform (https://www.chestimagingplat

form.org) on the semi-automated 3D Slicer 4.11 software (https://www.slicer.org) for quantitative image assessment.

Emphysema was quantified by the percentage of low attenuation units below —950 hU at full inspiration (LAA_950), and
gas trapping was measured by the percentage of low-attenuation units below —856 hU at full expiration (LAA gs¢).2° We
also recorded the ratio of residual volume to total lung capacity (RV/TLC) to assess air trapping.

Definition Groups
Lung function parameters used in different definitions for PRISm were derived from post-bronchodilator spirometry. The
RSP and PRISm methods are defined by fixed cutoff measurements (FVC or FEV, < 80% predicted; FEV/FVC > 0.7) or
the LLNs, corresponding to approximately the fifth percentile (Z-score < —1.645). Therefore, the RSP method is
distinguished as RSP fixed (FVC <80% predicted and FEV{/FVC > 0.7) and RSP LLN (FVC & FEV;/FVC > LLN).
Similarly, the PRISm method comprises PRISm fixed (FEV; < 80% predicted and FEV,/FVC > 0.7) and PRISm LLN
(FEV; <LLN & FEV/FVC > LLN). To validate our first study objective, we compared the RSP fixed method with the
PRISm fixed method, followed by a comparison of RSP LLN with PRISm LLN. Additionally, we compared the PRISm
fixed and PRISm LLN methods to assess the second study objective. The study groups in main analyses based on
Chinese predictive equations were defined as follows:
1) a. Control: FEV|/FVC > 0.70 and FVC > 80% predicted and FEV;| > 80% predicted;
b. RSP fixed: FEV{/FVC> 0.70 and FVC < 80% predicted,
c. PRISm fixed excluding RSP fixed: FEV|/FVC > 0.70 and FEV, < 80% predicted and FVC > 80% predicted.

2) a. Control: FEV|/FVC > LLN & FVC > LLN & FEV, > LLN;
b. RSP LLN: FEV,/FVC > LLN & FVC < LLN;
c. PRISm LLN excluding RSP LLN: FEV{/FVC > LLN & FEV; < LLN & FVC > LLN.

3) a. Control: FEV/FVC>0.70 and FEV; > 80% predicted and FEV/FVC > LLN & FEV, > LLN;
b. PRISm fixed: FEV{/FVC > 0.70 and FEV; < 80% predicted;
c. PRISm LLN excluding PRISm fixed: FEV/FVC > LLN & FEV; < LLN excluding FEV,/FVC > 0.70 and FEV,
< 80% predicted.
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We considered all the control groups as reference groups. For the sensitivity analyses, we replaced Chinese predictive
equations with GLI equations while maintaining the same definitions for study groups as in the main analyses.

Statistical Analysis

Continuous variables were presented as meantstandard deviation, and ordinal/categorial variables were expressed as
numbers and percentages. The Kappa coefficient assessed the agreement between the two definitions. Continuous
variables with a normal distribution were compared by one-way ANOVA among three groups, while the Kruskal—-
Wallis test was applied for variables following a skewed distribution. Categorical variables were compared using Chi-
square tests or Fisher’s exact test as appropriate. Multiple comparisons were adjusted by using the Bonferroni method.
We used multivariate regression analysis to compare the imaging features, airway resistance and reactance of PRISm
among three groups, including covariates such as age, sex, BMI, smoking status and smoking index. Sensitivity analyses
employed the same methods as the main analyses. A two-sided P value <0.05 was considered statistically significant.
Statistical analysis was performed using SPSS v25.0.

Results

Of the 2200 participants recruited for the ECOPD study, 76 were excluded due to ineligible CT or lung function data,
69 had comorbidities affecting lung function, and 193 had incomplete 10S tests. Ultimately, 1862 participants were
included in the final analysis (Figure S1). Post-bronchodilator FVC correlated moderately with post-bronchodilator FEV
(R?=0.603, P value <0.001) (Figure 1).

Agreement and Clinical Features for PRISm — RSP Fixed Versus PRISm Fixed
Only 58.0% of PRISm participants were co-identified by RSP and PRISm methods based on fixed cutoffs. Specifically,
56 of 226 (24.8%) were identified by PRISm fixed method, and 39 of 226 (17.2%) by RSP fixed method (Figure 2).
A significant overlap with moderate agreement was noted between RSP and PRISm (Kappa coefficient = 0.706, P value
<0.001), indicating that RSP and PRISm definitions are not completely equivalent.

Among the 1029 participants in the RSP fixed and PRISm fixed methods, 803 were in the control group, 170 in the
RSP fixed group, and 56 in the PRISm fixed excluding RSP fixed group. The mean age was higher in the RSP fixed
group than in the control group (60.0£8.0 years vs 58.0+£7.8 years, P value <0.05), with no difference relative to the

R2 =0.603

5.00

P value <0.001

Post-bronchodilator FEV,, L

0.00

1.00 2.00 3.00 4.00 5.00 6.00

Post-bronchodilator FVC, L

Figure | Scatter correlation plot for post-bronchodilator FVC and FEV,.
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A B C

PRISM fixed Kappa = 0.706 PRISM LLN PRISm LLN - opa = 0.879
RSP LLN Kappa =0.703
P<0.001 P value<0.001

RSP fixed

PRISm fixed
187(80.6%)

56(24.8%)

131(58.0%) 167(58.6%) |65(22.8%

Figure 2 Venn diagram indicating the number and overlap of participants identified with various definitions of Chinese reference equations, including Kappa value and
p value. (A) RSP fixed versus PRISm fixed; (B) RSP LLN versus PRISm LLN; (C) PRISm LLN versus PRISm fixed.

PRISm fixed excluding RSP fixed group. The RSP fixed group had a lower proportion of male compared to the other two
groups (50.0% vs 60.6%, P value <0.05; 50.0% vs 73.2%, P value <0.05). Other demographics and clinical character-
istics were similar among the three groups (Table 1). In spirometric tests, both the RSP fixed and PRISm fixed excluding
RSP fixed groups had lower lung function levels than control group. Regardless of pre- or post-bronchodilator lung
function, FVC %predicted was lower in the RSP fixed group compared to the PRISm fixed excluding RSP fixed group
(75.1£8.0% vs 85.6+6.1%, P value <0.05), while the direction of differences for mid-to-end expiratory flow rates were
opposite between them (Table 2).

Table | Characteristics of PRISm Based on Fixed Definition of Chinese Reference Equations
Grouping by RSP and PRISm Methods

Characteristics Control RSP Fixed | PRISm Fixed Excluding
(n=803) (n=170) RSP Fixed (n=56)

Age, yrs 58.0+7.8 60.0+8.0* 59.5+8.1
Male sex, % 487 (60.6) | 85 (50.0)* 41 (7321
BMI, kg/m? 23.343.1 23.3+£34 23.3+£34
Educational level, %

Primary school or less 381 (47.4) 92 (54.1) 29 (51.8)

Middle or high school 392 (48.8) 72 (42.4) 24 (42.9)

College or higher 30 3.7) 6 (3.5) 30554
Annual household income, %

Low 134 (16.7) 25 (14.7) 14 (25.0)

Medium 587 (73.1) 128 (75.3) 35 (62.5)

High 66 (8.2) 15 (8.8) 6 (10.7)

Unknown 16 (2.0) 2(1.2) I (1.8)
Smoking status, %

Never smoker 416 (51.8) 99 (58.2) 25 (44.6)

Former smoker 102 (12.7) 23 (13.5) 8 (14.3)

Current smoker 285 (35.5) 48 (28.2) 23 (41.1)
Smoking index, pack-years 19.3+£28.6 18.7 £30.6 24.7+30.0
Smokers living at home, % 331 (41.2) 76 (44.7) 25 (44.6)
Parental history of respiratory diseases, % 67 (8.3) 17 (10.0) 7 (12.5)
Occupation exposure>6 months, % 127 (15.8) 28 (16.5) 13 (23.2)
History of respiratory comorbidities, % 419 (52.2) 98 (57.6) 25 (44.6)
History of prior year acute respiratory events, % 43 (5.4) 14 (8.2) 7 (12.5)

(Continued)
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Table | (Continued).

Characteristics Control | RSP Fixed | PRISm Fixed Excluding
(n=803) (n=170) RSP Fixed (n=56)
Respiratory symptoms without colds, %
Cough 130 (16.2) 32 (18.8) 16 (28.6)
Sputum 191 (23.8) 40 (23.5) 17 (30.4)
Wheeze 39 (49) 16 (9.4) 4(7.1)
mMRC dyspnea score 0.23+0.50 0.32+0.58 0.21+0.46
CAT score 3.80+8.46 3.6248.55 3.00+4.42

Notes: Data are expressed as Mean + SD or n (%) as appropriate.*P<0.05 compared with the control group; TP<0.05 compared
with the RSP fixed group. All p values were adjusted for multiple comparisons using Bonferroni correction method.
Abbreviations: RSP, restrictive spirometric pattern; PRISm, preserved ratio impaired spirometry; BMI, body mass index; yrs,
years; mMRC, modified Medical Research Council; CAT, COPD Assessment Test.

Table 2 Lung Function Levels of PRISm Based on Fixed Definition of Chinese
Reference Equations Grouping by RSP and PRISm Methods

Spirometry Parameters | Control | RSP Fixed | PRISm Fixed Excluding
(n=803) (n=170) RSP Fixed (n=56)
Pre-bronchodilator
FVC, %predicted 99.4+11.3 75.1+£8.0% 85.626.1%F
FEV,, %predicted 94.0+10.8 73.3+9.0*% 75.4+5.5%
MMEF, %predicted 79.1£28.5 | 65.9+27.9% 48.2+13.9%1
FEF50, %predicted 82.0£27.3 | 67.9+255* 50.3+13.2%T
FEF75, %predicted 84.4+40.1 | 74.2+42.6* 48.8£16.1%1
Post-bronchodilator
FVC, %predicted 99.3+10.5 74.245.7% 85.5+2.7%F
FEV,, %predicted 97.4+10.0 75.247.7% 78.3£2.1%
MMEF, %predicted 92.1£29.3 | 76.3%31.6* 56.011.3%1
FEF50, %predicted 93.9427.3 | 76.8+27.3* 58.6+10.8% 1
FEF75, %predicted 84.4+40.1 | 74.2+42.6* 48.8+16.1%1

Notes: Reference equation was based on Chinese reference equation from Jian et al. *P<0.05
compared with the control group; TP<0.05 compared with the RSP fixed group. All p values were
adjusted for multiple comparisons using Bonferroni correction method.

Abbreviations: RSP, restrictive spirometric pattern; PRISm, preserved ratio impaired spirometry; %
predicted, percentage of predicted; FVC, forced vital capacity; FEV,, forced expiratory volume in the
first second; MMEF, maximal mid-expiratory flow; FEF50, forced expiratory flow at 50 of forced vital
capacity; FEF75, forced expiratory flow at 75 of forced vital capacity.

In imaging features, after adjusting for age, sex, BMI, smoking status and smoking index, only RV/TLC was higher in
the RSP fixed group compared to the control group; there was no difference when compared to the PRISm fixed
excluding RSP fixed group. Airway reactance and resistance were more pronounced in both two targeted groups
compared to the control group. Besides, R20, R5-R20, and AX were higher in the PRISm fixed excluding RSP fixed
group than in the RSP fixed group, while other parameters were balanced (Figure 3).

Agreement and Clinical Features for PRISm — RSP LLN Versus PRISm LLN

When LLN value replaced fixed cutoff value, the agreement level (Figure 2), demographics, characteristics, lung
function, imaging features, airway reactance, and airway resistance were consistent with findings from RSP fixed and
PRISm fixed groups. Notably, never smokers (57.3% vs 38.5%, P value <0.05) and respiratory comorbidities (57.7% vs
40.0%, P value <0.05) were more common in the RSP LLN group compared to the PRISm LLN excluding RSP LLN
group, but there were no differences relative to the control group (Tables S1, S2 and Figure S2).
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Figure 3 Imaging features and airway resistance and reactance of PRISm based on fixed definition of Chinese reference equations grouping by RSP and PRISm methods.
Note: The dot and the bar indicate mean and 95% confidence interval adjusted for age, sex, BMI, smoke status, and smoking index, respectively. *indicates P value <0.05;
*¥indicates P value <0.01; ***indicates P value <0.001. Bonferroni correction method was used for multiple comparisons. (A—C) correspond to the imaging features
LAA 950, LAA gs6, and RV/TLC, respectively. (D-I) correspond to the airway resistance and reactance features R5, R20, R5-R20, X5, AX, and Fres, respectively.
Abbreviations: RSP, restrictive spirometric pattern; PRISm, preserved ratio impaired spirometry; LAA o5, low-attenuation area of the lung with attenuation values below
—950 hounsfield units on full-inspiration CT; LAA _gse, low-attenuation area of the lung with attenuation values below —856 hounsfield units on full-expiration CT; RV/TLC,
the ratio of residual volume to total lung capacity; R5, resistance at 5 hz; R20, resistance at 20 hz; R5-R20, the difference from resistance at 5 hz to resistance at 20 hz; X5,
reactance at 5 hz; AX, reactance area; Fres, resonant frequency; %, percent.

Agreement and Clinical Features for PRISm — PRISm Fixed Versus PRISm LLN

Among 187 PRISm participants co-identified by fixed or LLN-based cutoff values, 45 of 232 (19.4%) participants were
identified only by the PRISm LLN method, yielding a Kappa coefficient of 0.879 (Figure 2). The average age was
highest in the PRISm LLN excluding PRISm fixed group at 63.2 years old, followed by the PRISm fixed group at 60.0
years old, and lowest in the control group lowest at 58.2 years old (Table S3). The PRISm LLN excluding PRISm fixed
group had more smoke exposure (current smoker: 53.3% vs 32.6%, P value <0.05; smoking index: 34.1+£31.0 vs 20.3
+30.3, P value <0.05) but a lower history of exacerbations in the prior year (4.4% vs 10.2%, p value <0.05) compared to
the PRISm fixed group. Wheezing was more common in the PRISm fixed group than in the control group. Other

characteristics were balanced among the three groups. Lung function levels were lower in both two targeted groups than
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Table 3 The Prevalences for PRISm Identified by Different Definitions Based on Chinese
and GLI Reference Equations

Reference Equations | RSP Fixed PRISm Fixed | RSP LLN PRISm LLN
Chinese 9.1 (170/1862) | 10.0 (187/1862) | 11.8 (220/1862) | 12.5 (232/1862)
GLI 3.7 (72/1862) | 5.0 (94/1862) 2.0 (37/1862) 2.2 (41/1862)

in the control group, with FVC %predicted in the PRISm fixed group lower than in the PRISm LLN excluding PRISm
fixed group, whereas the opposite was true for post-bronchodilator MMEF and FEF50 %predicted (Table S4).

In addition, LAA g5 was higher in the PRISm LLN excluding PRISm fixed group than in the other two groups. RV/
TLC, airway reactance, and resistance were more pronounced in both two targeted groups compared to the control group,
indicating that PRISm subjects with functional airway abnormalities can be identified using both fixed and LLN value

methods (Figure S3).

Results for Sensitivity Analyses

In sensitivity analyses using GLI equations, the levels of agreement were comparable to those in the main analysis
comparing RSP and PRISm (Figure S4). There were no differences in characteristics among the three groups from RSP
fixed versus PRISm fixed (Table S5). However, lung function (Table S6), emphysema index, airway reactance, and
airway resistance (Figure S5) were worse in both targeted groups compared to the control group based on fixed values.
Notably, these features did not differ between the two targeted groups, which contrasts with the main analysis findings.
For RSP LLN versus PRISm LLN, respiratory symptom and higher air trapping were more common in the PRISm LLN
excluding RSP LLN group compared with the other two groups (Table S7 and Figure S6). Results for lung function,

emphysema index, airway reactance, and airway resistance were similar to those based on the fixed method (Table S8 and
Figure S6).

For PRISm fixed versus PRISm LLN, a moderate agreement was observed (Kappa index = 0.503, P value < 0.001)
(Figure S4), significantly lower than the main analysis (Kappa index = 0.879). The characteristics were nearly balanced
among the three groups (Table S9). Lung function was worse in the two targeted two groups compared with the control
group (Table S10). Except for R5-R20, AX, and Fres, other imaging and 10S features did not differ between the targeted
groups after adjusting for confounders. R5-R20, AX, and Fres were higher in the PRISm LLN group than in the PRISm
fixed excluding PRISm LLN group. Air trapping, airway reactance and airway resistance were also more pronounced in
both two targeted groups than in the control group (Figure S7).

Prevalence of PRISm by Different Definitions and Reference Equations

PRISm prevalence varied from 9.1% to 12.5% when defined using Chinese predicted equations, but decreased sig-
nificantly with GLI reference equations, varying from 2.0% to 5.0%. Furthermore, fixed definitions identified more
PRISm subjects (RSP fixed: 72/1862; PRISm fixed: 94/1862) than LLN definitions (RSP LLN: 37/1862; PRISm: 41/
1862), with or without statistically significance. Conversely, under Chinese reference equations, LLN definition identified
more PRISm subjects (RSP LLN: 220/1862; PRISm LLN: 232/1862; RSP fixed: 170/1862; PRISm fixed: 187/1862)
(Table 3).

Discussion

In this cross-sectional analysis of the ECOPD study, we found only moderate agreement between the RSP and PRISm
definitions for identifying PRISm. Participants classified under both methods exhibited abnormal lung function and
airway compliance compared to controls, regardless of whether fixed values or LLN values were used. Similar findings
were observed when comparing PRISm fixed and PRISm LLN definitions. Furthermore, the prevalence and clinical
features of PRISm varied significantly based on the definitions and reference equations employed, raising concerns about
the interchangeability of these definitions. To our knowledge, this is the first study to systemically explore the
agreements, prevalence, and characteristics of PRISm based on different definitions and reference equations.
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Previously, preserved ratio low lung function, a restrictive spirometry pattern, has been labeled variously as “GOLD
unclassified”, “non-specific”, and “preserved ratio impaired spirometry (PRISm)” by researchers.”'>” This pattern is
characterized by reduced FVC or FEV, while maintaining a preserved FEV/FVC ratio. Various researches have adopted
various definitions,?’ yet no data have systematically compared these definitions, despite the formal introduction of the
PRISm concept, which utilizes FEV as a restriction measure. Our results indicate that approximately 60% participants
were co-classified by both definitions, while over 40% were identified independently by either RSP or PRISm methods.
Notably, PRISm subjects classified by both definitions demonstrated poorer lung function, airway reactance, and airway
resistance than controls. In this asymptomatic nonobstructive population, impulse oscillometric measurements revealed
elevated airway resistance and frequency dependence, suggesting that spirometric abnormalities may arise from distal
small airway dysfunction.”® Further comparison revealed that the RSP method identified participants with lower FEV, or
FVC %prediction, whereas the PRISm method associated with higher airway reactance and resistance measurements
(R20, R5-R20, and AX). The observed functional abnormalities varied across definitions, suggesting that it remains
unclear which method is superior. The arbitrary choice of definitions may lead to missed identifications or misclassifica-
tions in prior studies, potentially biasing research findings.

In addition to the previously mentioned definitions, a widely used method for PRISm classification relies on fixed
cutoff or LLN values, particularly following the introduction of the term “PRISm”. Our findings indicate that PRISm
subjects identified by these definitions exhibited poorer spirometry and IOS performance than controls, suggesting that
both definitions effectively identified individuals with functional abnormalities consistent with PRISm. Furthermore,
PRISm subjects identified by the LLN method had greater smoking exposure, while those classified by the fixed
definition reported more acute respiratory events in the previous year and lower FVC %predicted. This discrepancy,
explored for the first time in our study, remains unexplained. Most studies select one of these definitions for primary
analysis and use the other for sensitivity checks, while a few rely solely on one for conclusive analysis. However,
employing non-uniform definitions can hinder comparability across studies. PRISm, as a subtype of pre-COPD indicating
a high-risk population for COPD progression, has garnered increasing attention, necessitating focused research on its
identification for effective screening, management, and intervention. The choice of definition may not alter the validity of
primary results, but it can affect the identified population. Thus, establishing a consensus definition for PRISm would
benefit both researchers and clinicians.

Previous reviews reported PRISm prevalence ranging from 4.7% to 25.2%.>° These variations are likely influenced by
age, sex, race, targeted population, region, pre- and post-bronchodilator measurements, and the definitions and predictive
equations used.'’?%?3! QOur study found PRISm prevalence between 2.0% and 12.5%, partially explaining these
discrepancies. Notably, prevalence decreased significantly when GLI reference equations were applied, aligning with
Backman’s findings.*® The large prevalence differences may stem from GLI predicted values of FVC and FEV, being
lower than the observed values in population samples.** In addition, a letter demonstrated that fixed definition yield
higher PRISm and RSP prevalences than LLN definition when using GLI equations;>® we also observed more subjects
classified as PRISm using fixed definition, regardless of statistically significance. This may result from overdiagnosis
associated with percent predicted methods, especially in older populations.®* In contrast, when using Chinese reference
equations, we observed the opposite trend between fixed and LLN definitions. Jian et al found that the predicted values
for FVC, FEV,, and FEV{/FVC were larger than the LLN values in Chinese equations, providing a reasonable
explanation for our results and enhancing the interpretation of spirometry in this population. Additionally, they note
that the GLI 2012 equations significantly underestimated FEV;, FVC, and FEV/FVC ratio for Chinese subjects,
regardless of the metric used. This highlights the need for caution when applying GLI predicted equations in Chinese
populations during analysis.

Clinical features of PRISm varied significantly across reference equations. For instance, PRISm subjects identified by
RSP definition exhibited lower lung function, while those identified by PRISm definition showed higher airway reactance
and resistance, particularly using Chinese reference equations. This heterogeneity likely stems from the varied choice of
reference equations, which reflect differences in demographic characteristics and health status within populations. These
findings underscore concerns regarding the interchangeability of definitions and reference equations for PRISm in
clinical and scientific research.
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Currently, there is no universally accepted definition for PRISm Although the GOLD 2024 guidelines propose an
FEV,-based definition, derived from Wan et al, without clear rationale or evidence, the choice between FVC or FEV,,
fixed values or LLN, and various reference equations for identifying PRISm remains contentious. Which definition
standard of PRISM is better? Our study cannot resolve this issue, and future recommendations may even advocate for
including symptom recognition alongside spirometric criteria, akin to definitions for asthma or COPD.*' A refined
definition and diagnostic criterion for PRISm is crucial for both research and clinical practice and should be a priority for
professional societies. Larger population studies with longer follow-ups are needed to further address this question.

Several limitations of this study must be acknowledged. Firstly, the sample size for some research groups was small,
raising concerns about false negatives. However, significant positive results were obtained in comparisons between target
and control groups, suggesting the reliability of our findings. Secondly, as a cross-sectional study, it cannot determine if
outcomes (eg, lung function decline or all-cause mortality) differ among PRISm populations identified by various
definitions. Thirdly, the absence of LLN values in the European Coal and Steel Community 1993 reference formula
limits the ability to conduct comprehensive comparisons among multiple predictive equations.

Conclusions

In summary, this cross-sectional study revealed only moderate agreement and significant variation in PRISm prevalence
across different definitions and reference equations. Additionally, all PRISm participants identified by these various
definitions demonstrated potential airway functional abnormalities compared to control subjects. These findings highlight
concerns about the comparability of studies using different definitions and the interchangeable application of diverse
definitions and reference equations for PRISm.
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PRISm, preserved ratio impaired spirometry; LLN, lower limit of normal; RSP, restrictive spirometric pattern; GLI, Global lung
function initiative; BMI, body mass index; mMRC, modified Medical Research Council; CAT, COPD Assessment Test; %
predicted, percentage of predicted value; FVC, forced vital capacity; FEV,, forced expiratory volume in the first second; MMEF,
maximal mid-expiratory flow; FEF50, forced expiratory flow at 50 of forced vital capacity; FEF75, forced expiratory flow at 75
of forced vital capacity; LAA o5, low-attenuation area of the lung with attenuation values below —950 hounsfield units on full-
inspiration CT; LAA g5, low-attenuation area of the lung with attenuation values below —856 hounsfield units on full-expiration
CT; RV/TLC, the ratio of residual volume to total lung capacity; RS, resistance at 5 hz; R20, resistance at 20 hz; R5-R20, the
difference from resistance at 5 hz to resistance at 20 hz; X5, reactance at 5 hz; AX, reactance area; Fres, resonant frequency.
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