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Background. A considerable uncertainty exists about the relationship between adult metabolic syndrome (MS) and obstructive
lung disease (OLD), perhaps owing to systemic inflammation. -erefore, this study aimed to investigate the relationship
between MS (with its components) and the patterns of lung function impairment.Methods. -e participants in this study were
3978 adults aged 30-78 years from the baseline cohort of the Ningxia Cohort Study. -e participants underwent pulmonary
function tests, questionnaire surveys, physical examinations, and analysis of blood specimens. Results. No significant difference
in the prevalence of OLD was observed between male (15.9%) and female (14.2%) participants. After adjusting for possible
confounding factors (e.g., age and family income), impaired lung function was found to be related to some MS components,
such as abdominal obesity, high blood pressure, and low levels of high-density lipoprotein cholesterol (HDL-C) (all P< 0.05).
Conclusions. As an important component of MS, abdominal obesity is related to impaired lung function. Surprisingly, this
study found that increased HDL-C levels could accelerate the decline of lung function; it also suggests that in the presence of
different metabolic health conditions, especially abdominal obesity and low levels of HDL-C, various metabolic indicators
should be comprehensively considered to prevent the decline of lung function.-is partly explains the increase in the incidence
of two or more chronic diseases. -erefore, the prevention of chronic diseases should shift from single-disease prevention to a
comprehensive consideration of multi-disease prevention in the future. -erefore, a more sensitive evaluation of the role of
HDL-C in lung function is warranted.

1. Introduction

Chronic obstructive pulmonary disease (COPD) generally
develops progressively. It is characterized by an incomplete
and reversible restriction of airflow and is related to ab-
normal inflammatory reactions in the lungs caused by
factors such as harmful particles or gases. COPD is one of
the causes of increased morbidity and mortality worldwide
[1]. In addition, COPD is expected to become the sixth
leading cause of death globally by 2017 [2]. In China, COPD
has a prevalence of 8.2% in people older than 40 years and is
the fifth leading cause of death [3, 4]. -erefore, the

identification and assessment of COPD and other related
diseases are important to prevent disease progression.

In the diagnosis of COPD, a term that encapsulates its
inflammatory nature and comorbid conditions is “chronic
systemic inflammatory syndrome” [5, 6]. -e metabolic
syndrome (MS) may be one of its comorbid conditions. MS
is characterized by insulin resistance, abdominal obesity,
hypertension, and dyslipidemia, which can increase the risk
of cardiovascular disease and type 2 diabetes [7, 8]. One of
the symptoms of COPD is lung dysfunction [9]. Recent
studies on the role of MS and its components in predicting
lung dysfunction have received special attention [10–12].
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Studies in Italy, Taiwan, and Japan have shown thatMS is
independently associated with restrictive patterns of im-
paired lung function [13–15], and other reported results have
also indicated that MS is related to restrictive lung disease
(RLD). In contrast, a cohort study in Guangzhou, China, has
found that MS is associated with airflow obstruction [16].
Meanwhile, another study suggested that airflow obstruction
of Global Initiative for Chronic Obstructive Lung Disease
stage II-IV might be associated with MS in Japanese men
[17]. However, only a few large-scale studies have investi-
gated the relationship between obstructive lung disease
(OLD) andMS.-erefore, this study aimed to investigate the
relationship between MS (with its components) and lung
function in adults of both sexes in rural China.

2. Materials and Methods

2.1. Study Setting. Figure 1 shows the locations of Pingluo
(in the north) and Qingtongxia (in the middle) in the
Ningxia Hui Autonomous Region. -e two counties have an
area of approximately 2060 and 2525 km2, respectively. -e
climate is characterized by a long duration of cold winter
weather, a short duration of hot summer weather, and a dry
weather with less rain and snow.

2.2. Study Design and Participants. -is study used the
baseline data of the Ningxia Cohort Study from the China
Northwest Cohort, which was performed in Pingluo and
Qingtongxia in Ningxia from March 2018 to May 2019. All
participants met the following inclusion criteria: (i) age 30-
78 years, (ii) a registered permanent residence in the survey
location that is inhabited for> 5 months in a year, (iii)
normal communication ability without serious problems
such as physical disability, and (iv) personal social medical
insurance coverage from the local health department. -e
specific process of participant inclusion in the study is shown
in Figure 2.

-is study was based on township. -e health personnel
of the study township were responsible for daily routine
services and promoted communication with all participants
in the cohort. After an overnight fast, the participants were
invited to the township health hospital for a questionnaire
survey and physical examination.

-e research protocol was approved by the Ethical
Committee of Ningxia Medical University (no. 2018-012).
All eligible participants understood the specific process of
the study. All participants provided written informed
consent for follow-up, participation, storage and use of
blood and urine samples, and use of medical record
information.

2.3. Data Collection and Measurement. -e questionnaire
survey was conducted by trained university students and
rural doctors. During the health evaluation, the basic in-
formation of the participants, including age, educational
level, family income, smoking status, alcohol/drinking sta-
tus, and family disease history (e.g., heart disease, high blood
pressure, or asthma), was collected through the face-to-face

method. -e participants were classified as “heavy smokers”
(those who reported smoking more than one cigarette a day
for more than 6 months) or “light smokers” (those who
reported not smoking more than one cigarette per day and
for no more than 6 months). With respect to alcohol
drinking, the participants were divided into “heavy drinkers”
(those who reported drinking alcohol at least once a week for
more than 6months) or “light drinkers” (those who reported
drinking alcohol less than once a week on average). Edu-
cational level was divided into primary and nonformal
school education, junior high school, and senior high school
or above. -e family income groups were set according to
quartiles: “quartile 1” represented the lowest family income
status and “quartile 4” represented the highest family income
status.

Fasting plasma glucose (FPG), triglyceride (TG), and
high-density lipoprotein cholesterol (HDL-C) data were
obtained from the laboratory of the local health hospital,
which tested the participants’ blood samples. Height, weight,
and waist circumference (WC) were evaluated by trained
personnel using a bioelectrical impedance analyzer (InBody
370; InBody, Seoul, South Korea) with eight-point tactile
electrodes.-e analyzer was calibrated every morning before
the inspection, and the repeatability and accuracy of body
composition data were checked. Blood pressure was mea-
sured using an upper-arm electronic sphygmomanometer,
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Figure 1: Locations of Pingluo and Qingtongxia counties in
Ningxia Hui Autonomous Region, China.
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three times after the participants had rested in a sitting
position for 5min. Body mass index (BMI) was calculated by
dividing weight (kg) by the square of height (m2).

2.4. Assessment of Lung Function. Lung function parameters
were measured using a digital spirometer connected to a

computer (Chestgraph HI-101; Chest Ltd., Tokyo, Japan),
including forced expiratory volume in 1 s (FEV1) and forced
vital capacity (FVC). -e spirometer was able to determine
the predicted FEV1 and FVC values according to the fol-
lowing prediction equations:

FVC(mL) � (2.94 − 0.010 × age[years]) ×
height[cm]

100
 (men),

FVC(mL) � (2.33 − 0.008 × age[years]) ×
height[cm]

100
 (women),

FEV1(mL) � (2.72 − 0.015 × age[years]) ×
height[cm]

100
 (men),

FEV1(mL) � (2.19 − 0.013 × age[years]) ×
height[cm]

100
 (women).

(1)

-e predicted FVC and FEV1 values vary with the
characteristics of a given population (age, height, sex, and
race/ethnicity). According to the recommendations of the
American -oracic Society [18], the spirometer needs to be
calibrated according to themanufacturer’s instructions before
each measurement. -e participants were asked to wear a
nose clip while maintaining a sitting posture on a chair. All
lung function tests were completed through the mouthpieces.
All participants were required to produce three curves that
meet the standard, and the best value was used for analysis.

-e spirometer was used every morning after calibration,
according to the manufacturer’s instructions. We defined
RLD as FVC <80% of the predicted value and FEV1/FVC
ratio >70%. We defined OLD as FEV1/FVC ratio <70%.

2.5. Assessment of MS. We classified the participants as
having MS if they had abdominal obesity, as defined by the
International Diabetes Federation diagnostic criteria [19]
(WC≥ 90 cm for men and ≥80 cm for women), plus any two

Ningxia cohort population n = 15802

Subjects aged 35 to 74 years n = 15118

Subjects had basic information, lung function,
and metabolic syndrome related indicators n = 5339

Eligible participants n = 3978

Excluded from the analysis were participants
who lacked data or were diagnosed with
chronic diseases that severely affected
metabolism and/or lung function, such as
thyroid disease, severe cardiovascular disease,
chronic hepatitis, cirrhosis, history of
pulmonary pleural surgery, asthma,
tuberculosis, lung cancer, and pregnant
women. n = 1 361

Figure 2: Selection of participants for inclusion in the study.
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of the following four factors according to the National
Cholesterol Education Program Adult Treatment Panel III
[20] definition:

(a) FPG≥ 5.6mmol/L or previously diagnosed type 2
diabetes.

(b) TG≥ 1.7mmol/L or specific treatment for this lipid
abnormality.

(c) HDL-C< 1.03mmol/L in men or< 1.29mmol/L in
women or specific treatment for this lipid
abnormality.

(d) Systolic blood pressure (SBP)≥ 130mmHg or dia-
stolic blood pressure (DBP)≥ 85mmHg or treat-
ment of previously diagnosed hypertension.

Participants without any of the five risk factors men-
tioned above received an MS score of 0, and those with one,
two, three, and four or more of the risk factors received an
MS score of 1, 2, 3, and ≥4, respectively.

2.6. Statistical Analysis. -e results are expressed as
mean± standard deviation, and categorical variables are
expressed as frequency. -e chi-square test was used to
assess the differences in categorical variables between the
sexes, and one-way analysis of variance was used to assess
continuous variables. Multiple linear regressionmodels were
established to evaluate the relationship between lung
function and metabolic components. Logistic regression
models were established to evaluate the relationship between
two lung diseases and MS and its scores, and two models
were adjusted for potential confounding factors including
age, smoking, drinking, educational level, family income
group, and BMI. All analyses were performed using SPSS
(version 23.0; SPSS Inc., Chicago, IL, USA). A two-sided P

value of <0.05 was considered to indicate statistical
significance.

3. Results and Discussion

3.1. Results. A total of 3978 participants (1760 men and 2218
women) were included in this study (Table 1). -e average
age of female participants was lower than that of male
participants (mean age 53.6± 8.3 vs. 58.1± 8.8 years,
P< 0.001). In this study, men were generally more educated
and had a relatively higher frequency of smoking and
drinking than women, with statistical differences. However,
in terms of family income, there was no statistical difference
between men and women. Except for TG (P � 0.493), there
were significant differences between the sexes in the other
evaluated clinical characteristics (P< 0.001). Women had
lower WC (86.2± 8.8 vs. 88.9± 10.2 cm), SBP (133.3± 18.5
vs. 135.1± 18.3mmHg), DBP (82.2± 11.7 vs.
83.8± 12.4mmHg), and FPG (5.4± 0.8 vs. 5.5± 0.8mmol/
L), but higher HDL-C (1.4± 0.3 vs. 1.3± 0.3mmol/L), than
men. -e prevalence of MS in men was significantly lower
than that in women. Although there was no statistical dif-
ference between the average estimated value of FEV1 (%
predicted) and the ratio of FEV1/FVC between the sexes, the
average estimated value of FEV1 was significantly lower in

women. -ere were more male participants with OLD than
female participants. In contrast, the number of men with
RLD was lower than that of women, with no significant
difference between the sexes.

Data are shown as mean± standard deviation or n (%).
BMI, body mass index; WC, waist circumference; SBP, systolic
blood pressure; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; TG, triglycerides; HDL-C, high-density lipo-
protein cholesterol;MS,metabolic syndrome; FVC, forced vital
capacity; FEV1, forced expiratory volume in 1 s; OLD, ob-
structive lung disease; RLD, restrictive lung disease.

-e relationship between the various components of MS
and the lung function status is shown in Table 2. After
multiple linear regression analysis, among men, DBP and
FPG had a significant positive correlation with FVC, whereas
WC and SBP had an opposite or a negative correlation.
Among women, a weaker association between DBP and FVC
was observed. Among all participants, a significant negative
correlation was found between HDL-C and FVC. WC, SBP,
DBP, and FEV1 showed a similar relationship with FVC in
men. -ere was a strong negative correlation between HDL-
C level and FEV1 in women, whereas the other variables
were not correlated. However, HDL-C was weakly correlated
with the FEV1/FVC ratio in men. None of the variables in
women were related to FEV1.

In Table 3, the prevalence of MS with RLD (38.2% vs.
32.9%) and OLD (48.7% vs. 40.8%) was significantly dif-
ferent between the sexes. After adjusting the crude model
and models 1 and 2, among all participants, there was no
significant difference between RLD and MS. In addition,
after adjusting the crude model and models 1 and 2, there
was no significant difference between OLD and MS in men.
However, there were significant differences between OLD
and MS in the crude model (0.695, 95% confidence interval
[CI] 0.546-0.886) or in model 1 (0.682, 95% CI 0.534-0.872)
and model 2 (0.738, 95% CI 0.568-0.959) in women.

Data were calculated using multiple logistic regression.
RLD, restrictive lung disease; OLD, obstructive lung disease;
OR, odds ratio; CI, confidence interval. Model 1 was ad-
justed for age, smoking, and alcohol drinking. Model 2 was
adjusted for age, smoking, alcohol drinking, educational
level, family income group, and body mass index.

-e results of the analysis of the relationship between
OLD and MS scores are shown in Table 4. Among the
participants, the number of men with MS scores of 1, 2, 3,
and 4+ was 74, 87, 61, and 31, respectively. -e corre-
sponding numbers for women were 65, 98, 80, and 48,
respectively. In women, OLD and an MS score of 4 were
statistically significant in the crude model (0.539, 95% CI
0.314-0.925) and in the adjusted model 1 (0.507, 95% CI
0.294-0.873). However, after adjusting for confounding
factors, the relationship between OLD and the MS score was
not statistically significant among men.

Data were calculated using multiple logistic regression.
OLD, obstructive lung disease; MS, metabolic syndrome;
OR, odds ratio; CI, confidence interval. Model 1 was ad-
justed for smoking and family income group. Model 2 was
adjusted for age, smoking, alcohol drinking, educational
level, family income group, and body mass index.
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4. Discussion

In this study, abdominal obesity, low levels of HDL, and high
blood pressure, which are components of MS, were sig-
nificantly associated with decreased FVC and FEV1.

Furthermore, MS and an MS score of 4 had a negative
correlation with OLD in women.

When each metabolic component was used to inde-
pendently predict FVC (% predicted value), FEV1 (% pre-
dicted value), and the FEV1/FVC ratio, the result was

Table 1: Basic characteristic of the study participants.

Men (n� 1760) Women (n� 2218) All (n� 3978) P value
Age (years) 58.1± 8.8 53.6± 8.3 55.6± 8.8 <0.001
Educational level (%) <0.001
Primary and nonformal school education 1026 (58.3) 1463 (66.0) 2489 (62.6)
Junior high school 625 (35.5) 672 (30.3) 1297 (32.6)
Senior high school or above 109 (6.2) 83 (3.7) 192 (4.8)
Family income group (%) 0.087
Quartile 1 (<¥10,000) 400 (22.7) 449 (20.2) 849 (21.3)
Quartile 2 (¥10,000-¥20,000) 507 (28.8) 610 (27.5) 1117 (28.1)
Quartile 3 (¥20,000-50,000) 398 (22.6) 525 (23.7) 923 (23.2)
Quartile 4 (>¥50,000) 455 (25.9) 634 (28.6) 1089 (27.4)
Smoking <0.001
Heavy (%) 498 (28.3) 11 (0.5) 509 (12.8)
Light (%) 1262 (71.7) 2207 (99.5) 3469 (87.2)
Alcohol drinking <0.001
Heavy (%) 261 (14.8) 21 (0.9) 282 (7.1)
Light (%) 1499 (85.2) 2197 (99.1) 3696 (92.9)
BMI (kg/m2) 25.0± 3.3 24.8± 3.2 24.9± 3.3 0.148
WC (cm) 88.9± 10.2 86.2± 8.8 87.4± 9.5 <0.001
SBP (mmHg) 135.1± 18.3 133.3± 18.5 134.1± 18.4 0.002
DBP (mmHg) 83.8± 12.4 82.2± 11.7 82.9± 12.1 <0.001
FPG (mmol/L) 5.5± 0.8 5.4± 0.8 5.5± 0.8 <0.001
TG (mmol/L) 1.5± 0.8 1.5± 0.7 1.5± 0.7 0.493
HDL-C (mmol/L) 1.3± 0.3 1.4± 0.3 1.3± 0.3 <0.001
MS (%) 664 (37.7) 1075 (48.5) 1739 (43.7) <0.001
Abdominal obesity 768 (43.6) 1680 (75.7) 2448 (61.5) <0.001
High blood pressure 1187 (67.4) 1324 (59.7) 2511 (63.1) <0.001
High glucose 727 (41.3) 780 (35.2) 1507 (37.9) <0.001
High triglycerides 624 (35.4) 802 (36.2) 1426 (35.8) 0.646
Low levels of HDL-C 372 (21.1) 849 (38.3) 1221 (30.7) <0.001
FVC % predicted 75.5± 15.5 77.5± 15.4 76.6± 15.5 <0.001
FVC (L) 2.7± 0.6 2.1± 0.5 2.4± 0.6 <0.001
FEV1 % predicted 75.2± 15.2 74.2± 14.9 74.6± 15.0 0.043
FEV1 (L) 2.1± 0.5 1.7± 0.4 1.9± 0.5 <0.001
FEV1/FVC ratio 80.1± 11.8 80.9± 11.5 80.6± 11.7 0.198
OLD (%) 280 (15.9) 314 (14.2) 594 (14.9) 0.068
RLD (%) 883 (50.2) 1071 (48.3) 1954 (49.1) 0.125

Table 2: Regression coefficients of each metabolic component individually entered into adjusted models for predicting FVC (% predicted),
FEV1 (% predicted), and FEV1/FVC ratio.

FVC (% predicted) FEV1 (% predicted) FEV1/FVC ratio
Men Women Men Women Men Women

Variables β (SE) β (SE) β (SE) β (SE) β (SE) β (SE)
WC (cm) −0.067 (0.038)∗∗ 0.041 (0.039) −0.057 (0.039)∗ 0.037 (0.038) 0.041 (0.030) 0.007 (0.030)
SBP (mmHg) −0.070 (0.028)∗ −0.058 (0.028) −0.080 (0.029)∗ −0.017 (0.028) −0.005 (0.023) 0.030 (0.022)
DBP (mmHg) 0.100 (0.040)∗∗ 0.068 (0.042)∗ 0.068 (0.041)∗ 0.037 (0.042) −0.028 (0.032) −0.014 (0.032)
FPG (mmol/L) 0.056 (0.450)∗ 0.034 (0.429) 0.028 (0.459) 0.007 (0.424) −0.032 (0.359) −0.014 (0.329)
TG (mmol/L) −0.003 (0.499) −0.028 (0.464) 0.032 (0.509) −0.007 (0.459) 0.038 (0.398) 0.021 (0.357)
HDL-C (mmol/L) −0.068 (1.233)∗∗ −0.136 (1.120)∗∗∗ −0.029 (1.257) −0.100 (1.109)∗∗∗ 0.054 (0.984)∗ 0.013 (0.861)
Data were calculated usingmultiple linear regression. Adjustments were made for age and family income group.WC, waist circumference; SBP, systolic blood
pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; FVC, forced vital
capacity; FEV1, forced expiratory volume in 1 s; SE, standard error. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001.
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consistent with that of previous studies [14, 21, 22]: after
adjusting for age and family income group, WC was one of
the MS components related to FVC and FEV1 reduction
among men. To date, central obesity (abdominal obesity) is
considered to be a common cause of metabolic and car-
diovascular diseases in adults, including hyperglycemia,
hypertension, and dyslipidemia. Central obesity is also
considered the main component of MS [23]. Recent studies
have mostly shown that the connection between MS and a
weakened lung function is mainly based on abdominal
obesity. WC is one of the diagnostic indicators of abdominal
obesity, which is related to the decline of lung function [24].
Excessive abdominal fat in patients with central obesity
might limit the expansion of the diaphragm, producing a
mechanical effect on the lungs. As there are sex differences in
the respiratory movement and fat distribution of the chest
wall and abdominal wall, the impact on lung function also
differs between men and women [25]. Furthermore, MS is
characterized by systemic inflammation, which results from
endothelial dysfunction that can lead to impaired organ
system function [26, 27]. Moreover, this study found that
there were significantly more male smokers than female
smokers, and it has been reported that systemic inflam-
mation can be caused by long-term exposure to cigarette
smoke [28].-erefore, among active smokers withMS, there
are two sources of inflammation: visceral fat and lung ex-
posure to cigarette smoke. -e combined effect of these two
sources may increase the occurrence of systemic inflam-
mation, which can lead to an increase in endothelial dys-
function and a rapid decline in lung function.

Notably, HDL-C is an important component of MS and
its increase was significantly related to the decrease in FVC
and FEV1 in the participants of this study. A study in a
representative sample in the United States reported results
consistent to those generated in this study and suggested that
low levels of HDL-C is associated with impaired lung
function [12]. A small case-control study on the relationship
between MS and COPD showed that the HDL level of the
COPD group was crucially lower than that of the control
group (47.1% vs 58%) [29]. Moreover, a small population
study [30] found that participants with normal or high levels
of HDL-C had lower FVC than those with low levels of
HDL-C. -e pathophysiological role between the two is still
uncertain. It is generally believed that chronic inflammation
can accelerate atherosclerosis, which is achieved by changing
the HDL level and its capability to advance reverse cho-
lesterol transport [31, 32]. Because this lipoprotein has anti-
fungal, anti-inflammatory, anti-oxidant, and even anti-

apoptotic functions, it is expected to play a beneficial role in
lung function [33–35]. However, another study suggested
that although there was a negative association between
HDL-C and FEV1 and FVC, it cannot indicate lung in-
volvement, despite the statistical significance [36].

However, the role of HDL-C has become more clearly
understood in recent years, especially as a protective factor
against atherosclerosis. In fact, it has been realized that the
ability to resist inflammation and to mobilize cholesterol is
significantly affected by the oxidation of HDL-related
proteins and that even dysfunctional HDL may also have
pro-inflammatory effects. -is new understanding of the
physiological function of HDL-C may partially explain the
result of this study (i.e., the higher the HDL-C level, the
smaller the lung capacity) [37]. Meanwhile, a genetic and
molecular study showed that changes in the gene expression
of apolipoproteinM (APOM), a lipoprotein related to HDL-
C, can change the quality and function of HDL-C. -e study
found that two polymorphisms of APOM-related genes are
related to lung function decline in two ethnic groups (Af-
rican-American and European-American). Further, studies
have also found that high levels of HDL-C are related to a
decrease in the FEV1/FVC ratio [38].

Contrary to previous studies, this study found that MS
and OLD were negatively correlated in women, whereas the
MS score was negatively correlated with the incidence of
OLD [16, 39, 40]. However, after a careful observation of the
relationship between MS components and OLD, this study
found that HDL-C plays a more vital role than other
metabolic components and is notably negatively correlated
with FEV1 and FVC in women.-is result is consistent with
a previous study that found that, in a model without variable
adjustment, Japanese patients with stage I airflow obstruc-
tion (FEV1/FVC< 70%, FEV1≥ 80% of predicted value)
were at a lower risk of MS than patients with normal lung
function [17].

-e findings of this study highlight the connection be-
tween MS and its components (especially abdominal obesity
and low levels of HDL-C) and lung function in the Chinese
population. -erefore, in the case of impaired lung function,
the possibility of this relationship should not be overlooked.
However, this study had some limitations. -is was a cross-
sectional study of the relationship between MS and its
components and decreased lung function. Owing to this
study design, a causal relationship cannot be determined. In
addition, although many possible variables were selected in
this study, it is inevitable that some other variables were
omitted.

Table 3: Odds ratios for RLD and OLD in metabolic syndrome.

Variable
RLD OLD

Men Women Men Women
MS (%) 38.2 48.7 32.9 40.8
Crude OR (95% CI) 1.038 (0.856-1.259) 1.021 (0.865-1.207) 0.777 (0.593-1.018) 0.695 (0.546-0.886)
Adjust OR (95% CI)
Model 1 1.043 (0.858-1.268) 0.942 (0.794-1.116) 0.772 (0.589-1.013) 0.682 (0.534-0.872)
Model 2 0.968 (0.777-1.206) 0.927 (0.773-1.111) 0.825 (0.609-1.117) 0.738 (0.568-0.959)
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5. Conclusions

-e current study shows that MS and its components are
related to impaired lung function, and the intensity and di-
rection of this relationship vary. -is finding suggests that in
the presence of differentmetabolic health conditions, especially
abdominal obesity and low levels of HDL-C, various metabolic
indicators should be comprehensively considered to prevent
the decline of lung function.-is partly explains the increase in
the incidence of two ormore chronic diseases. Accordingly, the
prevention of chronic diseases should shift from single-disease
prevention to a comprehensive consideration of multi-disease
prevention in the future.

Abbreviations

COPD: Chronic obstructive pulmonary disease
MS: Metabolic syndrome
OLD: Obstructive lung disease
RLD: Restrictive lung disease
BMI: Body mass index
WC: Waist circumference
SBP: Systolic blood pressure
DBP: Diastolic blood pressure
FPG: Fasting plasma glucose
TG: Triglycerides
HDL-C: High-density lipoprotein cholesterol
FVC: Forced vital capacity
FEV1: Forced expiratory volume in 1 s.

Data Availability

-e data used to support the findings of this study are
available from the corresponding author upon request.
Yuhong Zhang: zhabour@163.com.

Ethical Approval

All study investigations were approved by the Ethical
Committee of Ningxia Medical University and were per-
formed according to the Declaration of Helsinki (no. 2018-
012).

Disclosure

Faxuan Wang and Di Tian co-first authors.

Conflicts of Interest

-e authors declare that they have no conflicts of interest.

Authors’ Contributions

Faxuan Wang and Di Tian contributed equally to this work.
FW and YH designed the study and drafted the outline. YZ,
FW, DT, and XC were involved in data collection. DTand JL
analyzed the data, wrote the original draft, and reviewed and
edited the manuscript. JY and YZ critically reviewed and
revised the manuscript. Finally, all authors read and ap-
proved the manuscript content.

Acknowledgments

-is work was supported by the National Key Research and
Development Project Ningxia Cohort from China North-
west Cohort (2017YFC0907204) and the Ningxia Medical
University scientific research project. -e authors thank the
research team for their contribution to the collection of
survey data. Additionally, the authors thank the participants
for their agreement to take part in the present study and the
management of the villages for organizing the local resi-
dents. -is manuscript was submitted as a pre-print at
https://www.researchsquare.com/article/rs-46713/v1.

References

[1] A. S. Buist, M. A. Mcburnie, and W. M. Vollmer, “Interna-
tional variation in the prevalence of COPD (-e BOLD
Study): a population-based prevalence study (vol 370, pg 741,
2007),” Lancet, vol. 380, no. 9844, p. 806, 2012.

[2] L. Jieyu and W. Jiaxiang, “Global, regional and national
disability-adjusted life-years (DALYs) for 359 diseases and
injuries and healthy life expectancy (HALE) for 195 countries
and territories, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017,” Lancet, vol. 392, no. 10159,
pp. 1859–1922, 2018.

[3] N. Zhong, C. Wang, W. Yao et al., “Prevalence of chronic
obstructive pulmonary disease in China,” American Journal of
Respiratory and Critical Care Medicine, vol. 176, no. 8,
pp. 753–760, 2007.

[4] S. Sundeep, “Global, regional, and national life expectancy,
all-cause mortality, and cause-specificmortality for 249 causes
of death, 1980-2015: a systematic analysis for the Global
Burden of Disease Study 2015,” Lancet (London, England),
vol. 388, no. 10053, pp. 1459–1544, 2016.

[5] L. M. Fabbri, F. Luppi, B. Beghe, and K. F. Rabe, “Complex
chronic comorbidities of COPD,” European Respiratory
Journal, vol. 31, no. 1, pp. 204–212, 2008.

[6] L. M. Fabbri and K. F. Rabe, “FromCOPD to chronic systemic
inflammatory syndrome?” 6e Lancet, vol. 370, no. 9589,
pp. 797–799, 2007.

[7] S. M. Grundy, J. I. Cleeman, S. R. Daniels et al., “Diagnosis and
management of the metabolic syndrome,” Cardiology in
Review, vol. 13, no. 6, pp. 322–326, 2005.

[8] H.-M. Lakka, D. E. Laaksonen, T. A. Lakka et al., “-e
metabolic syndrome and total and cardiovascular disease
mortality in middle-aged men,” JAMA, vol. 288, no. 21,
pp. 2709–2716, 2002.

[9] D. M. Mannino, E. S. Ford, and S. C. Redd, “Obstructive and
restrictive lung disease and markers of inflammation: data
from the -ird National Health and Nutrition Examination,”
6e American Journal of Medicine, vol. 114, no. 9, pp. 758–
762, 2003.

[10] D. Canoy, R. Luben, A. Welch et al., “Abdominal obesity and
respiratory function in men and women in the EPIC-Norfolk
Study, United Kingdom,” American Journal of Epidemiology,
vol. 159, no. 12, pp. 1140–1149, 2004.

[11] M. Weiden, S. Kwon, E. Caraher et al., “Biomarkers of world
trade center particulate matter exposure: physiology of distal
airway and blood biomarkers that predict FEV1 decline,”
Seminars in Respiratory and Critical Care Medicine, vol. 36,
no. 03, pp. 323–333, 2015.

8 Evidence-Based Complementary and Alternative Medicine

mailto:zhabour@163.com
https://www.researchsquare.com/article/rs-46713/v1


[12] W. L. Chen, C. C. Wang, L. W. Wu et al., “Relationship
between lung function and metabolic syndrome,” PLoS One,
vol. 9, no. 10, Article ID e108989, 2014.

[13] W.-Y. Lin, C.-A. Yao, H.-C. Wang, and K.-C. Huang, “Impaired
lung function is associated with obesity andmetabolic syndrome
in adults,” Obesity, vol. 14, no. 9, pp. 1654–1661, 2006.

[14] F. L. Fimognari, P. Pasqualetti, L. Moro et al., “-e association
between metabolic syndrome and restrictive ventilatory
dysfunction in older persons,” 6e Journals of Gerontology
Series A: Biological Sciences and Medical Sciences, vol. 62,
no. 7, pp. 760–765, 2007.

[15] K. Nakajima, Y. Kubouchi, T. Muneyuki, M. Ebata, S. Eguchi,
and H. Munakata, “A possible association between suspected
restrictive pattern as assessed by ordinary pulmonary function
test and the metabolic syndrome,” Chest, vol. 134, no. 4,
pp. 712–718, 2008.

[16] K.-B. H. Lam, R. E. Jordan, C. Q. Jiang et al., “Airflow ob-
struction and metabolic syndrome: the Guangzhou biobank
cohort study,” European Respiratory Journal, vol. 35, no. 2,
pp. 317–323, 2010.

[17] Y. Funakoshi, H. Omori, S. Mihara, T. Marubayashi, and
T. Katoh, “Association between airflow obstruction and the
metabolic syndrome or its components in Japanese men,”
Internal Medicine, vol. 49, no. 19, pp. 2093–2099, 2010.

[18] Standardization of Spirometry, “Update. American thoracic
society,” American Journal of Respiratory and Critical Care
Medicine, vol. 152, no. 3, pp. 1107–1136, 1994.

[19] K. G. M. Alberti, P. Zimmet, and J. Shaw, “-e metabolic
syndrome-a new worldwide definition,” 6e Lancet, vol. 366,
no. 9491, pp. 1059–1062, 2005.

[20] J. I. Cleeman, S. M. Grundy, D. Becker et al., “Executive
summary of the -ird Report of the National Cholesterol
Education Program (NCEP) expert panel on detection,
evaluation, and treatment of high blood cholesterol in adults
(Adult Treatment Panel III),” Jama-Journal of the American
Medical Association, vol. 285, no. 19, pp. 2486–2497, 2001.

[21] Y. Y. Lee, Y. C. Tsao, C. K. Yang et al., “Association between
risk factors of metabolic syndrome with lung function,”
European Journal of Clinical Nutrition, vol. 74, no. 5,
pp. 811–817, 2019.

[22] Y.-J. Paek, K.-S. Jung, Y.-I. Hwang, K.-S. Lee, D. R. Lee, and
J.-U. Lee, “Association between low pulmonary function and
metabolic risk factors in Korean adults: the Korean National
Health and Nutrition Survey,” Metabolism, vol. 59, no. 9,
pp. 1300–1306, 2010.

[23] J.-P. Després and I. Lemieux, “Abdominal obesity and met-
abolic syndrome,” Nature, vol. 444, no. 7121, pp. 881–887,
2006.

[24] Y. Yamamoto, J. Oya, T. Nakagami et al., “Association be-
tween lung function and metabolic syndrome independent of
insulin in Japanese men and women,” Japanese Clinical
Medicine, vol. 5, pp. 1–8, 2014.

[25] H. Kaneko and J. Horie, “Breathing movements of the chest
and abdominal wall in healthy subjects,” Respiratory Care,
vol. 57, no. 9, pp. 1442–1451, 2012.

[26] A. M. -ompson, Y. H. Zhang, W. J. Tong et al., “Association
of inflammation and endothelial dysfunction with metabolic
syndrome, prediabetes and diabetes in adults from Inner
Mongolia, China,” Bmc Endocrine Disorders, vol. 11, 2011.

[27] M. Takeno, S. Yasuda, Y. Otsuka et al., “Impact of metabolic
syndrome on the long-term survival of patients with acute
myocardial infarction potential association with C-reactive
protein,” Circulation Journal, vol. 72, no. 3, pp. 415–419, 2008.

[28] R. P. Tracy, B. M. Psaty, E. Macy et al., “Lifetime smoking
exposure affects the association of C-reactive protein with
cardiovascular disease risk factors and subclinical disease in
healthy elderly subjects,” Arteriosclerosis, 6rombosis, and
Vascular Biology, vol. 17, no. 10, pp. 2167–2176, 1997.

[29] N. M. Ameen, R. S. El Deen Mohamed, N. I. A. El Mageed,
and M. H. A. El Wahab, “-e metabolic syndrome in patients
with chronic obstructive pulmonary disease,” Egyptian
Journal of Chest Diseases and Tuberculosis, vol. 65, no. 3,
pp. 593–596, 2016.

[30] S. Huerta-Ramirez, A. Paniagua-Perez, D. Castro-Serna et al.,
“Effect of the components of the metabolic syndrome on
pulmonary function. -e unexpected role of high-density
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