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Background: Chronic obstructive pulmonary disease (COPD) is a preventable and treatable disease with an increased mortality rate
in recent years, mainly caused by exposure to tobacco smoke. Regular physical activity is thought to diminish the risk of COPD
exacerbation, while very few studies investigate the interaction between smoking and physical activity on COPD development. This
study aims to investigate the association between smoking status, physical activity and prevalent COPD.

Methods: This study analyzed data of adults 20 to 79 years old from the National Health and Nutrition Examination Survey
(NHANES) 2007-2012.

Results: A total of 6404 participants aged 20—79 were included and divided into four groups by their physical activity levels and
smoking status. Amongst, 2819 (43.7%) were physically active non-smokers, 957 (14.8%) were physically inactive non-smokers, 1952
(30.3%) were physically active smokers, and 717 (11.1%) were physically inactive smokers. Prevalence of airflow obstruction were
5.7%, 7.1%, 17.7% and 18.6%, respectively. After adjustment, physically active smokers (aOR=2.71, 95% CI=1.94-3.80) and
physically inactive smokers (aOR=2.70, 95% CI=1.78-4.09) but not physically active non-smokers were more likely to have airflow
obstruction than physically active non-smokers. These associations were similar among most subgroups by age, sex, or BMI. Among
smokers, being physically inactive was not significantly associated with a greater chance for prevalent airflow obstruction than being
physically active.

Conclusion: Smokers, regardless of their physical activity level, are more likely to have airflow obstruction as compared with
physically active non-smokers. Within smokers, being physically inactive poses no excess chance to be airflow obstructed. The
findings indicate that physical activity level seem not altering the relationship between smoking and airflow obstruction.

Keywords: chronic obstructive pulmonary disease, smoking, physical activity, airflow obstruction

Introduction
Chronic obstructive pulmonary disease (COPD) is a common preventable and treatable disease, characterized by
persistent airflow limitation that is usually progressive and associated with an aggravated chronic inflammatory response
in the airways and the lung to noxious particles or gases.' The main symptoms of COPD are breathlessness, cough, and
sputum production.

There are 251 million cases of COPD globally.” An estimate by the Global Burden of Diseases Study (GBD) 2017
reports, 3.2 million people died from COPD worldwide in 2015, an increase of 11.6% compared with 1990.% The goals of
COPD assessment are to determine the level of airflow limitation, its impact on the patient’s health status, and the risk of
future events (such as exacerbations, hospital admissions, or death). Airflow limitation severity in COPD can be defined
and classified according to the FEV1 and FEV1/FVC ratios."
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The primary cause of COPD is exposure to tobacco smoke (either active smoking or second-hand smoke).”’
Smokers often continue to cough, experience chest tightness and usually have a higher mortality rate.® Some studies
suggest that regular physical activity reduces the risk of COPD exacerbation.”'” Smoking and physical inactivity are
known risk factors for many chronic lung diseases, and of course, COPD is no exception.“*13 However, evidence on the
interaction between smoking status and physical activity level in association with COPD and airflow obstruction are
relatively scarce.

This study aims to investigate the association between smoking status, physical activity level, and prevalent airflow
obstruction and COPD, using data from the National Health and Nutrition Examination Survey (NHANES) of the US.

Methods

Data Source

Data of participants from the National Health and Nutrition Examination Survey (NHANES) 20072012 were used for
this cross-sectional analysis. The NHANES program initiated since the early 1960s and has been guided as a series of
surveys focusing on different health topics. The selected samples for the NHANES survey represented the United States
population. Further detail information such as background, design, and operation are available on the NHANES website
(https://www.cdc.gov/nchs/nhanes/about nhanes.htm).

Ethics Statement

Due to de-identification of participants in the NHANES database, and all participants in NHANES have written and
signed the informed consent, consistent with and deemed by the National Center for Health Statistics Institutional
Review Board (NCHSIRB) (Protocol #98-12), the IRB of the study hospital waived both IRB review and informed
consent by the participants for the present study.

Study Subjects

Data of NHANES adult participants 20 to 79 years old with complete data of pre-bronchodilator spirometry were
included. Exclusion criteria were: 1) Participants whose data of self-reported physical activity were missing; 2)
participants whose data of smoking status were missing; 3) participants whose data of pre-bronchodilator spirometry
were missing; 4) participants with end-stage renal disease defined by an eGFR <15 mL/min per 1.73 m?; 5) participants
with a history of any malignancy; 6) participants with asthma diagnosed by physician.

Study Variables

Measurement of Airway Obstruction

In this study, airway obstruction was defined by both doctor-diagnosed chronic bronchitis or emphysema, or a FEV1/
FVC <70% or FEVI/FVC < the lower 5th percentile (ie, the lower limit of normal, LLN) measured by pre-broncho-
dilator spirometry. This approach to define airway obstruction was utilized and validated by previous NHANES studies.'*
With regard to physician-diagnosed chronic bronchitis or emphysema, participants were asked two questions on
emphysema or chronic bronchitis during the in-home interview: “Has a doctor ever told you that you have emphysema?”
or “Do you still have chronic bronchitis?”."

Demographic and Lifestyle Factors

Age, gender, race, education level (college or above; never attend college), and family income (not poor; poor) were
extracted from the NHANES data. Data of smoking status, physical activity level, and body mass index (BMI) were
collected by trained interviewers, as follows:

e Smokers were categorized as:
(i) Non-smokers: reported never having smoked 100 cigarettes during their lifetime.
(i1) Current smokers: had smoked > 100 cigarettes and with no intention to quit smoking at the time of the
interview.
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e Physical activity: To estimate physical activity level, we summed the product of weekly time spent in each leisure-
time activity reported by the participant multiplied by the metabolic equivalent of task (MET) value for that activity
yielding a MET-min/week index. One MET is the energy expenditure of 1 kcal/kg body weight per hour. A MET-
min/week >500 was regarded as physically active, whereas a MET-min/week <500 was regarded as physically
inactive.'®!”

e Body mass index (BMI): This value was calculated during participants’ physical examinations at the NHANES
MEC. According to the World Health Organization (WHO) criteria,'® BMI data were classified into four subgroups:
underweight, BMI<18.5 kg/m?, normal (BMI = 18.5~24.9 kg/m?), overweight (BMI = 25~29.9 kg/m?), and obese

(BMI > 30.0 kg/m?).

Comorbidities

Comorbidities were defined using interviewer-administered questionnaires of NHANES by the question “Have you ever
been told by a doctor or other health professional that you had ... ?” In the present study, we included diabetes,
hypertension sleep apnea, dyslipidemia, cardiovascular disease, and chronic kidney diseases.

Statistical Analysis

All analyses were performed by using SAS survey analysis procedures to generate nationally representative estimates
(SAS Institute Inc., Cary, NC, USA). Subject’s characteristics were expressed as unweighted count and weighted
percentage for categorical variables, and continuous variables were expressed as mean + standard error (SE).
Differences in means between groups were compared by using SURVEYREG procedure for continuous variables,
while Rao-Scott chi-square test was performed to examine the differences in the proportions between groups by using
SURVEYFREQ procedure for categorical variables. Univariate and multivariate logistic regression were performed to
examine the associations of study variables and the presence of airway obstruction. Variables with p-value < 0.05 in the
univariate analysis were considered as potential confounding factors and were entered in the multivariate models. We
used SURVEYLOGISTIC to estimate OR and 95% confidence interval (CI) in multivariate analysis. A two-tailed P value
< 0.05 was considered significant.

Results

Characteristics of Study Subjects

Figure 1 depicts the flow diagram of cohort selection. Among a total of 30,442 participants whose data were collected in
NHANES (2007-2012), 13,387 adults aged 20 to 79 years with complete data of pre-bronchodilator spirometry were
identified. After excluding participants with missing information on physical activity level (n=4994), smoking status
(n=3), eGFR (n=448), and an eGFR <15 mL/min per 1.73 m* (n=9), history of malignancy (n=522) and physician-
diagnosed asthma (n=966), the final cohort size was 6445.

Characteristic of the Study Population

Table 1 shows the characteristics of the study cohort. Using the NHANES sample weight formulae, this analytic sample
size was equivalent to a population size of 92,372,486 in the US. The included subjects were categorized into four groups
according to their physical activity level and smoking status. Among the 6445 subjects, 2819 (43.7%) were physically
active non-smokers, 957 (14.8%) were physically inactive non-smokers, 1952 (30.3%) were physically active smokers,
and 717 (11.1%) were physically inactive smokers. The prevalence of airflow obstruction for physically active non-
smokers, physically inactive non-smokers, physically active smokers, and physically inactive smokers were 5.7%, 7.1%,
17.7% and 18.6%, respectively, and there were statistically significant differences between the four groups (p<0.001).
Mean age of the subjects was 42.7 + 0.4 years old. In addition, there were significant differences in age, gender, race,
education level, BMI, and frequencies of all comorbidities between the four groups (all p<0.001), except for chronic
kidney disease (Table 1).
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2007-2012 NHANES
n=30,442

Age

* <20 years old: n=12,729

* >79 years old: n=1,227

Missing data on pre-bronchodilator

spirometry: n=3,099

Adult 20-79 years old
with complete data on pre-
bronchodilator spirometry

n=13,387

Exclusion missing information on:

*  physical activity (MET-min/week):
n=4,994

¢  smoking status: n=3

¢  eGFR:n=448

End stage renal disease: eGFR <15: n=9
History of malignancy: n=522
Asthma: n=966

Final study population:
n=6,445, N= 92,372,486

Figure | Flowchart.

Associations Between Airflow Obstruction and Study Variables

Univariate and multivariate logistic regressions were conducted to determine the associations between airway obstruc-
tions, physical activity and smoking status, and the other study variables. The results are shown in Table 2. In the
univariate analysis, physically active smokers (odds ratio [OR]=3.54, 95% CI=2.55-4.91) and physically inactive
smokers (OR=3.74, 95% CI=2.57-5.45) but not physically inactive non-smokers (OR=1.25, 95% CI=0.78, 1.99) had
significantly greater odds for having airflow obstruction as compared with physically active non-smokers. After
adjustment in the multivariate analysis, physically active smokers (aOR=2.71, 95% CI=1.94-3.80) and physically
inactive smokers (aOR=2.70, 95% CI=1.78-4.09) were still significantly more likely to have airway obstruction than
physically active non-smokers, whereas physically inactive non-smokers were not associated with an increased chance
for having airflow obstruction than physically active non-smoker (Table 2).

Associations Between Airflow Obstruction and Study Variables in Smokers

A subgroup analysis upon smokers was performed, and the results are summarized in Table 3. The odds for airway
obstruction among physically inactive smokers comparing with physically active ones was not significant in either
univariate or multivariate analysis (OR=1.06, 95% CI=0.79-1.41, aOR=0.96, 95% CI=0.70-1.31).

Associations Between Physical Activity, Smoking Status, and Airflow Obstruction
Stratified by Age, Sex and BMI

In stratified analyses, similarly, physically active smokers and physically inactive smokers had significantly greater OR
for airflow obstruction than that of physically active non-smokers regardless of age <60 or >60, male or female sex, and
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Table | Characteristics of Study Population 20-79 Years Old
Study Variables Total (n=6445, Physical Activity and Smoking Status P-value
N=92,372,486) . . K K
Physically Physically Physically Physically
Active Non- Inactive Non- Active Inactive
Smoker Smoker (n=957) Smoker Smoker
(n=2819) (n=1952) (n=717)
Airflow obstruction 678 (11.0) 159 (5.7) 59 (7.1) 328 (17.7) 132 (18.6) <0.001
Demography
Age 427 £ 04 40.6 £ 0.6 44.1 £ 0.6 439+ 0.6 455+ 0.7 <0.001
20-29 1422 (23.3) 775 (28.0) 170 (18.0) 369 (21.3) 108 (16.5) <0.001
30-39 1380 (21.6) 619 (22.1) 216 (23.5) 411 (20.7) 134 (19.6)
4049 1262 (22.2) 551 (22.7) 207 (24.3) 379 (20.7) 125 (21.9)
50-59 1041 (18.3) 407 (15.7) 146 (18.2) 350 (20.6) 138 (22.7)
6069 918 (10.5) 333 (8.6) 137 (10.5) 301 (12.3) 147 (13.5)
70-79 422 (4.1) 134 (3.0) 81 (5.5) 142 (4.4) 65 (5.7)
Sex <0.001
Male 3439 (53.0) 1414 (51.4) 332 (36.8) 1299 (62.4) 394 (53.2)
Female 3006 (47.0) 1405 (48.6) 625 (63.2) 653 (37.6) 323 (46.8)
Race <0.001
Non-Hispanic White 2720 (68.5) 1082 (65.7) 345 (63.0) 933 (72.3) 360 (76.2)
Non-Hispanic Black 1290 (9.9) 542 (9.7) 206 (11.9) 391 (9.3) 151 (9.7)
Hispanic including 1747 (13.9) 831 (15.4) 289 (15.9) 464 (11.8) 163 (10.9)
Mexican American
Others 688 (7.8) 364 (9.2) 117 (9.2) 164 (6.6) 43 (3.3)
Education level <0.001
Never attend college 4621 (64.0) 1808 (53.3) 670 (64.2) 1549 (74.2) 594 (78.8)
College graduate or 1820 (36.0) 1009 (46.7) 286 (35.8) 403 (25.8) 122 (21.2)
above
Missing 4 2 | 0 |
Family income 0.056
Poor (PIR<I) 1185 (13.0) 465 (12.4) 155 (10.4) 410 (14.5) 155 (14.1)
Not poor (PIRZ1) 4746 (87.0) 2116 (87.6) 709 (89.6) 1412 (85.5) 509 (85.9)
Missing 514 238 93 130 53
BMI (kg/m?) <0.001
Underweight (<18.5) 114 (1.8) 38 (1.6) 17 (1.8) 41 (2.1) 18 (1.8)
Normal (18.5~24.9) 2020 (33.1) 928 (34.8) 246 (25.6) 639 (34.4) 207 (31.9)
Overweight (25~29.9) 2260 (35.8) 993 (36.4) 306 (33.2) 722 (36.7) 239 (34.0)
Obese (230.0) 2051 (29.3) 860 (27.1) 388 (39.5) 550 (26.8) 253 (32.4)
Comorbidities
Diabetes 685 (6.8) 227 (5.2) 144 (10.0) 208 (6.8) 106 (9.8) <0.001
Hypertension 1877 (25.1) 704 (21.2) 307 (28.7) 604 (27.1) 262 (31.0) <0.001
Dyslipidemia 3330 (51.3) 1351 (47.7) 515 (51.9) 1029 (52.9) 435 (60.4) <0.001
Cardiovascular disease 288 (3.7) 85 (2.6) 25 (1.6) 128 (6.0) 50 (4.8) <0.001
Chronic kidney disease 282 (4.3) 103 (3.9) 51 (4.2) 88 (5.1) 40 (3.7) 0.374

Abbreviations: BMI, body mass index; PIR, poverty income ratio. Significant values are shown in bold.

with overweight/obese or not after adjustments. Physically inactive non-smoker had a significantly greater chance for

having airflow obstruction than physically active non-smoker only among subjects with a normal BMI, but not among
other subgroups (aOR=2.46, 95% CI=1.20-5.05) (Table 4).
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Table 2 Associations Between Airflow Obstruction and Study Variables

Variables Airflow Obstruction
Univariate Multivariate
OR (95% CI) p-value aOR (95% CI) p-value
Physical activity and smoking status
Physically active non-smoker Reference Reference
Physically inactive non-smoker 1.25 (0.78, 1.99) 0.345 1.15 (0.70, 1.88) 0.568
Physically active smoker 3.54 (2.55, 4.91) <0.001 2.71 (1.94, 3.80) <0.001
Physically inactive smoker 3.74 (2.57, 5.45) <0.001 2.70 (1.78, 4.09) <0.001
Demography
Age
20-29 Reference Reference
30-39 2.32 (1.42, 3.81) <0.001 2.62 (1.59, 4.33) <0.001
4049 4.25 (2.37, 7.63) <0.001 4.94 (2.72, 8.97) <0.001
50-59 9.52 (5.87, 15.44) <0.001 10.61 (6.63, 16.97) <0.001
6069 12.35 (7.36, 20.73) <0.001 14.36 (8.57, 24.06) <0.001
70-79 17.21 (10.03, 29.55) <0.001 19.43 (11.78, 32.05) <0.001
Sex
Female Reference Reference
Male 1.65 (1.32, 2.07) <0.001 1.88 (1.45, 2.45) <0.001
Race
Non-Hispanic White Reference Reference
Non-Hispanic Black 0.61 (0.46, 0.81) <0.001 0.64 (0.47, 0.89) 0.007
Hispanic including Mexican American 0.25 (0.19, 0.34) <0.001 0.33 (0.24, 0.45) <0.001
Others 0.63 (0.42, 0.95) 0.023 0.70 (0.43, 1.13) 0.137
Education level
College Graduate or above Reference Reference
Never attend college 1.35 (1.07, 1.70) 0.008 1.43 (1.13, 1.82) 0.002
Family income
Poor (PIR<I) Reference
Not poor (PIR21) 1.43 (0.99, 2.08) 0.051
BMI (kg/m?)
Underweight (<18.5) 1.86 (1.00, 3.44) 0.044 2.06 (1.08, 3.93) 0.025
Normal (18.5~24.9) Reference Reference
Overweight (25~29.9) 0.90 (0.68, 1.18) 0.420 0.65 (0.48, 0.88) 0.004
Obese (230.0) 0.74 (0.56, 0.98) 0.031 0.54 (0.37, 0.79) <0.001
Comorbidities
Diabetes 1.46 (1.08, 1.98) 0.012 0.95 (0.68, 1.33) 0.759
Hypertension 1.97 (1.62, 2.41) <0.001 1.03 (0.81, 1.32) 0.787
Dyslipidemia 1.67 (1.28, 2.18) <0.001 0.89 (0.66, 1.21) 0.457
Cardiovascular disease 2.62 (1.79, 3.84) <0.001 0.96 (0.59, 1.54) 0.849
Chronic kidney disease 2.05 (1.43, 2.96) <0.001 0.99 (0.70, 1.41) 0.970

Note: Significant values are shown in bold.

Abbreviations: aOR, adjusted odds ratios; BMI, body mass index; Cl, confidence interval; OR, odds ratio; PIR, poverty income ratio.

Discussion

The present cross-sectional study queried the interaction between physical activity level and smoking status in associa-
tion with prevalent airflow obstruction or self-reported COPD. The results suggested that smokers, regardless physically
active or not, were about three times more likely to be airflow obstructed than non-smokers with high physical activity.
The association remained similar among subjects <60 or >60 years, male or female sex, and subjects of normal weight or
overweight/obesity. Within smokers, particularly, low physical activity did not pose a greater chance for being airflow

obstructed as compared with high physical activity.
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Table 3 Associations Between Study Variables in Smokers

Variable Airflow Obstruction
Univariate Multivariate
OR (95% CI) p-value aOR (95% CI) p-value
Physical activity
Physically active Reference Reference
Physically inactive 1.06 (0.79, 1.41) 0.703 0.96 (0.70, 1.31) 0.804
Demography
Age
20-29 Reference Reference
30-39 1.79 (0.84, 3.78) 0.119 2.13 (1.02, 4.45) 0.039
4049 3.88 (1.79, 8.40) <0.001 4.99 (2.27, 11.00) <0.001
50-59 8.57 (4.50, 16.31) <0.001 11.43 (6.08, 21.48) <0.001
60-69 11.24 (5.89, 21.48) <0.001 16.59 (8.67, 31.75) <0.001
70-79 13.71 (6.26, 30.01) <0.001 18.31 (8.97, 37.39) <0.001
Sex
Female Reference Reference
Male 1.41 (1.02, 1.96) 0.035 1.90 (1.30, 2.78) <0.001
Race
Non-Hispanic White Reference Reference
Non-Hispanic Black 0.60 (0.43, 0.86) 0.004 0.50 (0.33, 0.74) <0.001
Hispanic including Mexican American 0.22 (0.15, 0.32) <0.001 0.24 (0.16, 0.35) <0.001
Others 0.74 (0.42, 1.28) 0.270 0.55 (0.29, 1.02) 0.050
Education level
College graduate or above Reference Reference
Never attend college 1.26 (0.90, 1.76) 0.162 1.81 (1.24, 2.63) 0.001
Family income
Poor (PIR<I) Reference
Not poor (PIR21) 1.41 (0.93, 2.12) 0.095
BMI (kg/m?)
Underweight (<18.5) 2.14 (1.08, 4.22) 0.025 2.53 (1.15, 5.57) 0.018
Normal (18.5~24.9) Reference Reference
Overweight (25~29.9) 0.77 (0.59, 1.01) 0.052 0.57 (0.40, 0.82) 0.002
Obese (230.0) 0.70 (0.47, 1.05) 0.075 0.47 (0.29, 0.77) 0.002
Comorbidities
Diabetes 1.68 (1.12, 2.53) 0.011 1.30 (0.86, 1.98) 0.198
Hypertension 1.79 (1.37, 2.33) <0.001 0.99 (0.71, 1.37) 0.944
Dyslipidemia 1.57 (1.14, 2.15) 0.004 0.91 (0.62, 1.33) 0.615
Cardiovascular disease 2.08 (1.38, 3.14) <0.001 0.92 (0.56, 1.50) 0.722
Chronic kidney disease 1.47 (0.80, 2.70) 0.205 0.78 (0.42, 1.43) 0.403

Previous studies had revealed that physical activity is associated with reduced pulmonary function decline and COPD
risk and may achieve the ultimate goal of pulmonary rehabilitation of smokers.'” ' In addition, extreme inactivity
aggravated lung inflammation and emphysema among smokers.”> From these findings, it is speculated that higher
physical activity might attenuate the risk for lung functional decline or COPD development that posed by smoking.

However, there were concerns that the protective effect of high physical activity on lung function levels among active
smokers suggested in previous longitudinal studies is due to a reverse causation.”'*> A previous study suggested a bi-
directional causation and support a true protective effect of physical activity on lung function in smokers, after
accounting for reverse causation and time-dependent confounding.**

In addition, a prior prospective study that included 2966 initially healthy participants from English Longitudinal
Study of Ageing reported that remaining physically active or becoming active in older age is beneficial in lung function
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Table 4 Associations Between Physical Activity and Smoking Status and Airflow Obstruction Stratified by Age, Sex, and BMI

Subgroup Physical Activity and Smoking Status Airflow Obstruction
Univariate Multivariate
OR (95% CI) p-value aOR (95% CI) p-value
Age
<60 Physically active non-smoker Reference Reference
Physically inactive non-smoker 1.10 (0.64, 1.91) 0.715 1.19 (0.66, 2.13) 0.552
Physically active smoker 3.38 (2.28, 5.00) <0.001 2.85 (1.92, 4.22) <0.001
Physically inactive smoker 3.40 (2.22, 5.21) <0.001 2.79 (1.77, 4.41) <0.001
260 Physically active non-smoker Reference Reference
Physically inactive non-smoker 1.29 (0.67, 2.46) 0.436 1.41 (0.72, 2.73) 0.301
Physically active smoker 3.41 (1.97,5.91) <0.001 3.06 (1.77, 5.28) <0.001
Physically inactive smoker 3.58 (1.86, 6.90) <0.001 3.56 (1.84, 6.88) <0.001
Sex
Male Physically active non-smoker Reference Reference
Physically inactive non-smoker 1.65 (0.95, 2.85) 0.067 1.28 (0.71, 2.30) 0.395
Physically active smoker 3.39 (2.35, 4.90) <0.001 2.65 (1.84, 3.83) <0.001
Physically inactive smoker 4.00 (2.63, 6.08) <0.001 2.60 (1.70, 3.98) <0.001
Female Physically active non-smoker Reference Reference
Physically inactive non-smoker 1.06 (0.57, 1.94) 0.860 1.00 (0.49, 2.03) 0.993
Physically active smoker 3.51 (2.08, 5.95) <0.001 2.73 (1.60, 4.66) <0.001
Physically inactive smoker 3.38 (1.70, 6.71) <0.001 2.75 (1.35, 5.60) 0.004
BMI (kg/m?)
Normal weight Physically active non-smoker Reference Reference
Physically inactive non-smoker 2.62 (1.31, 5.23) 0.005 2.46 (1.20, 5.05) 0.012
Physically active smoker 5.52 (3.75, 8.12) <0.001 3.70 (2.48, 5.53) <0.001
Physically inactive smoker 4.79 (2.53, 9.06) <0.001 2.99 (1.47, 6.10) 0.002
Overweight and Obese | Physically active non-smoker Reference Reference
Physically inactive non-smoker 0.84 (0.48, 1.47) 0.536 0.75 (0.42, 1.36) 0.338
Physically active smoker 2.71 (1.73, 4.25) <0.001 2.22 (1.40, 3.53) <0.001
Physically inactive smoker 3.09 (1.89, 5.06) <0.001 2.35 (1.39, 3.97) 0.001

Note: Significant values are shown in bold.
Abbreviations: aOR, adjusted odds ratios; BMI, body mass index; Cl, confidence interval; OR, odds ratio.

and is associated with reduced odds of abnormal lung function.”® Another large-scale study using data from the Canadian
Longitudinal Study on Aging suggested concluded that replacing sitting time with physical activity leads to improve-
ments in lung function among adults with an obstructive lung disease, as well as among those without a respiratory
disease”®. Taking together, these studies have indicated a protective effect of higher physical activity on lung function
both in healthy subjects and subjects with COPD, smokers and non-smokers.

In contrast, in the present cross-sectional study, we found that the chance for having airflow obstruction among
smokers was similar between low or high physical activity, doubting the protective effect reported in the medical
literature. In the stratified analyses, we have compared different physical activity level in combinations with different
smoking status on the odds for airflow obstruction. Furthermore, in non-smokers, no significant different chance for
airflow obstruction was observed when comparing low to high physical activity among different age or sex. However, in
non-smokers, subjects with physically activity levels did have significant different chance for airflow obstruction in those
of normal BMI. Future longitudinal studies are warranted to confirm this interesting finding.

Nevertheless, the present study has several limitations. Firstly, the analysis was of cross-sectional design, thus causal
inferences cannot be made. Secondly, although spirometry data were utilized, part of the cases were identified upon
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individual’s answers to the questionnaires, which inaccurate reporting or recall bias might exist. Information of pack-year
of cigarette smoking was not identified and analyzed. Physical activity level (MET index) was calculated from the
subjective response to the questionnaires on leisure time activity, not measured by accelerometry, which also might
contain information bias. Lastly, there might have been unknown sociodemographic confounders not included in the
NHANES dataset.

Conclusion

Smokers, regardless of their physical activity level, are more likely to have airflow obstruction than physically active
non-smokers. Within smokers, being physically inactive poses no excess chance to be airflow obstructed. The findings
indicate that physical activity level seem not altering the relationship between smoking and airflow obstruction in most

cases.
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