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Abstract

Background: Early detection and prevention of cardiometabolic risk factors in an increasingly aging society are a
global public health concern. Maintaining adequate lung function is important for healthy aging. Few studies exist
on lung function impairment and decline in primary healthcare settings, especially among rural adults with
cardiometabolic risks. This study aimed to explore the prevalence of impaired lung function and its association with
cardiometabolic risks among rural adults.

Methods: A community-based, cross-sectional study was conducted between March and December 2019 in
western coastal Yunlin County, Taiwan. The lung function test was measured by spirometry, based on the American
Thoracic Society recommendations. Three lung function parameters were obstructive lung impairment, restrictive
lung impairment, and mixed lung impairment. Restrictive, obstructive, and mixed type lung function was
categorized as impaired. Cardiometabolic risk factors and metabolic syndrome were based on the national standard
and include five abnormal biomarkers, including abdominal obesity, blood pressure, fasting plasma glucose,
triglycerides, and decreased high-density cholesterol levels.

Results: The median age of the 1653 (92.9%) participants with complete data was 66 years (interquartile range: 55
to 75 years). The prevalence of impaired lung function was 37%, including 31.7% restrictive, 2.5% obstructive, and
2.7% mixed type. Adults with impaired lung function (86% restrictive type) engaged more in smoking and betel nut
chewing, ate fewer vegetables and fruit, and drank less water compared to the normal lung function group. After
adjusting for potential confounding variables, multivariate logistic regression analysis showed that cardiometabolic
risk factors were independently associated with restrictive lung impairment, while cigarette smoking (OR = 2.27, 95%
CI = 1.14–4.53) and betel nut chewing (OR = 2.33, 95% CI = 1.09–5.01) were significantly associated with the
obstructive type of lung impairment.
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Conclusions: A high prevalence of restrictive lung impairment, cardiometabolic risks, and unhealthy lifestyles
among rural adults were found in this study. For adults with cardiometabolic risks in rural areas, initiating lifestyle
modifications with culture-tailored programs to improve lung function should be an important issue for clinicians
and primary healthcare providers.
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Background
With the increase in the aging population, older individ-
uals are more likely to develop chronic conditions, such
as cardiovascular diseases, stroke, diabetes mellitus, and
chronic obstructive pulmonary disease [1, 2]. This
phenomenon not only causes fiscal burden but also af-
fects the sustenance of the Taiwan National Health In-
surance. To address this trend, the Taiwanese
government launched a new care paradigm, Long-term
Care 2.0, for preventing and delaying disability by pro-
moting healthy aging through exercise, providing good
nutrition, and encouraging social participation in the
community activity centers [3]. As the burden of cardio-
vascular disease and diabetes mellitus remains tremen-
dous, risk factors leading to these diseases were
intensively studied in the past decades. The term “car-
diometabolic risk” was first employed by the American
Diabetes Association as an umbrella term to include all
the risk factors for diabetes and cardiovascular diseases
[4–7]. Cardiometabolic risk factors refer to the com-
bined factors contributing to cardiovascular events and
the interrelated pathophysiology of metabolic disorders.
Several cardiometabolic risk factors were proposed, in-
cluding age, sex, hypertension, dyslipidemia, hypergly-
cemia, abdominal obesity (measured by the waist
circumference), insulin resistance, inflammation,
cigarette smoking, betel nut chewing, alcohol drinking,
lack of fruits/vegetable consumption, and sedentary life-
style [4–7]. These factors are associated with vascular
events or type 2 diabetes [8]. The pathophysiology of ab-
dominal fat and insulin resistance contributes signifi-
cantly to increased cardiometabolic risk [4, 9].
Metabolic syndrome (MetS) is defined as a constella-

tion of at least three out of five cardiometabolic risk fac-
tors, including abdominal obesity, elevated blood
pressure, fasting plasma glucose, triglycerides (TG), and
decreased high-density cholesterol (HDL-C) levels [1, 9].
Besides smoking, these factors are recognized indicators
to predict cardiovascular events, including coronary
heart disease, heart failure, stroke, and hypertension [10]
or metabolic disorders (such as diabetes mellitus or dys-
lipidemia). The five leading modifiable risk factors
(hypercholesterolemia, diabetes, hypertension, obesity,
and smoking) are reported to be responsible for more
than half of cardiovascular mortality [11]. Further, the
International Diabetes Federation revealed that, besides

smoking, MetS is a cluster of the most high-risk factors
for cardiovascular accidents [9]. A systematic review re-
ported that the prevalence of MetS is increasing among
adults in the Asia-pacific region [12]. Recently, some
studies indicated that diabetes and poor glycemic control
is associated with lung function impairment, especially
of the restrictive type [13–15]. Besides, low pulmonary
function is related to a high risk of low muscle mass and
sarcopenia in healthy community-dwelling older adults
[16]. Some studies indicated the benefits of physical ac-
tivity and a healthy diet for adults with cardiometabolic
diseases, and active adults have better lung function and
slower age-related decline [17, 18].
At rest, humans take 12–15 breaths per minute, each

breath contains a maximum of 500 mL of air, and the
lung inspires and expires around 6–8 L of air per minute
[19]. The maximal lung function capacity occurs around
age 20 years in females and 25 years in males. This starts
declining after 35 years of age due to the loss of lung
elasticity, weakened muscles of respiration, and de-
creased surface area for alveolar gas exchange [19–22].
The lung function can be assessed by using a spirometer
to measure the air volume during inspiration and/or ex-
piration. The clinicians frequently use three indices to
identify airway diseases: (1) forced expiratory vital cap-
acity (FVC) refers to the total amount of air that an indi-
vidual can exhale in one breath, (2) the predicted FVC
value (%), and (3) the forced expiratory volume in one
second (FEV1)/FVC ratio (%) [18]. Many factors, includ-
ing age, body mass index, sex, ethnicity, physical activity,
environmental conditions, altitude, smoking, and socio-
economic status, influence the lung function values [19,
20, 23]. Many developed countries have initiated health
strategies to reduce the health impact on the aging soci-
ety. However, few studies have focused on the associ-
ation between impaired lung function and
cardiometabolic risks among adults in rural areas of
Taiwan. This study aimed to explore the prevalence of
impaired lung function and its association with cardio-
metabolic risks among rural adults.

Methods
Design, sample, and setting
A community-based, cross-sectional study design was
applied. This study is the first phase of a nurse-led com-
munity health development program to prevent and
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slow down age-related disability among rural adults liv-
ing in the southwestern coastal Yunlin County. Specific-
ally, a higher proportion of the elderly live around the
western coastal areas in Taiwan [3], and Yunlin County
has the second-highest population of the older people
(20% are aged > 65 years old). The county also has a
lower population density among the 21 counties of
Taiwan. The research team collaborated with a local
hospital and five township heads, holding an annual
community health screening on Mondays and Tuesdays
for 30 weeks between March and December 2019. The
inclusion criteria were (1) fully independent in daily ac-
tivities and able to walk to the community center; (2)
age > 20 years and able to communicate in Mandarin or
Taiwanese; and (3) agreed to participate in this study
and signed the informed consent form. The exclusion
criteria were the inability to answer questions or incom-
plete data.

Procedure and ethical considerations
This study was approved by Chang Gung Medical Foun-
dation (IRB 201900222A3). The township heads sent
messages regarding the free health check-ups and invited
individuals to participate in this study. The research
team described the study procedures (such as collecting
blood samples after 8 h of overnight fasting to examine
blood sugar and cholesterol levels and the lung function
test) to all the participants. Informed consent was ob-
tained from all the participants before this project. Con-
tent validity of the health-related behaviors
questionnaire was judged to be good (CVI = 0.90–0.92)
by a 5 expert panel comprising health education faculty
members, metabolic physicians, and nursing faculty
members teaching health promotion. Some items within
the instruments were revised according to the experts’
suggestions. Six research assistants were trained for 4 h
by the investigators. These research assistants were se-
nior nursing students in a Post-RN Bachelor of Nursing
Degree Program who held a registered nursing license
and received 2 consequent training programs. In session
1, we focused on understanding research background
and practicing interview skills. In session 2, 6 research
assistants were grouped into 3 pairs to pretest and be fa-
miliar with all the questionnaire items. Finally, research
assistants were divided into 2 groups to interview each
adult, and a 90% accuracy rate of inter-rater reliability
was confirmed among the 3 pairs.

Measurements

1. Demographic characteristics included sex, age,
educational level (number of received education
years), and self-reported occupation (had a job
or not).

2. Cardiometabolic risk factors and MetS were based
on the national standard [1, 4]. They included the
presence of one of the following five biomarkers: (1)
waist circumference (WC) ≥ 90 cm in males, ≥ 80
cm in females (also known as central obesity), and
the WC was measured between the last rib margin
and the iliac crest (i.e., the mid-abdominal distance),
and by trained senior nursing students; (2) systolic/
diastolic blood pressure > 130/85 mmHg; (3) HDL-
C < 40mg/dL in males, < 50 mg/dL in the females;
(4) HbA1C > 5.6% was used instead of the blood
glucose level, since fasting 8 h is not compliant for
rural adults in the community screening, and (5)
TG level > 150 mg/dL. An individual with three or
more of these risk factors was classified as having
MetS [1].

3. The same certified and experienced technician
performed the lung function test using an
automated flow-sensing spirometer (Pony Fx-
EN13485 is the new generation desktop developed
by COSMED). Based on the American Thoracic So-
ciety recommendations [24], a dry rolling-seal spir-
ometer, calibrated by using 2 or 3 L of precision
syringe daily was performed. At least five and up to
a maximum of six forced expiratory maneuvers
were performed to meet the standards. Three indi-
ces of lung function were measured: (1) FVC; (2)
predicted FVC value (%); and (3) FEV1/FVC ratio
(%). Normal lung function was defined as FEV1/
FVC ≥ 70% and FVC ≥ 80%. Obstructive lung im-
pairment was defined as FEV1/FVC ratio < 70% and
the predicted FVC value > 80%. Restrictive lung im-
pairment was defined as the predicted FVC value <
80% and FEV1/FVC > 70%. Mixed lung impairment
was defined as FEV1/FVC < 70% and the predicted
FVC value < 80% [25]. Spirometer measurement re-
sults are derived from the reference values calcu-
lated based on the participant’s age, height, gender,
and race, for further mutual comparison and
evaluation.

4. Health-related behaviors: According to previous
studies and official recommendations for
cardiometabolic risk management, three substances
and four dietary and exercise behaviors were
assessed [1, 26, 27]. Participants were asked: (1) “Do
you smoke cigarettes?” “non-smokers” had never
smoked; “current/former smokers” were current
smokers or were previous smokers who had ceased
smoking; (2) “Do you chew betel nut?” Participants
were classified as “non-users” if they reported
having never chewed, “current/former users” if they
were current users or were previous users and had
ceased chewing; (3) “Do you regularly consume
alcohol or related beverage?” Participants were
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classified as “non-users” if they reported having
never drunk, “regular users” if they reported that
they regularly drank at least three times a week; (4)
“How often do you consume three portions of
vegetables (1.5 bowls) per day?”; (5) “How often do
you have two portions of fruit per day?”; (6) “How
often do you have 1500 mL of water per day?”; (7)
“How often do you have at least exercise for > 30
min, three times per week?”. Participant’s responses
were categorized as “never,” “seldom,” “usually,” or
“always”. For the evaluation, four responses were
categorized into two-level frequencies: never/sel-
dom and usually/always. For accuracy and clarity,
on drinking measures, participants were shown
standardized containers as an example of a bowel/
bottle/cup; for example, one bowel or cup contains
240 mL of water, and a bottle, 600 mL of water.

Data analysis
The study participants’ demographics and other charac-
teristics with and without lung function impairment
were compared using an independent sample t-test for
continuous variables or a chi-square test for categorical
variables. To investigate the association between MetS
and lung function impairment, we performed multivari-
able logistic regression analyses adjusted for demograph-
ics and other characteristics. All tests were 2-tailed and
P < 0.05 was considered statistically significant. We fur-
ther conducted post hoc analysis on male subjects with
the level of statistical significance set as P < 0.025. Data
analyses were conducted using IBM SPSS Statistics for
Windows, version 25 (IBM Corp., Armonk, NY, USA).

Results
Demographic characteristics, MetS, and lung function test
Excluding 127 individuals with incomplete data, 1653
adults with complete data were analyzed. Of these, 37%

(n = 611) were classified as having lung impairment, includ-
ing 31.7% restrictive, 2.5% obstructive, and 2.7% mixed type
(Fig. 1). Among the lung impairment group, 85.8% (n =
524) had the restrictive type, while others had obstructive
type (n = 42) or mixed type (n = 45). The low obstructive
lung impairment group occurrence did not show any statis-
tical significance. This study was female predominant,
71.6% received less than 9 years of education, and 29.9%
were illiterates (zero schoolings). The average age was 63.4
years, more than half were 65 years or older, and the me-
dian age was 66 years. Eighteen percent of the participants
smoked and most of them were males (p < 0.001), 11.4%
consumed alcohol, and 9.8% chewed betel nuts. Overall,
51.5% of the adults had MetS with a mean number of 2.6
cardiometabolic risk factors in the entire sample (Table 1).
On further comparison of lung impairment with demo-

graphic characteristics, the lung function impaired adults
were more likely to be males (p < 0.01), older (p < 0.001),
had lower educational level (p < 0.001), had no job (p <
0.001), cigarette smoker (p < 0.01), and betel nuts chewer
(p < 0.001). Adults with lung function impairment had worse
lung function test indices (p < 0.001) except for the FEV1/
FVC ratio. The lung-impaired adults had inadequate dietary
behaviors, including less intake of adequate vegetables (p <
0.001), fruit (p < 0.001), and water (p < 0.05). The prevalence
of MetS (p < 0.001) as well as the average number of cardio-
metabolic risk factors (p < 0.001) were higher in the lung im-
paired group than in the normal lung function group (Table
1). Further comparison of demographic characteristics with
MetS showed that older adults (p < 0.001), less education
(p < 0.001), without a job (p < 0.01) tended to have MetS.
The table of demographics and MetS was not shown.

Association between substance use, cardiometabolic
risks, and lung impairment
Table 2 shows the multivariable-adjusted multinomial
logistic regression analysis results. Male sex (odds ratio

Fig. 1 The distribution of lung function group
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[OR] = 2.63, 95% confidence interval [CI] = 1.39–4.97),
older age (OR = 1.07, 95% CI = 1.04–1.10), cigarette
smoking (OR = 2.27, 95% CI = 1.14–4.53), and betel nuts
chewing (OR = 2.33, 95% CI = 1.09–5.01) were independ-
ently associated with a higher risk of the obstructive type
of lung impairment. In contrast, besides older age and
low educational level, the presence of MetS (OR = 1.61,
95% CI = 1.29–2.02) or several cardiometabolic risk fac-
tors (OR = 1.20, 95% CI = 1.10–1.31) was independently
associated with a higher risk of restrictive impairment.
However, MetS and the number of cardiometabolic risk

factors were not significantly associated with the risk of
obstructive impairment, which may be due to the small
event number.

Smoking, cardiometabolic risks, and lung impairment
among male adults
Adult males tended to have smoking habits (p <
0.001), as well as associated lung impairment (Table
1). We further conducted the post hoc analysis for
adult males. The results suggested similar findings
that either the presence of MetS (OR = 1.90, 97.5%

Table 1 Demographics and characteristics of the study subjects according to the lung function test (N = 1653)

Variable Total
(n = 1653)

Lung impairment
(n = 611)

Normal
(n = 1042)

P

Demographics

Male sex 598 (36.2) 249 (40.8) 349 (33.5) 0.003

Age, years 63.4 ± 14.8 68.7 ± 12.5 60.4 ± 15.3 < 0.001

Age, years < 0.001

20–40 166 (10.0) 21 (3.4) 145 (13.9)

41–64 593 (35.9) 171 (28.0) 422 (40.5)

≥ 65 894 (54.1) 419 (68.6) 475 (45.6)

Education level, years 6.8 ± 5.5 5.2 ± 4.9 7.8 ± 5.5 < 0.001

Had a job 783 (47.4) 253 (41.4) 530 (50.9) < 0.001

Substance use (current user)

Smoking* 300 (18.1) 136 (22.3) 164 (15.7) 0.001

Betel nut chewing 162 (9.8) 82 (13.4) 80 (7.7) < 0.001

Alcoholic drinking 188 (11.4) 77 (12.6) 111 (10.7) 0.228

Lung function

Forced vital capacity, (L) 2.3 ± 0.8 1.8 ± 0.6 2.6 ± 0.7 < 0.001

FVC % of predicted value, % 84.6 ± 17.6 67.6 ± 13.6 94.6 ± 10.6 < 0.001

FEV1/FVC ratio, % 83.5 ± 19.2 83.6 ± 30.8 83.4 ± 5.6 0.834

Health-related behaviors (usually/always)

Intake vegetable ≥3 portions per day 1119 (67.7) 381 (62.4) 738 (70.8) < 0.001

Fruit > 1.5 servings per day 929 (56.2) 303 (49.6) 626 (60.1) < 0.001

Intake of water > 1500 cc per day 979 (59.2) 341 (55.8) 638 (61.2) 0.030

Exercise > 30min, three times per week 501 (30.3) 171 (28.0) 330 (31.7) 0.116

Cardiometabolic risk factors

Central obesity (WC) 1 903 (54.6) 366 (59.9) 537 (51.5) 0.001

Blood pressure 2 1018 (61.6) 385 (63.0) 633 (60.7) 0.361

HDL-C3 624 (37.7) 271 (44.4) 353 (33.9) < 0.001

HbA1C4 1174 (71.0) 483 (79.1) 691 (66.3) < 0.001

Triglyceride5 503 (30.4) 212 (34.7) 291 (27.9) 0.004

Metabolic syndrome (MetS)6 851 (51.5) 368 (60.2) 483 (46.4) < 0.001

Number of cardiometabolic risk factors 2.6 ± 1.4 2.8 ± 1.3 2.4 ± 1.4 < 0.001

*The ratio of male/female smoker are 275:25, Chi-square test = 491.31, P < 0.001
1 WC, waist circumference, male > 90 cm, female > 80 cm; 2 Blood pressure > 130/85 mmHg; systolic blood pressure / diastolic blood pressure
3 HDL-C, high-density lipoprotein cholesterol, male < 40mg/dL, female < 50 mg/dL; 4 glycosylated hemoglobin ≥5.6%; 5 Triglyceride ≥150 mg/dL; 6 Metabolic
syndromes ≥3 cardiometabolic risk factors; Data were presented as mean ± standard deviation or frequency and percentage
FVC, forced vital capacity; FEV1, forced expiratory volume in first one second
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CI = 1.30–2.93) or a greater number of cardiometa-
bolic risk factors (OR = 1.30, 97.5% CI = 1.09–1.54)
were both risk factors of restrictive lung impair-
ment, but not for obstructive or mixed type due to
the small event number (Table 3). In addition to

older age (OR = 1.06, 97.5% CI = 1.02–1.10), smoking
habit tended to have a higher risk (OR = 2.34, 97.5%
CI = 1.04–5.26) in the obstructive or mixed type of
lung impairment, but not for restrictive type due to
the small event number.

Table 2 Multivariable-adjusted multinomial logistic regression analysis for factors associated with lung impairment (N = 1653)

Metabolic syndrome (MetS) as predictor No. of component of MetS as predictor

Variable Risk of obstructive or mixed
type (n = 87)

Risk of restrictive type
(n = 524)

Risk of obstructive or mixed
type (n = 87)

Risk of restrictive type
(n = 524)

Male sex 2.63 (1.39–4.97)* 1.18 (0.88–1.59) 2.61 (1.38–4.93)* 1.20 (0.89–1.62)

Age, years 1.07 (1.04–1.10)* 1.02 (1.01–1.04)* 1.07 (1.04–1.10)* 1.02 (1.01–1.04)*

Education level, years 0.995 (0.94–1.06) 0.95 (0.92–0.98)* 0.995 (0.94–1.06) 0.95 (0.92–0.98)*

Smoking (current user)* 2.27 (1.14–4.53)* 1.18 (0.78–1.78) 2.30 (1.15–4.58)* 1.16 (0.77–1.76)

Betel nut (current user) 2.33 (1.09–5.01)* 1.20 (0.72–2.01) 2.35 (1.09–5.04)* 1.19 (0.71–1.98)

Alcoholic drinking (current
user)

0.57 (0.27–1.22) 0.89 (0.58–1.37) 0.56 (0.27–1.20) 0.90 (0.58–1.37)

Intake vegetable ≥3 portions
per day

0.83 (0.39–1.77) 0.88 (0.63–1.23) 0.83 (0.39–1.77) 0.87 (0.63–1.22)

Fruit > 1.5 servings per day 1.43 (0.69–2.96) 0.88 (0.64–1.21) 1.44 (0.69–2.98) 0.88 (0.64–1.22)

Intake of water > 1500 cc per
day

1.32 (0.79–2.20) 0.93 (0.74–1.18) 1.31 (0.79–2.19) 0.93 (0.74–1.18)

Exercise > 30 min, three times
per week

0.69 (0.40–1.20) 0.89 (0.70–1.14) 0.69 (0.40–1.19) 0.89 (0.69–1.13)

Metabolic syndrome (MetS) 0.82 (0.51–1.33) 1.61 (1.29–2.02)*

Number of cardiometabolic
risk factors

0.91 (0.76–1.09) 1.20 (1.10–1.31)*

Data were presented as adjusted odds ratio and 95% confidence interval
* indicated P < 0.05

Table 3 Multivariable-adjusted multinomial logistic regression analysis for factors associated with lung impairment in male subjects
(N = 598)

Metabolic syndrome as predictor No. of component of MetS as predictor

Variable Risk of obstructive or mixed
type (n = 62)

Risk of restrictive type
(n = 187)

Risk of obstructive or mixed
type (n = 62)

Risk of restrictive type
(n = 187)

Age, years 1.06 (1.02–1.10)* 1.03 (1.01–1.05)* 1.06 (1.02–1.10)* 1.03 (1.01–1.05)*

Education level, years 0.95 (0.87–1.04) 0.97 (0.91–1.02) 0.95 (0.87–1.04) 0.97 (0.91–1.02)

Smoking (current user) 2.34 (1.04–5.26)* 1.11 (0.66–1.88) 2.34 (1.04–5.25)* 1.10 (0.65–1.85)

Betel nut chewing (current
user)

1.98 (0.81–4.83) 1.26 (0.67–2.34) 2.02 (0.83–4.91) 1.22 (0.65–2.27)

Alcoholic drinking (current
user)

0.66 (0.27–1.60) 0.87 (0.50–1.51) 0.65 (0.27–1.58) 0.89 (0.51–1.54)

Intake vegetable ≥3 portions
per day

0.92 (0.32–2.63) 0.63 (0.32–1.24) 0.93 (0.33–2.63) 0.64 (0.32–1.28)

Fruit > 1.5 servings per day 1.15 (0.42–3.18) 1.01 (0.51–1.99) 1.15 (0.42–3.18) 0.99 (0.50–1.96)

Intake of water > 1500 cc per
day

1.26 (0.61–2.62) 0.93 (0.58–1.47) 1.26 (0.61–2.62) 0.94 (0.59–1.49)

Exercise> 30 min, three times
per week

0.79 (0.36–1.75) 1.13 (0.70–1.81) 0.79 (0.35–1.75) 1.14 (0.71–1.83)

Metabolic syndrome 1.05 (0.53–2.06) 1.90 (1.23–2.93)*

Number of cardiometabolic
risk factors

0.98 (0.76–1.27) 1.30 (1.09–1.54)*

Data were presented as adjusted odds ratio and 97.5% confidence interval. MetS, metabolic syndromes
* indicated P < 0.025
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Discussion
Three key findings emerged from this study. Firstly,
compared to other studies, the present finding showed a
high prevalence of the restrictive type of impaired lung
function and MetS. Secondly, apart from the unmodifi-
able factors of older age and low educational level, MetS
or a greater number of cardiometabolic risk factors was
independently associated with the restrictive lung im-
pairment. Third, lung-impaired adults tended to adopt
an unhealthy lifestyle, especially male smokers and betel
nut users, who tended to have a high risk of obstructive
or mixed-type lung impairment.
Except for the non-modifiable factors (age, sex, educa-

tion) of lung function decline, the present findings
showed a high prevalence of participants with MetS
(51.5%) and cardiometabolic risk factors, which were sig-
nificantly associated with lung function impairment es-
pecially of the restrictive type. These findings are similar
to those of previous studies from Japan [14, 15] and
South Korea [13], which indicated that individuals with
diabetes or poor glycemic control had a higher risk of
restrictive lung impairment than those without diabetes.
Among a diabetes population, Kim et al. [13] found that
body mass index was independently associated with re-
strictive pulmonary impairment. In our study, all risk
factors of MetS, except for blood pressure, significantly
impacted lung function. This agrees with previous stud-
ies on obesity and diabetes [13, 14]. Besides recognizing
the effect of individual cardiovascular risk factors on
lung function, one major aim of this study was to clarify
the association between lung function impairment and
these risk factors designated as MetS, which is now rec-
ognized as a good indicator for health care promotion.
The relationship between MetS and impaired lung func-
tion has been shown, independent of cigarette smoking
in our study. In practice, it would be more comprehen-
sive and easier to give comprehensive health education
to the community to promote general health instead of
action plans to reduce individual risk. No matter the in-
dividual risk factors contributing to lung function im-
pairment, it has been shown that besides cardiovascular
events, lung function impairment is another important
point for health promotion concern in the population
with MetS. Hence, an interdisciplinary approach for life-
style modification for rural adults with impaired lung
function is strongly suggested.
The present findings indicate that a high proportion of

rural adults adopt an unhealthy lifestyle, including smok-
ing, betel nut chewing, consumption of inadequate vege-
table/fruit and water, and inactivity. Studies from Japan
and the United States revealed a healthy lifestyle, includ-
ing healthy eating, non-smoking, less alcohol consump-
tion, and social support, reduce disability in later life [26,
28]. Further, in Spain, Gutiérrez-Carrasquilla et al. [17]

found that both adherence to the Mediterranean diet
and physical activity practices positively impact pulmon-
ary function in subjects with lung disease. These results
suggest that a community health promotion program for
middle-aged or older people would yield benefits. Fur-
ther, the present finding showed that 29.9% of partici-
pants were illiterate, much higher than the 13% in the
general older population [29]. Therefore, if we plan to
promote healthy aging, we need to consider individual-
tailored activities for the low socioeconomic population
since there are a high proportion of participants with
low education and those without a job.
The present finding showed that only 5.2% of partici-

pants had obstructive or mixed type lung impairment,
and cardiometabolic risk factors were significantly asso-
ciated with restrictive type lung impairment. The pos-
sible reason for these results might be due to the small
number of individuals with obstructive or mixed types of
lung impairment in our present study. Unlike the study
by Kim et al. [13] in South Korea, data from the Korea
National Health and Nutrition Examination Survey were
analyzed. Compared to the non-diabetes group, having
diabetes was associated with the restrictive type of lung
function impairment and obstructive impairment. In this
study, the smoking rate was 18.1%, and most were male
smokers (46%). This percentage was higher than the na-
tional level percentage. Compared to the official report
from the Taiwan smoking survey [30], the smoking rate
for those aged ≥18 years in Taiwan was 13%, which in-
cluded 23.4% for men and 2.4% for women. The present
findings are similar to those of the study by Kim et al.
[13], where smoking at any point (smoking history) was
an independent risk factor for obstructive pulmonary
impairment. Evidence shows that cigarette smoking,
even among very light smokers, was associated with lung
function impairment [22, 23, 31]. Further studies must
investigate the influence of smoking and betel nut chew-
ing cessation among adult males with lung function im-
pairment in the community, especially for obstructive
impairment.
Despite the valuable findings in this study, some limi-

tations should be noted. Firstly, due to the lack of infor-
mation on the history of cardiometabolic diseases, such
as hypertension or diabetes medications, the present
findings might have underestimated the prevalence of
cardiometabolic risks. Besides, considering the incon-
venience of fasting overnight for 8 h for community resi-
dents, we used HbA1c > 5.6% instead of plasma blood
glucose (> 100 mg/dL). This could affect the prevalence
of cardiometabolic risk factors. Secondly, the smoking
habit was self-reported, and no confirmation using urin-
ary nicotine levels was obtained. Finally, nonrandom
sampling was applied, and health check-ups for each
township were performed only on Mondays and
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Tuesdays. Thus, it might have resulted in a high number
of participants with MetS. As a high proportion of par-
ticipants in the present finding had low education levels
and were unemployed, this might limit these findings’
generalizability.

Conclusions
A high prevalence of restrictive lung impairment, cardio-
metabolic risk factors, and unhealthy lifestyle was found
among rural adults. Moreover, impaired lung function
was significantly associated with MetS or a greater num-
ber of cardiometabolic risk factors. In male adults,
smoking was independently associated with obstructive
or mixed types of lung impairment. Clinicians and pri-
mary healthcare providers could reduce the conse-
quences of cardiometabolic-related diseases by initiating
individualized and culture-tailored health promotion
programs for rural adults with impaired lung function.
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