SCientiﬁc Reports https://doi.org/10.1038/s41598-026-42778-4
Article in Press

Impact of preserved ratio impaired spirometry
on postoperative outcomes of non-small cell lung
cancer surgery

Received: 28 March 2025 Daegeun Lee, Genehee Lee, Sunga Kong, Boksoon Chang, Yunjoo Im, Danbee Kang &
Accepted: 27 February 2026 Hye Yun Park

Published online: 11 March 2026

We are providing an unedited version of this manuscript to give early access to its
findings. Before final publication, the manuscript will undergo further editing. Please
note there may be errors present which affect the content, and all legal disclaimers

Cite this article as: Lee D., Lee G.,

Kong S. et al. Impact of preserved ratio
impaired spirometry on postoperative
outcomes of non-small cell lung cancer apply.
surgery. Sci Rep (2026). https://doi.

If this paper is publishing under a Transparent Peer Review model then Peer
org/10.1038/s41598-026-42778-4

Review reports will publish with the final article.

©The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do

not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


https://doi.org/10.1038/s41598-026-42778-4
https://doi.org/10.1038/s41598-026-42778-4
https://doi.org/10.1038/s41598-026-42778-4
http://creativecommons.org/licenses/by-nc-nd/4.0

Impact of Preserved Ratio Impaired Spirometry on Postoperative Outcomes of Non-
Small Cell Lung Cancer Surgery

Daegeun Lee!”, Genehee Lee>**, Sunga Kong??, Boksoon Chang?*, Yunjoo Im>, Danbee
Kang?3-%", Hye Yun Park’f

Division of Pulmonary, Allergy and Critical Care Medicine, Chung-Ang University
Gwangmyeong Hospital, Gwangmyeong, Republic of Korea.

?Department of Clinical Research Design and Evaluation, SATHST, Sungkyunkwan
University, Seoul, South Korea.

3Patient-Centered Outcomes Research Institute, Samsung Medical Center, Seoul, Republic of
Korea.

4Department of Thoracic and Cardiovascular Surgery, Samsung Medical Center, Seoul,
Republic of Korea

SDivision of Pulmonology and Allergy, Departmeit of Internal Medicine, Kyung Hee
University Medical Center, Seoul, South Korea

¢Center for Clinical Epidemiology, Samsung Medical Center, Seoul, Republic of Korea.
"Division of Pulmonary and Critical Care Medicine, Department of Medicine, Samsung

Medical Center, Sungkyunkwan University School of Medicine, Seoul, South Korea

*These authors contributed equally to this work as the first authors.

"These authors contributed equally to this work as the corresponding authors.

Correspondence to
Hye Yun Park, MD, PhD, Division of Pulmonary and Critical Care Medicine, Department of
Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, 81 Irwon-

ro, Gangnam-gu, Seoul, 06351, Republic of Korea



E-mail: hyeyunpark@skku.edu

or

Danbee Kang, PhD, Department of Clinical Research Design and Evaluation, SAIHST,
Sungkyunkwan University, 81 Irwon-ro, Gangnam-gu, Seoul, 06351, South Korea.

Email: dbee kang@skku.edu



mailto:hyeyunpark@skku.edu
mailto:dbee.kang@skku.edu

ABSTRACT

Preserved ratio impaired spirometry (PRISm) is associated with increased morbidity and
mortality. However, the impact of PRISm on the postoperative outcomes of non-small cell lung
cancer (NSCLC) surgery remains poorly understood. We retrospectively analyzed data of 8§34
patients with NSCLC from the prospective CATCH-LUNG cohort who underwent curative
lung resection between March 2016 and December 2020. The patients were categorized into
four groups: normal, PRISm, mild obstructive lung disease (OLD), and moderate OLD. The
primary outcomes were postoperative pulmonary complications (PPCs) and cardiac
complications (PCCs) that occurred within 30 days post-surgery. The incidences of PPCs and
PCCs were significantly higher in the PRISm group (PPC: 11.5%; PCC: 16.4%) than in the
normal lung function group (PPC: 3.3%; PCC: 4.6%). Paticnts with PRISm had adjusted RRs
of 2.62 (95% CI: 1.10-6.23) for PPCs and 2.67 (95% CI: 1.42-4.99) for PCCs. The adjusted
RRs for PPCs were 2.32 in mild OLD and 3.25 in moderate OLD, whereas those for PCCs
were 1.94 in mild OLD and 2.32 in moderate OLD. Notably, among patients with PRISm,
those with low FVC (<80% predicted) had markedly higher risks of PPCs (adjusted RR =3.41;
95% CI: 1.22-9.54) and PCCs (adjusted RR = 3.31; 95% CI: 1.74-6.31) compared to those
with normal FVC. PRISm, like chronic obstructive pulmonary disease, substantially increases
the risk of postoperative complications of NSCLC surgery and should be recognized as an

important clinical category.
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INTRODUCTION

Non-small cell lung cancer (NSCLC) is a major public health burden despite
improvements in diagnostic techniques and treatment strategies!. Surgical resection remains
the mainstay of curative treatment for patients with early-stage NSCLC. However,
postoperative complications are a major concern, adversely affecting patient outcomes, quality
of life, and healthcare costs>*. Therefore, identifying patients at a high risk of postoperative
complications is crucial to improve surgical outcomes.

Preserved ratio impaired spirometry (PRISm), historically referred to as a “restrictive
spirometric pattern”, is now recognized as a distinct spirometric phenotype. PRISm is
characterized by a reduced forced expiratory volume in 1 second (FEV1) of <80%, with an
FEV1/forced vital capacity (FVC) ratio of >0.7°. The prevalence of PRISm is estimated to
range from 7% to 12%>% in the general population. The 2025 Global Initiative for Chronic
Obstructive Lung Disease (GOLD) report describes PRISm as an abnormal spirometric pattern
with a preserved FEV1/FVC ratio and impaired lung function. The report notes that individuals
with PRISm, similar to those with other forms of pre-chronic obstructive pulmonary disease
(pre-COPD), are at increased risk of developing airflow obstruction over time’. Longitudinal
cohort studies suggest that roughly one-third of individuals with PRISm progress to COPD
over 4-5 years, whereas a substantial proportion may revert to normal spirometry or remain
stable®?. Unlike COPD, in which both FEV1 and FEV1/FVC ratio are compromised, PRISm
is considered a heterogeneous spirometric pattern that was previously often labeled broadly as
restrictive lung disease. It may reflect various underlying pathophysiologic conditions,
including obesity-related hypoventilation, subclinical interstitial abnormalities, early airway
disease, and incomplete lung development!'%!!. PRISm can be classified into restrictive (FVC
<80%) and non-restrictive (FVC >80%) subtypes. The two groups differ in their risk factors,

CT findings, and how they progress over time!?. Several systematic reviews and meta-analyses



have reported that PRISm is associated with increased all-cause, cardiovascular, and
respiratory mortality compared with normal spirometry®®-13-17. However, its implications in a
perioperative setting, particularly in patients undergoing lung resection for NSCLC, remain
poorly understood. Considering that lung function is a crucial factor for assessing surgical
risk'8, the impact of PRISm on postoperative outcomes requires further investigation.
Therefore, the aim of our study was to investigate the incidence and outcomes of
postoperative cardiopulmonary complications in patients with PRISm who underwent lung
resection for NSCLC. Specifically, we compared the incidence of postoperative complications
among patients with PRISm, those with normal pulmonary function, and those with airflow

limitation.

RESULTS
Patients

Among the participants, 582 (69.8%), 61 (7.3%), 94 (11.3%), and 97 (11.6%) had
normal, PRISm, mild OLD, and moderate OLD before surgery, respectively. Participants with
PRISm or OLD were more likely to be male, smokers, have more comorbidities, and have a
more severe disease stage than those with normal lung function. Participants with PRISm or
OLD also had a higher proportion of pneumonectomy or bilobectomy, and fewer VATS

procedures, compared to the normal lung function group (Table 1).

Postoperative cardiopulmonary complications

The overall incidence of PPCs was 6.8% (n = 57). The incidence of PPCs was higher
in the PRISm (11.5%), mild OLD (11.7%), and moderate OLD (20.6%) groups than in the
normal group (Table 2). In the adjusted models, the relative risks (RRs) for PPCs were

significantly higher in the PRISm (RR = 2.62; 95% confidence interval (CI) = 1.10-6.23), mild



OLD (RR =2.32; 95% CI = 1.15-4.70), and moderate OLD (RR = 3.25; 95% CI = 1.69-6.27)
groups than in the normal group. In the subgroup analysis, the PRISm group had a consistently
higher incidence of PPCs than the normal group. However, the association between PRISm
and PPC in lobectomy subgroup was stronger than in other surgical groups (p for interaction
<0.01) (Figure 2). The overall incidence of PCCs was 7.9% (n = 66), with the highest incidence
observed in the PRISm (16.4%), mild OLD (12.8%), and moderate OLD (17.5%) groups than
in the normal group (Table 2). In the adjusted models, the RRs for PCCs were significantly
increased in the PRISm (RR = 2.67; 95% CI = 1.42-4.99), mild OLD (RR = 1.94; 95% CI =

1.02-3.67), and moderate OLD (RR = 2.32; 95% CI = 1.20-4.48) groups than in the normal

group.

Postoperative cardiopulmonary complications according to FVC

Among patients with PRISm, those with a low FVC had a significantly higher rate of
PPCs (14.6%) compared to those with a normal FVC (5.0%) and normal lung function (3.3%).
Similarly, the rate of PCCs was significantly higher in patients with a low FVC (22.0%) than
in those with a normal FVC (5.0%) or normal lung function (4.6%). The adjusted RRs of PPCs
(RR =3.41; 95% CI = 1.22-9.54) and PCCs (RR = 3.31; 95% CI = 1.74-6.31) were markedly

higher in patients with a low FVC than in those with a normal FVC (Table 3).

Mortality

In the 5-year mortality (median = 4.8; interquartile range =2.7-5), the five-year survival rate
was 94.7% in the normal group, 86.4% in the PRISm group, 86.8% in the mild OLD group and
81.6% in the moderate OLD group. In the Cox models, the adjusted HR were 1.19 (95% CI
0.51-2.82) in the PRISm group, 1.87 (95% CI 0.89-3.92) in the mild OLD group and 2.01 (95%

CI 1.00—4.14) in the moderate OLD group compared with the normal group (Table 4).



DISCUSSION

We evaluated the perioperative outcomes in patients with PRISm in comparison with
those with mild OLD, moderate OLD, and normal lung function after lung cancer surgery. The
proportion of patients with PRISm in the current cohort (7.3%) was similar to that in previous
reports, suggesting that the prevalence rate of PRISm was between 7% and 12% in the general
population>S. The rates of PPCs in patients with PRISm, mild OLD, and moderate OLD were
11.5%, 11.7%, and 20.6%, respectively, compared to 3.3% in patients with normal lung
function. The adjusted RRs for the PRISm, mild OLD, and moderate OLD groups were 2.62,
2.32, and 3.25, respectively. Furthermore, the incidence rates of PCCs were significantly higher
in the PRISm, mild OLD, and moderate OLD groups than ini the normal group. A subgroup
analysis demonstrated a consistently higher risk ratio for PPCs in the PRISm group than in the
normal group.

To our knowledge, only a few studies have evaluated the risk of PPCs in patients with
PRISm. Some studies have highlighted an increased incidence of PPCs in patients with PRISm
or restrictive spirometry patterns undergoing non-cardiothoracic surgery'®?’. Additionally, a
study from Taiwan suggested that PRISm may be a risk factor for lung cancer and is associated
with increased overall mortality!”. A major strength of our study is that both PPCs and PCCs
were prospectively assessed according to pre-defined, standardized definitions, thereby
minimizing misclassification and outcome ascertainment bias. This rigorous outcome
assessment enabled direct comparison of PPC rates among patients with PRISm, OLD, and
normal lung function within a lung cancer surgery cohort.

Interestingly, in the present study, the moderate OLD group had the highest risk of
PPCs, followed by the PRISm and mild OLD groups. These findings support those of previous

studies demonstrating a direct relationship between the degree of airflow limitation and an



increased rate of postoperative complications after thoracic surgery?'22, However, our study
showed that patients with PRISm had a higher risk of PPCs compared to those with mild OLD.
This suggests that patients with reduced lung function but preserved airflow limitation may
have greater surgical vulnerability than those with mild airflow obstruction.
Several pathophysiologic mechanisms may explain this finding. First, patients with
PRISm in our cohort had a numerically higher BMI compared with those with normal lung
function or mild OLD. PRISm is often accompanied by obesity, which can reduce lung
volumes through mechanical compression and is linked to a systemic pro-inflammatory state
with elevated interleukin-6 (IL-6), tumor necrosis factor-o (TNF-a), and C-reactive protein
(CRP) 2324, These obesity-related mechanical and inflammatory effects may impair wound
healing and increase susceptibility to postoperative infections and cardiovascular events®.
Second, cardiovascular disease was more frequent among patients with PRISm in our cohort
and preoperative functional capacity was also lower in PRISm patients, as reflected by shorter
6-minute walk test distances compared with those with normal lung function or mild OLD,
indicating reduced cardicpulmonary reserve, a well-established predictor of postoperative
complications?®. Although these comorbidities and functional limitations were accounted for
in multivariable analyses, PRISm remained independently associated with increased risks of
postoperative pulmonary and cardiac complications. Notably, the adjusted relative risk for
PCCs was highest in the PRISm group, supporting the contribution of systemic factors beyond
pulmonary function alone. These findings are consistent with prior reports linking PRISm to
increased cardiovascular mortality®!427. Our results suggest that PRISm represents a distinct
pathophysiologic entity rather than a mild COPD variant and should be explicitly considered
in preoperative risk assessment.
There is growing recognition that PRISm is a heterogenous entity driven by diverse

underlying pathophysiologies!®. Recent studies have proposed stratifying PRISm into



"restrictive PRISm" (FVC <80% predicted) and "non-restrictive PRISm" (FVC >80%
predicted), which exhibit distinct risk factor profiles and clinical trajectories!?. To explore this
heterogeneity, we performed a stratified analysis based on FVC levels within the PRISm group.
Our data demonstrated that PRISm patients with low FVC had a markedly higher risk of both
PPCs (adjusted RR = 3.41) and PCCs (adjusted RR = 3.31) compared to those with normal
FVC. This "low FVC" phenotype within PRISm may reflect more severe restrictive physiology
related to obesity-induced lung compression, subclinical interstitial lung abnormalities,
neuromuscular weakness, or other mixed pathologies?*?830, This “low FVC” subgroup
represents a clinically important phenotype that may benefit from preoperative optimization
through pulmonary rehabilitation, smoking cessation, and metabolic control.

These findings have practical implications for periopcrative care. Clinicians should
carefully assess PRISm before lung resection, especially when accompanied by low FVC or
multiple comorbidities. Preoperative optimization may include pulmonary rehabilitation,
smoking cessation, and weight reduction in obese patients—approaches supported by data from
COPD and thoracic surgery studies?!-33. Given that PRISm often accompanies hypertension,
diabetes, and dyslipidemiia, these conditions should be well managed before surgery. For
PRISm patients with low FVC who are deemed high-risk, a multidisciplinary discussion among
pulmonologists, surgeons, and anesthesiologists can help decide whether minimally invasive
techniques or limited resection are preferable. Although prospective perioperative data specific
to PRISm are lacking, existing evidence suggests that targeted interventions could mitigate risk.

Our study has several limitations. First, since our study population was recruited from
a single tertiary center, generalizability to other populations or surgical settings may be limited.
The clinical characteristics of PRISm appear to vary across regions and ethnic populations. In
several Asian cohorts, PRISm has been reported more frequently in individuals in settings with

higher burdens of tuberculosis or environmental exposures, whereas in many Western



populations PRISm is more commonly linked to obesity and metabolic syndrome'3-'4. These
differences may affect the relationship between PRISm and postoperative outcomes, and
external validation in other ethnic populations is warranted. Second, our study included only
patients with lung cancer who received curative surgical treatment; therefore, the results may
not be generalizable to other types of patients undergoing thoracic or non-thoracic surgical
procedures. Future studies with larger, multicenter cohorts are required to enhance our
understanding of the risks associated with PRISm. Finally, despite rigorous statistical
adjustment for BMI, smoking, and functional capacity, we cannot completely rule out the

possibility of residual confounding from unmeasured variables.

CONCLUSION

In conclusion, PRISm, similar to COPD, is a significant and independent risk factor for
postoperative cardiopulmonary complications in lung cancer surgery. Patients with low FVC
within the PRISm spectrum should be recognized as high-risk candidates who may benefit
from perioperative pulmonary rehabilitation, weight management, and optimization of

cardiometabolic comorbidities to improve surgical outcomes.

MATERIALS AND METHODS
Participants

Data were obtained from a prospective cohort study, the Coordinate Approach to
Cancer Patients’ Health for Lung Cancer (CATCH-LUNG). Patients for the CATCH-LUNG
study were recruited from a tertiary university-based cancer center between March 2016 and
December 2020 in Seoul, Korea. The following patients were included in the CATCH-LUNG
study: 1) those who were expected to undergo curative lung cancer surgery for suspected

NSCLC, 2) those with an Eastern Cooperative Oncology Group Performance Status of 0 or 1,
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3) those who did not have any problem in walking, and 4) those who understood the purpose
of this study and agreed to participate. The following patients were excluded from the study:
1) those who had undergone neoadjuvant treatment prior to surgery, 2) those free of NSCLC
after pathological examination, 3) those for whom the surgery was canceled, or 4) those who
withdrew consent before baseline data collection. Finally, 834 patients were included in this
study (Figure 1). The study protocol was approved by the Institutional Review Board of
Samsung Medical Center (IRB no. 2015-11-025) and aligns with the principles of the

Declaration of Helsinki. Written informed consent was obtained from all participants.

Spirometry test

Spirometry and diffusing capacity for carbon monoxide (DLco) measurements were
performed using a Vmax 22 (SensorMedics, OH, USA) according to the American Thoracic
Society (ATS)/European Respiratory Society criteria’**3. Absolute values of FEV1, forced
vital capacity (FVC), and DLco were obtained, and the percentages of the predicted values (%
predicted) for FEV1, FVC, and DLco were calculated using a reference equation obtained from
the analysis of a representative Korean sample3®37. The participants were categorized into four
groups: normal (FEV1/FVC2>0.7 and FEVI >80%), PRISm (FEVI/FVC=>0.7 and
FEV1 <80%), mild obstructive lung disease (OLD) (FEV1/FVC <0.7 and FEV1 >80%) and

moderate OLD (FEV1/FVC<0.7 and FEV1 <80%)8.

Postoperative cardiopulmonary complications

The primary endpoint of this study was the incidence of postoperative cardiopulmonary
complications within the first 30 postoperative days. Data on postoperative pulmonary
complications (PPCs) and postoperative cardiac complications (PCCs) were collected

prospectively, following pre-agreed-upon definitions®®. A PPC was defined as any of the
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following conditions: 1) atelectasis requiring bronchoscopic toileting; 2) pneumonia
characterized by at least three of the following criteria: leukocytosis, pulmonary infiltrate or
consolidation, fever (>38 °C), positive culture, or use of antibiotics; 3) acute lung injury or
acute respiratory distress syndrome (rate of arterial oxygen partial pressure to fractional
inspired oxygen <300 and bilateral infiltrate seen on chest radiograph without an evidence of
congestive heart failure or volume overload); or 4) acute exacerbation of chronic obstructive
pulmonary disease’!. A PCC was defined as any of the following events: acute myocardial
infarction, ventricular tachycardia/fibrillation, primary cardiac arrest, complete heart block,
cardiac-related death, or atrial arrhythmia requiring the use of anti-arrhythmic drugs or anti-
coagulants’®4, All postoperative cardiopulmonary complications were assessed using
Clavien—Dindo classification*!. In this study, PPCs and PCC were defined as newly developed
postoperative conditions of >grade 2 according fo the Clavien—Dindo classification; for
arrhythmia, new or different postoperative rhythms distinct from any pre-existing

abnormalities were classified as PCC.

Mortality
Overall survival (OS) was calculated from the date at operation to death from any cause. Vital
status and date of death until May 23, 2023, were obtained from death certification collected

from the Ministry of the Interior and Safety.

Other factors

Sociodemographic and behavioral information including age, sex, body mass index,
smoking status, the presence of comorbidities, pulmonary function, and laboratory findings
were recorded. The participants performed the 6-minute walk test (6MWT) according to the

ATS guidelines**. Each participant was asked to walk (not run) back and forth along the



corridor as briskly as possible so that the longest possible distance was covered in 6 minutes.
Data on the type of surgical approach, pathologic type of lung cancer, and pathological stage

were collected after surgery.

Statistical analysis

Descriptive statistics were used to summarize the characteristics of the participants
stratified by groups. Continuous and categorical variables were compared among the groups
using analysis of variance and Fisher’s exact test, respectively. We estimated the marginally
adjusted proportions of postoperative cardiopulmonary complications in each group and
calculated their relative risks (RRs) using Poisson regression with a robust variance. We
selected covariates based on prior evidence and clinical relevance. The final multivariable
models included age, sex, body mass index, smoking status, 6-minute walk test, history of
cardiovascular disease, pathological stage, histological type, and type of surgery. In addition,
we conducted an exploratory subgroup analysis within the PRISm cohort, comparing patients
with low and normal FVC using the same multivariable adjustment to evaluate the association
between low FVC and postoperative risk. For overall survival, we calculated the incidence rate
of mortality per year and estimated the five-year cumulative survival rate using Kaplan Meier
methods. We then performed Cox regression to estimate hazard ratios with 95% CIs for each
lung function group. The covariates were identical to those used in the postoperative
cardiopulmonary complication models. We calculated p-values for interactions to test whether
the association between lung function and postoperative cardiopulmonary complications
differed according to these factors. Statistical significance was set at P-value <0.05. All

analyses were performed using STATA version 18 (StataCorp LP, College Station, TX, USA).
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FIGURE LEGENDS

Figure 1. Flowchart of study patients’ selection process

NSCLC, non-small cell lung cancer; 6MWT, 6-minute walk test

Figure 2. Subgroup analysis (adjusted relative risk for PPC)

CVD, cardiovascular disease; RR, relative risk; PPC, postoperative pulmonary

complications
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TABLES

Table 1. Characteristics of the patients in the pulmonary function groups (n = 834)

Characteristics Normal PRISm Mild OLD Moderate OLD P values
(n=582) (n=61) (n=94) (n=97)

Age, years 60.3 (9.3) 60.9 (8.7) 65.2 (8) 67.4 (6.8) <0.001

Sex, male 266 (45.7) 38 (62.3) 78 (83.0) 85 (87.6) <0.001

BMI, kg/m? 23.9(2.7) 24.8 (4.2) 24 (2.4) 23.7 (2.7) 0.14

Smoking status <0.001
Never smoker 269 (46.2) 23 (37.7) 19 (20.2) 12 (12.4)

Ever smoker 181 (31.1) 28 (45.9) 56 (59.6) 59 (60.8)
Unknown 132 (22.7) 10 (16.4) 19 (20.2) 26 (26.8)

Comorbidities
Pulmonary 49 (8.4) 13(21.3) 8 (8.5) 35(36.1) <0.001
Hypertension 198 (34) 26 (42.6) 33 (35.1) 40 (41.2) 0.35
Diabetes mellitus 71 (12.2) 15 (24.6) 17 (18.1) 17 (17.5) 0.03
Cardiovascular disease 47 (8.1) 11 (18.0) 9(9.6) 16 (16.5) 0.010

Pathologic stage 0.03
I 446 (76.6) 37 (60.7) 67 (71.3) 67 (69.1)

II 30 (13.7) 15 (24.6) 15 (16) 23 (23.7)
/v 56 (9.6) 9(14.8) 12 (12.8) 7(7.2)

Histologic type <0.001
Squamous cell carcinoma 40 (6.9) 14 (23) 18 (19.1) 41 (42.3)
Adenocarcinoma 526 (90.4) 43 (70.5) 72 (76.6) 50 (51.5)

Others 16 (2.7) 4 (6.6) 4(4.3) 6 (6.2)

Type of surgery 0.001

Pneumonectomy 5(0.9) 3(0.5) 0 (0) 2(0.3)
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Bilobectomy 4(0.7) 5(0.9) 3(0.5) 4(0.7)
Lobectomy 452 (77.7) 47 (77.1) 74 (78.7) 73 (75.3)
Segmentectomy 73 (12.5) 3(0.5) 11 (1.9) 9(1.5)
Wedge resection 48 (8.2) 3(0.5) 6 (1) 9(1.5)
Type of surgical approach, VATs 512 (88) 38 (6.5) 61 (10.5) 56 (9.6) <0.001
Pulmonary function
FVC, L 3.6 (0.8) 2.9 (0.6) 4.2 (0.8) 3.3(0.7) <0.001
FVC, % predicted 95.4 (10) 73.2 (8.1) 100.5 (10.4) 81.3(9.8) <0.001
FEV,, L 2.8(0.6) 2.2(0.4) 2.8 (0.5) 1.9 (0.5) <0.001
FEV,, % predicted 96.6 (10.1) 72.4 (5.7) 89.8 (8.8) 65.5(9.1) <0.001
FEV/FVC 77.7 (4.8) 75.7 (4.3) 65.2(3.4) 58.4 (8.1) <0.001
DLco, % predicted 92.8 (14.7) 79.6 (16) 90.5 (18.5) 78.7 (15.3) <0.001
6MWT, m 519.4 (81) 479.8 (9;”.4) 524 (72.6) 497.8 (63.2) <0.001

Values are number of patients (%) or mean (standard deviation).

BMI, body mass index; PRISm, preserved ratio impaired spirometry; OLD, obstructive lung disease; 6MWT, 6-minute walk test; COPD,
chronic obstructive pulmonary disease; FVC, forced vital capacity; FEV, forced expiratory volume in 1 s; DLco, diffusing capacity of
carbon monoxide; VATS, video-assisted thoracoscopic surgery; ppoFEV, predicted postoperative forced expiratory volume in 1 s;

ppoDLco, predicted postoperative diffusing capacity of carbon monoxide.



Table 2. Risk of postoperative cardiopulmonary complications (PPCs or PCCs) in patients with NSCLC

Normal PRISm Mild OLD Moderate OLD
(n=582) (n=61) (n=94) (n=97)
Postoperative pulmonary complications
N (%) 19 (3.3) 7(11.5) 11(11.7) 20 (20.6)
Crude RR (95% CI) Reference 3.52 (1.54-8.02) 3.59 (1.76-7.29) 6.32 (3.50-11.40)
Adjusted RR (95% CI) * Reference 2.62 (1.10-6.23) 2.32 (1.15-4.70) 3.25(1.69-6.27)
Postoperative cardio complications
N (%) 27 (4.6) 10 (16.4) 12 (12.8) 17 (17.5)
Crude RR (95% CI) Reference 3.53 (1.80-6.95) 2.75 (1.44-5.24) 3.78 (2.14-6.67)
Adjusted RR (95% CI) * Reference 2.67 (1.42-4.99) 1.94 (1.02-3.67) 2.32(1.20-4.48)
Postoperative cardiopulmonary complications
N (%) 44 (7.6) 16 (26.2) 18 (19.1) 32 (33.0)
Crude RR (95% CI) Refereice 3.47 (2.09-5.77) 2.53 (1.53-4.19) 4.36 (2.92-6.52)
Adjusted RR (95% CI) * Refereince 2.70 (1.63-4.49) 1.78 (1.07-2.97) 247 (1.55-3.94)

*Adjusted for age, sex, body mass index, smoking status, 6-minute walk test, history of cardiovascular disease, pathology stage, histologic

type, and type of surgery

PPCs occurred as ALI/ARDS (n=14), ALI/ARDS with pneumonia (n=15), pneumonia alone (n=16), atelectasis requiring bronchoscopic

toileting (n=9), and acute exacerbation of COPD (n=3); PCCs occurred as atrial arrhythmias (n=61), PSVT (n=1), sinus tachycardia

(n=3), and myocardial infarction (n=1), with no ventricular arrhythmias, complete heart block, or cardiac arrest/death.
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Reference refers to the normal lung function group set as the baseline (RR = 1.00)

PPCs, postoperative pulmonary complication; PCCs, postoperative cardiac complication; NSCLC, non-small cell lung cancer; PRISm,
preserved ratio impaired spirometry; OLD, obstructive lung disease; CI, confidence interval; RR, relative risk; ALI, acute lung injury;

ARDS, acute respiratory distress syndrome; PSVT, paroxysmal supraventricular tachycardia
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Table 3. Risk of postoperative cardiopulmonary complications (PPCs or PCCs) in patients with NSCLC: stratified by FVC

Normal PRISm with normal FVC PRISm with low FVC
(n =582) (n=20) (n=41)
Postoperative pulmonary complications
N (%) 19 (3.3) 1(5.0) 6 (14.6)
Crude RR (95% CI) Reference 1.53 (0.22-10.90) 4.48 (1.89-10.62)
Adjusted RR (95% CI) * Reference 1.59 (0.20-12.81) 3.41 (1.22-9.54)
Postoperative cardio complications
N (%) 27 (4.6) 1(5.0) 9 (22.0)
Crude RR (95% CI) Reference 1.08 (0.15-7.55) 4.73 (2.38-9.39)
Adjusted RR (95% CI) * Reference 1.52 (0.20-11.43) 3.31(1.74-6.31)
Postoperative cardiopulmonary complications
N (%) 44 (7.6) 2 (10.0) 14 (34.2)
Crude RR (95% CI) Refereice 1.32 (0.34-5.08) 4.52 (2.71-7.53)
Adjusted RR (95% CI) * Refereice 1.56 (0.38-6.42) 3.37 (1.95-5.83)

*Adjusted for age, sex, body mass index, smoking status, 6-minute walk test, history of cardiovascular disease, pathology stage, histologic

type, and type of surgery

Reference refers to the normal lung function group set as the baseline (RR = 1.00)

PPCs, postoperative pulmonary complication; PCCs, postoperative cardiac complication; NSCLC, non-small cell lung cancer; PRISm,

preserved ratio impaired spirometry; OLD, obstructive lung disease; CI, confidence interval; RR, relative risk



Table 4. Hazard Ratio of mortality in patients with NSCLC

Normal PRISm Mild OLD Moderate OLD

(n=582) (n=61) (n=94) (n=97)
Number of death (incidence rate per a year %) 28 (1.2) 8(3.4) 11 (3.0) 16 (4.7)
5-years survival rate, % 94.7 86.4 86.8 81.6
Crude HR (95% CI) Reference 2.81 (1.28-6.16) 2.47 (1.23-4.97) 3.89 (2.10-7.16)
Adjusted HR (95% CI) * Reference 1.19 (0.51-2.82) 1.87 (0.89-3.92) 2.01 (1.00-4.14)

*Adjusted for age, sex, body mass index, smoking status, 6-minute walk test, history of cardiovascular disease, pathology stage, histologic

type, and type of surgery

Reference refers to the normal lung function group set as the baseline (HR = 1.00)

NSCLC, non-small cell lung cancer; PRISm, preserved ratio impaired spirometry; OLD, obstructive lung disease; CI, confidence interval;

HR, hazard ratio
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Walkable patients with suspected stages I-III NSCLC
scheduled for curative pulmonary resection as the
primary treatment, without a history of other
malignancies in the past 5 years and
who provided informed consent
(n=1,023)

A

Excluded patients (» = 131)
Cancellation of surgery (n = 41)
Changes in treatment plan (n = 15)
Multiple primary cancers (n = 8) I
Withdrawal of consent (n = 53)

Missing preoperative assessment (n = 14)

Preoperative assessment:
Questionnaires and 6MWT (n = 892)

Additionally exciuded (n = 58)
Postoperative pathological findings of non-primary NSCLC
Benign lesion (n = 38)
Non-NSCLC such as small cell lung cancer, lymphoma, or
sarcoma (n =9)
Metastatic cancer (n =5)
Non-curative resection (n = 6)

Final analysis
(n=834)

Figure 1.
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Age
<65 (n=441)
=65 (n=202)
p-for interaction
Sex
Male (n=304)
Female (n=339)
p-for interaction
Body mass index
No obese (n=413)
Obese (n=226)
p-for interaction
History of pulmonary disease
No (n=581)
Yes (n=62)
p-for interaction
History of CVD
No (n=585)
Yes (n=58)
p-for interaction
Type of surgery
Extended resection (n=17)
Lobectomy (n=499)
Limited resection (n=127)
p-for interaction
Overall

Figure 2.

RR for PPC (95% CI)
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