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Abstract. This study aimed to investigate the potential clinical factors that may be associated with the inci-
dence of lung cancer. A total of 150 individuals were enrolled in this cohort study, of which 78 were diagnosed 
with lung cancer. The results of this study revealed some interesting findings. Specifically, male sex, older age, 
and lower BMI were found to be significantly associated with an increased risk of developing lung cancer.  
In contrast, several pulmonary function measures, including FEV1/FVC ratio, FVC, and FEV1, were signifi-
cantly associated with a decreased risk of lung cancer. Additionally, higher levels of Feno were found to be sig-
nificantly associated with an increased risk of lung cancer. These findings may be useful in developing strategies 
for the prevention and management of lung cancer, particularly for individuals with these risk factors. Further 
research is needed to validate these findings and explore the underlying mechanisms behind these associations. 
Overall, this study provides valuable insights into the potential clinical factors that may be associated with lung 
cancer incidence, and it highlights the importance of early detection and prevention strategies.
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Introduction

Lung cancer remains a leading cause of cancer-
related mortality globally, and there is a growing in-
terest in the development of non-invasive methods 
for its early detection and prediction (1, 2). Pulmo-
nary function tests (PFTs) and Fractional exhaled 
nitric oxide (FeNO) are two such methods that 
have received considerable attention in this regard. 
PFTs, which evaluate lung volumes, capacities, and 
flow rates, have been demonstrated to detect changes 

in lung function even before clinical symptoms ap-
pear, making them a valuable tool for early detection 
of lung cancer (3, 4). Furthermore, PFTs have also 
been used to assess lung cancer severity and monitor 
disease progression. On the other hand, FeNO is a 
non-invasive biomarker of airway inflammation and 
a marker of nitric oxide (NO) levels produced in the 
lungs and exhaled through the breath (3, 5). Elevated 
FeNO levels have been linked to lung cancer, and 
some studies have shown that FeNO can predict the 
risk of developing lung cancer (6-8).

While there have been numerous studies inves-
tigating the potential of PFTs and FeNO individu-
ally (4, 9, 10), there is a lack of research comparing 
their combined predictive value. Therefore, this study 
aims to evaluate and compare the predictive value of 
PFTs and FeNO in combination for predicting lung 
cancer. The use of these two tests in combination has 
the potential to enhance their diagnostic accuracy 
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and provide a more comprehensive assessment of 
lung function and inflammation. Thus, the findings 
of this study may have significant implications for 
the early detection and management of lung cancer.

Early detection of lung cancer is critical for im-
proving patient outcomes, and the development of a 
non-invasive screening tool for lung cancer may have 
profound implications for public health (11, 12). The 
identification of individuals at high risk of develop-
ing lung cancer through a non-invasive screening tool 
could enable early intervention, ultimately reducing 
morbidity and mortality associated with lung cancer 
(13, 14). Therefore, the results of this study may pro-
vide valuable insights into the potential use of PFTs 
and FeNO in combination for the development of 
a non-invasive screening tool for lung cancer. Ulti-
mately, this could lead to more effective strategies for 
lung cancer prevention, early detection, and treatment, 
thereby improving patient outcomes and saving lives.

Methods

Study design and participants

Between December 2018 and December 2020, a 
total of 150 individuals were enrolled in this cohort 
study, of which 78 were diagnosed with lung cancer. 
The pathological diagnosis of all lung cancer patients 
confirmed their clinical status. Pathological examina-
tion was performed on lung tissue samples obtained 
through bronchoscopy or surgery for typing and stag-
ing. Inclusion criteria: Participants without symptoms 
of cough, expectoration, or dyspnea; Normal peripheral 
blood eosinophil levels (≤ 0.05); A confirmed patho-
logical diagnosis of lung cancer. Exclusion criteria: 
Patients with bronchial asthma or asthma-associated 
lung cancer; Any signs of lung infection, including 
cough, fever, expectoration, lung consolidation, moist 
crackles, elevated WBC count, or an etiologic diagno-
sis supported by chest radiographs; Presence of allergic 
rhinitis or any other airway inflammatory disease; Pe-
ripheral blood eosinophil levels higher than 0.05. The 
Ethics and Clinical Research Committee of Beijing 
Rehabilitation Hospital affiliated to Capital Medical 
University approved this study.

Outcomes

Healthy individuals and hospitalized lung can-
cer patients were assessed for pulmonary function 

and exhaled nitric oxide levels at Beijing Rehabili-
tation Hospital. The pulmonary function tests re-
corded the forced expiratory volume in one second 
to forced vital capacity ratio (FEV1/FVC), FEV1 as 
a percentage of the predicted value (FEV1%), and 
exhaled nitric oxide (FeNO) levels. Demographic 
information, presence of complications, and smok-
ing status were obtained through a survey. Exhaled 
nitric oxide levels were measured using a nitric ox-
ide analyzer (NANO COULOMB, Sunvou, China), 
with participants instructed to avoid strenuous ac-
tivity and food or drink for at least one hour prior 
to testing. Pulmonary function tests were conducted 
using a fully automated cardiopulmonary function 
machine (MS-PET, Jaeger VR, Germany), with par-
ticipants refraining from glucocorticoid use for at 
least 24 hours before testing. FeNO measurements 
were taken prior to lung function and bronchial dila-
tion tests, with the standardized expiratory flow rate 
for NO measurement at 50 mL/s followed according 
to the guidelines set by the ERS/ATS in 2005. Es-
sential parameters, including identification number, 
name, sex, age, height, weight, smoking status, prior 
diagnosis, reason for testing, and current corticoster-
oid medication (inhaled or systemic), were recorded 
before testing.

Statistical analyses

Initially, a normality test is conducted on the 
data. If the data conform to a normal distribution, 
the mean and standard deviation are employed to de-
pict the central tendency and dispersion of the data, 
and the Student’s t-test is utilized for intergroup 
comparisons. In the case where the data do not fol-
low a normal distribution, the median is used, and 
the Mann-Whitney U test is applied for intergroup 
comparisons. For categorical variables, they are rep-
resented by the number of individuals and the per-
centage, and the Chi-square test is employed.

Univariate analysis via logistic regression was 
performed for quantizing the factors’ effects. Pear-
son coefficient of association was used to calculate 
correlation between variables. Receiver operator 
characteristic (ROC) curve analysis was also used to 
evaluate the discriminative ability of valid machine 
learning classifiers, including support vector ma-
chine (SVM), decision tree (DT), logistic regression 
(LG), and random forest (RF). The significance lev-
els (type I error, α) were unified to 0.05 in this study.  
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All analyses were performed on R (version 3.6.3, 
64-bit, 2020-02-29).

Results

The baseline characteristics of the patients

The Table 1 reports the findings of a research 
study that aimed to examine the relationship be-
tween lung cancer and various demographic and lung 
function parameters. The study recruited 150 partici-
pants, of whom 72 had lung cancer while the remain-
ing 78 served as a control group. The table provides 
information on the distribution of participants based 
on their smoking status and gender, along with the 
mean values of age, BMI, and different lung function 
parameters for each group.

The results suggest a significant positive correla-
tion between gender and lung cancer, with a higher 
proportion of males observed in the lung cancer 
group compared to the control group. In contrast, 

smoking status did not appear to be associated with 
the occurrence of lung cancer. Furthermore, the 
study findings demonstrated a significant negative 
correlation between all lung function parameters 
and lung cancer. Specifically, the lung cancer group 
showed lower values for FEV1.0.FVC, FEV1.0.FVC 
predicted value, FEV1.0.VC, FVC predicted per-
centage, FEV1.0 predicted percentage, PEF, PEF25, 
PEF50, PEF75, MVV, and VC, and higher values 
for FeNO, as compared to the control group. The 
significance level of these results was p<0.001, except 
for PEF25, PEF50, and PEF75, which were signifi-
cant at p=0.002, 0.019, and 0.037, respectively.

Development and validation of logistic regression

Table 2 presents the findings of a prospective 
study investigating potential clinical factors linked 
to lung cancer incidence. Using univariable odds ra-
tios (OR), the study assessed the association between 
each independent variable and lung cancer risk. The 

Table 1. Baseline demographics of study participants.

 [ALL]
 N=150

Control
 N=72

Lung Cancer
 N=78 p

Smoke: 0.585

NO 67 (44.7%) 30 (41.7%) 37 (47.4%)

YES 83 (55.3%) 42 (58.3%) 41 (52.6%)

Sex: 0.013

Female 43 (28.7%) 28 (38.9%) 15 (19.2%)

Male 107 (71.3%) 44 (61.1%) 63 (80.8%)

Age 70.4 ± 8.48 70.0 ± 6.69 70.7 ± 9.88 0.601

BMI 23.1 ± 2.93 23.5 ± 2.33 22.8 ± 3.37 0.164

FEV1.0.FVC. 65.4 ± 14.4 77.1 ± 3.41 54.6 ± 12.0  <0.001

FEV1.0.FVC.predicted.value. 89.5 ± 18.4 102 ± 11.1 78.1 ± 16.3  <0.001

FEV1.0.VC. 67.9 ± 14.4 76.6 ± 6.49 59.8 ± 14.9  <0.001

FVC.predicted.percentage 88.8 ± 25.1 106 ± 11.5 73.4 ± 24.3  <0.001

FEV1.0.predicted.percentage 80.7 ± 32.5 107 ± 12.8 56.4 ± 25.4  <0.001

PEF 76.3 ± 34.6 106 ± 11.4 49.0 ± 25.2  <0.001

PEF25 38.9 ± 22.0 44.6 ± 23.2 33.6 ± 19.6 0.002

PEF50 26.1 ± 16.8 29.5 ± 18.1 23.0 ± 14.9 0.019

PEF75 33.8 ± 20.1 37.3 ± 21.3 30.5 ± 18.5 0.037

MVV 82.4 ± 30.1 104 ± 13.9 62.5 ± 27.2  <0.001

VC 87.3 ± 25.1 102 ± 13.1 73.6 ± 25.8  <0.001

Feno 28.5 ± 23.4 18.1 ± 4.74 38.2 ± 29.0  <0.001

Data are expressed as mean(median)± SD or N (%).
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Furthermore, smoking shows a significant nega-
tive correlation with PEF50. Gender displays a sig-
nificant negative correlation with FEV1.0 FVC and 
FEV1.0 FVC predicted value. In addition, there is a 
positive correlation between lung function variables.

Development and validation of a predictive model

The ROC plot in Figure 2 illustrated the analy-
sis of lung function parameters and FeNO in predict-
ing lung cancer. The model included variables such as 
FEV1.0% (FVC), predicted percentage of FEV1.0% 
(FVC), FEV1.0% (VC), predicted FVC percentage, 
predicted FEV1.0 percentage, PEF, PEF25, PEF50, 
PEF75, MVV, VC, and FeNO (ppb).

Sensitivity and specificity values were plotted 
to assess the model’s ability to distinguish between 
outcomes. The area under the curve (AUC) values 
for the Logit model at 0.995, SVM at 1.000, RF at 
0.993, and DT at 0.967, indicating high predictive 
accuracy for lung cancer. These findings suggest that 
these variables have strong potential as biomark-
ers for lung cancer, though further investigation 
and validation are essential to confirm their clinical 
reliability.

results indicated that male sex, older age, and lower 
BMI were significant risk factors for lung cancer. 
Additionally, notable differences in lung function 
tests and FeNO values were observed between lung 
cancer patients and the control group, further high-
lighting potential clinical markers of the disease.

In further multivariate analysis, the OR value for 
Sex is 4.25 (p =.005), clearly indicating that male Sex 
is an important risk factor for the development of lung 
cancer. In terms of lung function parameters, the OR 
value for FEV1.0% (FVC) is 0.66 (p =.012), and the 
OR value for PEF is 0.87 (p <.001). The OR value for 
FeNO is 1.20 (p =.009). In conclusion, lower FEV1.0% 
(FVC) and PEF and higher FeNO are likely to be risk 
factors for the development of lung cancer.

Correlation of pulmonary function parameters and FeNO

There is a significant positive correlation between 
lung cancer and gender, as well as FeNO levels. Con-
versely, all lung function variables show a significant 
negative correlation with lung cancer. FeNO levels 
also exhibit a significant negative correlation with 
smoking, FEV1.0 FVC, FVC predicted percentage, 
FEV1.0 predicted percentage, PEF, MVV, and VC.

Table 2. Univariable and Multivariable Analysis of Risk Factors for Lung Cancer.

Control (N=72) Lung Cancer (N=78) OR (univariable) OR (multivariable)

Sex

Female 28 (38.9%) 15 (19.2%)

Male 44 (61.1%) 63 (80.8%) 2.67 (1.28-5.58, p=.009) 4.25 (1.56-11.59, p=.005)

FEV1.0% (FVC) 77.1 ± 3.4 54.6 ± 12.0 0.67 (0.58-0.78, p<.001) 0.66 (0.44-0.85, p=.012)

FEV1.0% (FVC) predicted value 101.9 ± 11.1 78.1 ± 16.3 0.89 (0.86-0.93, p<.001) 1.00 (0.87-1.11, p=.941)

FEV1.0% (VC) 76.6 ± 6.5 59.8 ± 14.9 0.88 (0.85-0.92, p<.001) 1.16 (1.01-1.38, p=.061)

FVC predicted percentage 105.6 ± 11.5 73.4 ± 24.3 0.92 (0.89-0.94, p<.001) 1.04 (0.96-1.13, p=.313)

FEV1.0 predicted percentage 107.1 ± 12.8 56.4 ± 25.4 0.89 (0.86-0.93, p<.001) 0.93 (0.81-1.02, p=.174)

PEF 105.8 ± 11.4 49.0 ± 25.2 0.87 (0.83-0.92, p<.001) 0.87 (0.81-0.91, p<.001)

PEF25 44.6 ± 23.2 33.6 ± 19.6 0.98 (0.96-0.99, p=.003) 0.99 (0.96-1.02, p=.433)

PEF50 29.5 ± 18.1 23.0 ± 14.9 0.98 (0.96-1.00, p=.021) 1.02 (0.98-1.06, p=.309)

PEF75 37.3 ± 21.3 30.5 ± 18.5 0.98 (0.97-1.00, p=.039) 1.00 (0.97-1.02, p=.068)

MVV 104.0 ± 13.9 62.5 ± 27.2 0.91 (0.89-0.94, p<.001) 0.98 (0.91-1.04, p=.495)

VC 102.1 ± 13.1 73.6 ± 25.8 0.94 (0.91-0.96, p<.001) 0.96 (0.86-1.05, p=.395)

FeNO 18.1 ± 4.7 38.2 ± 29.0 1.14 (1.08-1.21, p<.001) 1.20 (1.05-1.62, p=.009)

Data are expressed as mean(median)± SD or N (%); Odds ratios (ORs) with 95% confidence intervals (CIs) and p-values for two groups.
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levels have potential as a useful biomarker for the 
diagnosis and monitoring of lung cancer. These find-
ings provide further insights into the potential utility 
of lung function parameters and FeNO in identify-
ing and managing lung cancer risk.

Our study showed a significant negative cor-
relation between lung cancer and all the pulmonary 
function variables, including FEV1.0 FVC, FVC 
predicted percentage, FEV1.0 predicted percentage, 

Discussion

This study aimed to evaluate and compare the 
predictive value of lung function parameters and 
FeNO in relation to lung cancer risk. Our results in-
dicate that several lung function parameters, includ-
ing FEV1.0% (FVC), PEF, and FEV1.0 predicted 
percentage, are significantly associated with lung 
cancer risk. Furthermore, we observed that FeNO 

Figure 1. Correlations between lung cancer and demographic and clinical variables. Significant positive correlations are indicated by blue, 
and significant negative correlations are indicated by red.
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Based on the results shown in Figure 2, all four 
algorithms exhibited AUC values above 0.95, indi-
cating their ability to accurately classify the control 
group and the lung cancer group. Furthermore, the 
SVM model demonstrated the highest AUC value 
of 1.00, suggesting its superior discriminatory power 
in distinguishing between the control and lung can-
cer groups. These findings are consistent with previ-
ous studies that have demonstrated the effectiveness 
of RF in classification tasks (21). Overall, the high 
AUC values obtained for all four models highlight 
their potential utility in lung cancer diagnosis, with 
RF emerging as a promising candidate for further 
investigation.

It is important to note that several factors such 
as age, sex, and height can influence lung function 
parameters. Our study found that age and sex were 
significant predictors of lung cancer risk, with older 
individuals and males being at higher risk (22). 
Therefore, it is crucial to consider these factors when 
interpreting lung function test results in the context 
of lung cancer risk.

PEF, MVV, and VC (Fig. 1). These findings are 
consistent with previous studies that have reported 
a decrease in pulmonary function in patients with 
lung cancer (15, 16). The mechanism underlying the 
association between lung cancer and decreased pul-
monary function remains unclear. However, it has 
been suggested that chronic inflammation, oxida-
tive stress, and tumor invasion may contribute to the 
impairment of lung function (17). FeNO levels have 
been proposed as a non-invasive biomarker for air-
way inflammation and oxidative stress. In our study, 
we found a significant positive correlation between 
FeNO levels and lung cancer. This finding is in line 
with previous studies that have reported an increase 
in FeNO levels in patients with lung cancer (18, 19). 
The mechanism underlying the association between 
FeNO levels and lung cancer is not well understood. 
However, it has been suggested that oxidative stress 
and inflammation may play a role in the develop-
ment of lung cancer (20). Therefore, FeNO levels 
may serve as a useful biomarker for the diagnosis and 
monitoring of lung cancer.

Figure 2. ROC curves. blue: Logit; orange: SVM; black: RF; purple: DT.
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detection of potential risks, facilitating timely pre-
vention and intervention, thereby reducing the inci-
dence and mortality rates of lung cancer. This study 
demonstrates that machine learning algorithms can 
be used to accurately predict the likelihood of lung 
cancer using demographic data and lung function 
test results. The development of accurate predic-
tion models has the potential to improve lung cancer 
screening and prevention, enabling healthcare pro-
viders to identify individuals at high risk of devel-
oping lung cancer at an earlier stage. Regular lung 
function testing is also important for individuals at 
high risk of developing lung cancer, as it can help 
detect lung function abnormalities at an early stage, 
enabling healthcare providers to intervene before the 
development of lung cancer. Future studies should be 
conducted to validate the findings of this study and 
to develop more accurate and effective prediction 
models for lung cancer.
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