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Background: Recent studies have suggested that low forced vital capacity (FVC) is related to respiratory
symptoms with various comorbid conditions that eventually lead to physical inactivity and may be applied to
subjects with airflow obstruction (AO). Therefore, this study aimed to evaluate the association between low
FVC and behavior restrictions in subjects with AO.

Methods: A cross-sectional study was performed using data from the Korea National Health and Nutrition
Survey conducted between 2007 and 2015. Participants aged 40 to 79 years with spirometry-defined AO
(pre-bronchodilator forced expiratory volume in one second/FVC <70%) were analyzed to evaluate the
association between low FVC (defined as FVC <80% predicted) and behavior restrictions.

Results: A total of 3,345 participants with AO were included. The proportion of subjects with low FVC
varied widely according to severity of airflow limitation (0.9%, 35.5%, and 85.1% in the mild, moderate,
and severe-to-very-severe AO groups, respectively). Compared to the moderate AO group with normal
FVC, those with low FVC were more likely to be older, to be never- or ex-smokers, to have larger waist size
with higher body mass index, and to have comorbidities such as diabetes, hypertension, dyslipidemia, and
osteoporosis. Low FVC was independently associated with behavior restrictions [adjusted prevalence ratio
(aPR), 1.72; 95% confidence interval (CI), 1.43-2.06] among all participants with AO, and this was most
prominent in those with moderate AO (aPR, 1.65; 95% CI, 1.27-2.13).

Conclusions: In subjects with moderate AO, low FVC was independently associated with behavior

restrictions even after adjusting for confounding factors.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
chronic lung disease characterized by persistent respiratory
symptoms and airflow limitation (1). Exertional dyspnea is
the most common symptom of COPD and often restricts
the performance of physical activities of daily life, leading
to disability and reduced health-related quality of life (2-4).
Indeed, physical activity levels are substantially lower in
stable COPD patients than in healthy subjects (5,6), and
reduced physical activity puts COPD patients at greater risk
of hospitalization (7-12) and mortality (8,11-13). The degree
of physical activity restrictions is associated with severity of
COPD (5,14) but reduced physical activity is also observed
in COPD patients with early-stages of the disease (15)
and leads to further decline of lung function (16).

A recent study evaluating COPD patients revealed that
the population with a restrictive pattern, defined as a normal
forced expiratory volume in one second (FEV,)/forced
vital capacity (FVC) ratio and low FVC, had respiratory
symptoms and reduced exercise performance, established
by a six-minute walking test, at a level similar to moderate
COPD patients (17). Accumulating findings indicate that
low FVC is significantly associated with various comorbid
conditions, including aging, cardiovascular diseases,
metabolic syndrome, and obesity (18-20), which may further
affect physical inactivity. However, to our knowledge, no
studies have yet evaluated the impact of coexisting low FVC
on physical activity in a population with airflow obstruction
(AO), particularly within a similar degree of AO. Thus, this
study aimed to evaluate the distribution of low FVC and
the association between low FVC and behavior restrictions
in subjects with AO who participated in the Korea National
Health and Nutritional Examination Survey (NHANES),
particularly based on the severity of AO.

Methods
Study population
The Korea NHANES is a cross-sectional, national

representative survey of the non-institutionalized South
Korean population conducted periodically by the Korean
Ministry of Health and Welfare using a stratified, multistage
clustered probability sampling design. Stratification
is conducted based on the 13 areas of Korea (seven
metropolitan cities and six provinces; administrative unit
(e.g., dong, eup, and, myeon which are Korean units); and
housing type e.g., apartment or other types of housings).
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Sampling units were defined on the basis of household
registries, including geographic area, sex, and age
group (21). All members of each selected household were
asked to participate in the survey, and the participation rate
between 2007 and 2015 ranged from 71.2% to 82.8%. The
Korea NHANES includes a health interview, a nutritional
survey, and a health exam including a pulmonary exam, all
conducted by trained investigators in a specially equipped
mobile examination center. For this study, we used data
from the Korea NHANES 1V [2007-2009], the Korea
NHANES V [2010-2012], and the Korea NHANES VI
[2013-2015] pertaining to participants aged 40 to 79 years
who had undergone a pulmonary function test and a
blood test. Spirometry was performed according to the
recommendations of the American Thoracic Society/
European Respiratory Society (22). Absolute values of FEV,
and FVC were obtained, and the percentage predicted of
values (% predicted) for FEV, and FVC were calculated
from equations obtained in a representative Korean
sample (23). The study sample consisted of 2,437 men and
908 women (total 3,345 participants). The Korea NHANES
was reviewed and approved by the Institutional Review
Board of the Korea Centers for Disease Control and
Prevention, and all participants provided written informed
consent. Detailed methods of the Korea NHANES,
including survey representativeness and response rate, are
available elsewhere (21).

Spirometry-defined AO was defined as pre-bronchodilator
FEV,/FVC <70% (24). Low FVC was defined as FVC <80%
predicted. Severity of AO was classified as mild (FEV, >80%
predicted), moderate (50%< FEV, <80% predicted), or
severe-to-very severe (FEV, <50% predicted) (1).

Existence of behavior restrictions was ascertained through
the Korea NHANES question, “Are you limited in anyway in
any activity because of any impairment or health problem?”.
Diabetes mellitus (DM) was defined as use of glucose-
lowering medications, a blood glucose level 2126 mg/dL,
a hemoglobin Alc level >6.5%, or a self-reported physician
diagnosis. Hypertension was defined as the use of
antihypertensive medication or a systolic blood pressure
>140 mmHg, or a diastolic blood pressure >90 mmHg, or a
self-reported physician diagnosis. Dyslipidemia was defined as
use of lipid-lowering medications, a high-density lipoprotein-
cholesterol level <40 mg/dL in men or <50 mg/dL
in women, a triglyceride level >150 mg/dL, or a self-
reported physician diagnosis. Stroke, myocardial infarction
or angina, asthma, and osteoporosis were defined as self-
reported physician diagnoses (25).
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Table 1 Baseline characteristics of participants with AO according to severity* of AO (Korea NHANES 2007-2015)

Characteristics Overall Mild AO Moderate AO Severe-to-very P value
(n=3,345) (n=1,545) (n=1,639) severe AO (n=161)
Age, years 63.6 (0.2) 64.6 (0.3) 62.6 (0.3) 63.7 (0.9) <0.001
Male gender 73.8 (0.9) 74.4 (1.3) 73.0 (1.3) 76.7 (3.8) 0.580
Smoking status 0.017
Current smoker 41.6 (1.0) 39.0 (1.5) 43.4 (1.4) 48.4 (4.8)
Ex-smoker 27.9 (0.9 31.1(1.4) 25.1 (1.3) 25.7 (4.2)
Never-smoker 30.5(1.0) 30.0 (1.4) 31.5(1.4) 25.9 (4.2)
BMI, kg/m’ 23.7 (0.1) 23.6 (0.1) 23.8 (0.1) 22.8 (0.4) 0.023
Pulmonary function
FEV,/FVC ratio 0.6 (0.0) 0.7 (0.0 0.6 (0.0 0.5 (0.0) <0.001
FEV,, L 2.3 (0.0) 2.7 (0.0) 2.1 (0.0) 1.2 (0.0 <0.001
FEV,, %predicted 77.8 (0.3) 90.6 (0.3) 69.2 (0.2) 41.9 (0.6) <0.001
FVC, L 3.6 (0.0) 4.0 (0.0) 3.3(0.0) 2.6 (0.1) <0.001
FVC, %predicted 90.5 (0.3) 100.4 (0.3) 83.3(0.3) 67.1(1.1) <0.001
Comorbidities
DM 20.3(0.9) 19.3(1.2) 20.9 (1.2) 24.2 (4.5) 0.409
Hypertension 48.8 (1.0) 47.8 (1.5) 49.8 (1.5) 48.4 (4.7) 0.643
Dyslipidemia 59.5 (1.1) 58.7 (1.6) 61.5 (1.5) 45.9 (4.7) 0.005
Stroke 2.5(0.3) 2.1(0.4) 2.6 (0.4) 4.5(1.5) 0.140
Ml or angina 3.7 (0.4) 3.5(0.5) 3.9 (0.6) 4.1 (2.1) 0.883
Asthma 9.1 (0.6) 4.9 (0.7) 10.4 (0.9) 36.7 (4.6) <0.001
Osteoporosis 3.3(0.4) 2.4 (0.4) 4.3 (0.6) 22(1.1) 0.014

The values in Table 1 are weighted mean (SE) or weighted % (SE). *, participants were categorized as having mild (FEV, =80% predicted),
moderate (50%< FEV, <80% predicted), or severe-to-very severe (FEV,; <50% predicted) AO based on the Global Initiative for Chronic
Obstructive Lung Disease guidelines. AO, airflow obstruction; NHANES, National Health and Nutritional Examination Survey; FEV,, forced
expiratory volume in one second; FVC, forced vital capacity; BMI, body mass index; DM, diabetes mellitus; Ml, myocardial infarction; SE,

standard error.

Statistical analysis

Statistical analysis used the survey commands of Stata
(release 14.1; StataCorp LP, College Station, TX, USA)
to account for survey weights and the complex sampling
design. We calculated the prevalence rate and standard
error (SE) to compare the characteristics of subjects with
AO and low FVC to those with normal FVC. We used
Poisson regression to estimate adjusted prevalence ratio
(aPR) and 95% confidence interval (CI) after adjusting for
age, sex, smoking status, body mass index (BMI; kg/m’), and
number of comorbidities. Two-sided P values of 0.05 were
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Results
Study population

The baseline characteristics of the subjects with AO in this
study are summarized in 7able 1. Of the study population,
1,545 (46.4%), 1,639 (48.7%), and 161 (4.9%) subjects had
mild, moderate, and severe airflow limitations, respectively.
In comparison to the subjects with mild or moderate AO,
those with severe-to-very severe AO were more likely to
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Figure 1 Prevalence of subjects with low FVC in mild, moderate, and severe-to-very severe AO groups. Low FVC was defined as FVC

<80% predicted. FVC, forced vital capacity; FEV,, forced expiratory volume in one second; AO, airflow obstruction.

be current smokers (P=0.017), to have lower BMI values
(P=0.023), and to have bronchial asthma (P<0.001). The
prevalence of osteoporosis was lowest in subjects with mild

AO and highest in subjects with severe AO (P=0.014).

Prevalence and clinical characteristics of subjects with low
FVC according to severity of AO

As shown in Figure 1, the weighted prevalence of subjects
with low FVC was 0.9% (n=12), 35.5% (n=591), and 85.1%
(n=131) in the mild, moderate, and severe-to-very severe
AO groups, respectively.

The clinical characteristics of subjects with low FVC
versus those with normal FVC, organized by the severity
of AO, are summarized in 7able 2. Among subjects with
mild AO, those with low FVC were more likely to be older
(P<0.001), to have a larger waist circumference (P<0.001),
and to have a higher BMI (P=0.005) compared to those
with normal FVC. Except for DM (P=0.029) and stroke
(P=0.007), which were more prevalent in subjects with low
FVC, there were no significant differences in prevalence
of comorbidities between subjects with low FVC and
those with normal FVC. Regarding laboratory findings,
serum creatinine level was higher in subjects with low FVC
compared to those with normal FVC (P=0.001), while there
were no significant differences in white blood cell counts
and hemoglobin levels between the two groups.
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Among subjects with moderate AO, those with low FVC
were more likely to be older (P<0.001) and, to be never-/
ex-smokers (P=0.009), to have a larger waist circumference
(P<0.001), and to have a higher BMI (P<0.001) compared
to those with normal FVC. Regarding comorbidities, DM
(P=0.010), hypertension (P<0.001), dyslipidemia (P=0.018),
and osteoporosis (P<0.001) were more frequent among
subjects with low FVC versus those with normal FVC. In
addition, while hemoglobin level was lower in subjects with
low FVC compared to those with normal FVC (P=0.001),
serum creatinine was higher in subjects with low FVC
compared to those with normal FVC (P<0.001).

In subjects with severe-to-very severe AO, whereas there
were no significant differences in terms of age and smoking
history, those with low FVC were more likely to have a
larger waist circumference (P<0.001) and a higher BMI
(P<0.001) than those with normal FVC. With respect to
comorbidities, the presence of dyslipidemia (P=0.001) was
more frequent among subjects with low FVC compared to
those with normal FVC.

Association between presence of low FVC and bebavior
restrictions according to severity of AO

As shown in Tuble 3, the presence of low FVC was
associated with behavior restrictions among all subjects
with AQ, in both crude (PR, 1.87; 95% CI, 1.55-2.25) and

F Thorac Dis 2019;11(4):1316-1324
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Table 3 The impact of low FVC' on behavior restrictions among participants with AO according to severity* of AO (Korea NHANES 2007-2015)

Overall Mild AO Moderate AO Severe-to-very severe AO
Model  NormalFVC ~ LowFVC ~ NormalFVC  Low FVC Normal FVC ~ Low FVC Normal FVC  Low FVC
(n=2,611) (n=734) (n=1,533) (n=12) (n=1,048) (n=591) (n=30) (n=131)
Model 1 Reference 1.87 (1.55,2.25) Reference 1.69 (0.63,4.52) Reference 1.86 (1.45,2.39) Reference 1.23(0.61, 2.46)
Model 2  Reference 1.74 (1.45,2.09) Reference 1.05(0.34,3.31) Reference 1.66 (1.28,2.14) Reference 1.29 (0.64, 2.61)
Model 3  Reference 1.72(1.43,2.06) Reference 1.19(0.40,3.59) Reference 1.65(1.27,2.13) Reference 1.56 (0.72, 3.37)
Model 4  Reference 1.49(1.18,1.90) Reference 1.33(0.44,4.04) Reference 1.41(1.06,1.87) Reference 1.44 (0.66.3.14)

The values in Table 3 are prevalence ratios and 95% confidence intervals. Model 1, crude model; Model 2, adjusting for age, sex, and
smoking status; Model 3, further adjusting for BMI (kg/m? and number of comorbidities (one or less vs. two or more); and Model 4,
further adjusting for FEV,, % predicted. ', participants were categorized as normal (FVC =80% predicted) or low (FVC <80% predicted); *,
participants were categorized as having mild (FEV, >80% predicted), moderate (50%=< FEV; <80% predicted), or severe-to-very severe (FEV,
<50% predicted) AO based on the Global Initiative for Chronic Obstructive Lung Disease guidelines. AO, airflow obstruction; NHANES,
National Health and Nutritional Examination Survey; FVC, forced expiratory vital capacity; FEV,, forced expiratory volume in one second.

adjusted models (aPR, 1.72; 95% CI, 1.43-2.06). When the
subjects were stratified according to AO severity, there was
no significant association between presence of low FVC and
behavior restrictions among subjects with mild or severe-
to-very-severe AO. In contrast, low FVC in the moderate
AQO group was independently associated with behavior
restrictions (PR, 1.86; 95% CI, 1.45-2.39), which persisted
even after adjusting for age, sex, smoking status, BMI, and
number of comorbidities (aPR, 1.65; 95% CI, 1.27-2.13).
Further adjustment for FEV, % predicted did not alter this
association (aPR, 1.41; 95% CI, 1.06-1.87).

Discussion

In this study, prevalence of low FVC in subjects with
AO increased with severity of AO, showing a significant
correlation between FEV, and FVC. While less than 1%
of patients in the mild AO group had low FVC, more than
80% of those in the severe-to-very severe AO group had
low FVC, indicating a limitation of low FVC as a biomarker
in these populations. However, in the moderate AO
group, about one-third of individuals had low FVC while
two-thirds had normal FVC. The clinical characteristics
were also substantially different according to presence or
absence of low FVC in the moderate AO group; subjects
with low FVC were more likely to be older and never-/
ex-smokers, to have a larger waist circumference and a
higher BMI, and to demonstrate comorbidities such as DM,
hypertension, dyslipidemia, and osteoporosis compared to
those with normal FVC. Most importantly, low FVC was
an independent factor associated with behavior restriction
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in subjects with moderate AO, whereas there was no
significant association between low FVC and behavior
restrictions in either the mild or severe AO group.

There are several explanations for the association of
low FVC with behavior restrictions in subjects with AO.
First, low FVC might represent a distinctive metabolic
phenotype characterized by a large waist circumference and
the presence of DM and dyslipidemia, which was inversely
associated with physical activity (26). Previous studies
have shown that the prevalence of metabolic syndrome is
significantly increased as FVC is decreased, with abdominal
obesity playing a critical role (20,27). Another potential
explanation is the association between low FVC and lung
hyperinflation. Previous research suggests that physical
activity and symptoms in COPD subjects are more closely
associated with lung hyperinflation than with FEV, (28-30).
In these studies, not only dynamic hyperinflation, but
also static hyperinflation were consistently shown to be
related to poor quality of life, reduced exercise capacity,
and increased mortality (29-31). In some subjects with
obstructive lung disease, low FVC can be exhibited
despite increased lung volume with hyperinflation due to
premature peripheral airway closure during expiration (32).
For example, a study exploring the relationship between
lung hyperinflation and COPD outcomes showed that a
considerable proportion of subjects with hyperinflation
(defined as residual volume/total lung capacity >40%) had
reduced FVC, while most subjects without hyperinflation
had normal FVC. These findings jointly suggest that low
FVC associated with hyperinflation might result in reduced
physical activity in subjects with AO (28-31,33). However,
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since the current study did not measure lung volumes,
further investigations are needed to confirm our hypothesis.
Taken together, the presence of low FVC reflecting these
complicated morbidities might be an indicator of reduced
physical activity even among subjects with AO.

When the association between low FVC and behavior
restriction was analyzed in subgroups according to AO
severity, there was no significant association between
low FVC and behavior restrictions in mild and severe
AO groups. The effect of low FVC might have been
compensated for by the relatively preserved lung function
in subjects with mild AO. Likewise, the additional impact
of low FVC might not be critical in subjects with severe-
to-very-severe AQ, since these patients are already severely
affected by their very low FEV,. In addition, given that
the positive association was observed in the entire study
population and the number of subjects with low FVC (n=12)
in the mild AO group and those with normal FVC (n=30)
in the severe AO group were small, this phenomenon might
simply be due to the lack of statistical power.

Physical inactivity is an independent predictor of
poor outcomes in COPD patients; it is associated with
exacerbation-related hospitalization (7-12) and mortality
(11-13). In addition, persistent physical inactivity over time
is related to rapid progression of exercise intolerance and
muscle depletion (4). However, since physical inactivity
might be correctable with physical rehabilitation, patient
education, and psychosocial support (34), it is important
to identify COPD subjects with decreased physical
activity. Despite its importance, physical inactivity may be
underappreciated by clinicians, probably due to the lack of
a simple method to elucidate patients’ activity levels (34).
Although physical activity can be assessed by observing
the patient directly, evaluating energy expenditure during
movement, administering physical activity questionnaires,
and reviewing a patient’s activity diary, these methods are
usually time-consuming and impractical in daily routine
practice (35), necessitating a useful biomarker for predicting
behavior restrictions in the population with AO. In this
view, our study provided informative data that low FVC
is independently associated with behavior restrictions in
subjects with AQO, especially those with moderate AO.

Our study has several limitations that need to be
considered when interpreting our results. First, the cross-
sectional design of this study limits the assessment of
the causal relationship between low FVC and behavior
restrictions. Therefore, the causal inference must be
evaluated in subsequent studies. Second, we used a
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nationwide representative sample of Koreans, which might
not be generalizable to subjects in different countries
or of other ethnicities. Third, behavior restriction
was determined by asking a single question to survey
participants. Subjects with underlying AO might not report
any behavior restriction if they have already adopted to
an inactive life style. Thus, this dichotomized question
might have underestimated behavior restriction decreased
our ability to detect the degree of behavior restriction.
Further studies with more objective measurement of
behavior restriction are needed to investigate the impact
of low FVC on behavior restrictions. Finally, although we
exclusively included subjects with AO, mixed restrictive
ventilatory impairment might have contributed to low FVC.
Differentiating various conditions, such as interstitial lung
disease, disease of pleura, or neuromuscular disease, usually
requires measurement of diffusing capacity, lung volume by
plethysmography, and chest imaging. Since these tests were
not performed in the Korea NHANES, we could not assess
the presence of restrictive ventilatory impairment in our
study.

In conclusion, presence of low FVC may represent a
clinically distinctive phenotype among the population with
AOQ, characterized by old age, lighter smoking history,
obesity, and metabolic comorbidities. In addition, low FVC
was independently associated with behavior restrictions
even after adjusting for confounding factors, which suggests
its potential role as a biomarker reflecting physical inactivity
in subjects with AO, especially in those with moderate AO.
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