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Our study examined how metabolic syndrome (MetS) affects the risk of small airway dysfunction 
(SAD) and its progression to chronic obstructive pulmonary disease (COPD). We also investigated the 
role of inflammation in mediating these effects. We included 13,948 non-COPD participants, aged 40 
years and with a pulmonary function test, from multiple communities (Longquan, Mianzhu, and Pidu), 
and subsequently followed up the Longquan community after 3 years. Logistic models estimated the 
association between MetS and SAD risk, adjusted for confounders. Furthermore, a mediation analysis 
approach was employed to estimate the proportion of effect mediated by each marker of inflammation 
(e.g., the low-grade inflammation index) on the observed association. In West China Natural 
Population Cohort Study(WCNPCS), compared to the non-MetS group, individuals with MetS showed 
a significantly higher prevalence of SAD (odds ratio [OR] = 1.12, 1.02–1.22); however, this was not 
significant in women. For MetS components, high triacylglycerols(HTG), low high-density lipoprotein 
cholesterol (LHDL-C) and abdominal obesity (AO) were independent risk factors for SAD, which is 
consistent with men (OR = 1.09–1.33). In addition, the more metabolic disorder components, the 
higher the prevalence of SAD (P < 0.05). Further, when MetS as well as SAD outcomes were considered 
together, the incidence of COPD in individuals with both these irregularities was considerably higher 
(9-fold). Inflammation (the proportion of effect mediated: 14.3–28.6%) played a substantial mediating 
role in the observed association in Chinese participants. MetS is consistently linked to SAD and may 
facilitate progression from SAD to COPD; its components, HTG, LHDL-C and AO, were associated 
with a significantly increased risk of COPD. The observed associations were partly mediated by 
inflammation. Treating MetS may be an effective strategy for the prevention of the development of 
COPD.
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Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality worldwide as well 
as being a major incurable global health burden1. Using the Global Initiative for Chronic Obstructive Lung 
Disease(GOLD) definition, The prevalence of COPD among people aged 30–79 years was 10.3% in 20192. With 
increasing aging populations in high-income countries, the prevalence of COPD is expected to rise. Small 
airways are generally defined as airways with a luminal diameter < 2 mm. Small airway dysfunction (SAD) is 
therefore considered a precursor of COPD3. The global prevalence of SAD currently lacks official data, with 
available prevalence estimates ranging from 6.4–53.8%4,5, while the prevalence of SAD in China is as high as 
43.5%6. People with SAD are more likely to develop COPD in the future6. Assessment of Renal and Cervical 
Artery Dysplasia-Poland(ARCADIA) study found that the severity of SAD is related to acute exacerbations 
of COPD (AECOPD) and mortality7. GOLD emphasized the clinical importance of SAD recognition in the 
implementation of earlier interventions8. However, little is known about what determines this progression.

Earlier observational reports have described that Mets was associated with an increased risk of COPD9. And 
COPD can also predispose to Metabolic syndrome (MetS). MetS includes obesity, dysglycemia, hypertension, 
hypertriglyceridemia, and low high-density lipoprotein cholesterol (LHDL-C) levels, which were inversely 
related with lung function, especially obesity10. The prevalence of metabolic syndrome (MetS) and its components 
increases significantly with age, particularly after the 40 years11. Previous studies have demonstrated that the 
components of Mets (diabetes and hypertension) can affect small airway function12,13. Inflammation, smoking, 
physical inactivity and adipokine dysregulation may contribute to the link between MetS and SAD or COPD14,15. 
However, knowledge is lacking regarding the correlation between MetS and SAD, and evidence of Mets to predict 
SAD progression to COPD. Therefore, the aim of the current study was to investigate this association among 
Chinese individuals aged 40 years and older who completed a 3-year follow-up and We also investigated the role 
of inflammation in mediating these effects.

Methods
Study population and design
Cross-sectional study data were taken from the Natural Population Cohort Study of West China Hospital of 
Sichuan University, a longitudinal study conducted in communities that was started in Longquan in 2019 (with 
the first wave in 2019 and the second in 2020), in Mianzhu in 2020, and in Pidu in 202116. In brief, baseline data 
for 13,948 non-COPD participants aged 40 years with a pulmonary function test from multiple communities 
(Longquan, Mianzhu, and Pidu) were selected. The investigators underwent extensive training with regard to 
the study questionnaire and outcome measures prior to the beginning of the investigation. Participants were 
excluded according to the following parameters: pregnancy, lack of mobility, old age (> 85 years of age), weakness, 
communication barriers, poor compliance, history of long-term chronic disease, recent acute disease, those with 
one of the following diseases in the previous 6-month period: liver cirrhosis, stroke, myocardial infarction and 
malignant tumour; and those with respiratory diseases, such as chronic obstructive pulmonary disease, asthma, 
and bronchiectasis, among others.

Each participant provided written informed consent relating to their participation in this study. In accordance 
with the ethics standards in the Declaration of Helsinki, ethics approval for this study was obtained from the 
Ethics Committee of West China Hospital of Sichuan University.

Follow-up study
The longitudinal analysis was restricted to 1,667 participants with a pulmonary function test recruited in the 
Longquan region in September 2020, with approximately 3 years of follow-up to August 2023. The occurrence 
of COPD incorporated new self-reports of physician-diagnosed COPD (acquired yearly), and newly diagnosed 
COPD by pulmonary function test (during the third year).

MetS and its components
MetS was defined based according to International Diabetes Federation criteria17 when three of the following 
five components were present: (1) abdominal obesity (AO): waist circumferenc (WC) ≥ 90  cm in men and 
≥ 80 cm in women (specific cut-off value for Asians); (2) High fasting plasma glucose (HFPG) ≥ 5.6 mmol/L or 
the use of glucose-lowering drugs; (3) High blood pressure (HBP): systolic BP ≥ 130 mmHg or diastolic BP ≥ 85 
mmHg or receiving antihypertensive medications; (4) Low high-density lipoprotein cholesterol (LHDL-C): 
fasting HDL-C < 1.0 mmol/L in men and < 1.3 mmol/L in women; (5) High triglycerides (HTG): fasting TG ≥ 1.7 
mmol/L or use of lipid-modifying drugs.

We briefly describe how BP, WC, and lipid and glucose levels were measured: During the baseline interview, a 
physical examination was carried out, during which BP was measured at the right brachial artery three times in a 
seated position, at 5-min intervals, using an automatic sphygmomanometer. Waist circumference was measured 
horizontally around the narrowest part of the torso, between the lowest rib and the iliac crest. Blood samples 
were obtained the morning following an 8-h overnight fast. FPG, TG, and HDL-C were determined by a glucose 
oxidase method, colorimetric enzyme assays, as well as endpoint colorimetry respectively.

SAD and COPD
A pulmonary function test was performed by trained medical technicians using a portable spirometer 
(MasterScreen Pneumo, Hoechberg, Germany) according to the guidelines of the American Thoracic Society/
European Respiratory Society. The indicators of forced expiratory flow (FEF)50%, FEF75% and FEF25–75%, also 
known as maximum midexpiratory flow, are the most frequently used to evaluate the function of small airways. 
It is now generally accepted that SAD exists when two of the above three indicators are below the expected 
value of 65%18. The forced expiratory volume in one second divided by forced vital capacity (FEV1/FVC) was 
commonly used for assessing airflow limitation, with FEV1/FVC < 0.7 indicating the presence of COPD1.
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Mediators: low-grade inflammation
Low-grade inflammation index(LGII) was included in 10 tiles of leukocyte (WBC, ×109/L) and platelet counts 
(×109/L), and the granulocyte-to-lymphocyte ratio (G/L ratio). Specifically, the three indicators in the population 
were distributed in tenth place, where the highest (7th to 10th) had a positive score of 1 to 4 points, the lowest 
(1st to 4th) had a negative score of -4 to -1 points, and the middle (5th to 6th) was 0 points. A total score for low-
grade inflammation (between − 12 and 12) was calculated for each person. An increase in the score represented 
an increase in the intensity of low-grade inflammation19.

Covariates
During the baseline interview, all participants were asked about their gender, age, history of diabetes and 
hypertension, smoking history, alcohol intake and Physical activity. A detailed smoking history was obtained 
and individuals classified as: never, occasionally, former or current smokers. Drinking was defined as more than 
30 g per week in the last 12 months. Physical activity was classified as: Never or few, 2–3 times/month, 1–2 times/
week, > 3 times/week.

Statistical analysis
The statistical package, SPSS 19.0, was used for statistical analysis. Continuous variables were expressed as the 
mean ± SD, and two-sided P < 0.05 was considered statistically significant. Continuous variables were analyzed 
using one-way analysis of variance. If the difference was statistically significant, a Bonferroni method was used 
for pairwise comparison. Categorical variables were analyzed via a χ2 test. Logistic regression was used to evaluate 
the influence of factors related to MetS on SAD. A mediation analysis approach based on the bootstrap method 
proposed by Preacher and Hayes through R-packet ‘mediating’ to explore whether inflammation could be modes 
or mechanisms by which Mets influences on the SAD20. All inflammatory indicators were standardized prior 
to the analysis. The mediation model was adjusted for gender, age, job, smoking, alcohol, BMI and physical 
activity. To examine the potential nonlinear relationships between the five components of metabolic syndrome 
and subclinical atherosclerosis disease (SAD), restricted cubic spline (RCS) regression analysis was conducted. 
The statistical analyse was performed with R software version 4.3.1.

Results
The 13,498 participants ranged in age from 40 to 85 years (53.83 ± 10.21 years). Of these, 3,330 (24.7%) were 
patients with MetS, and more women (2,349, 17.4%) than men ( 981, 7.3%) were classified with MetS. Compared 
to those without MetS, the mean age of individuals with MetS was 4.72 years older.The levels of FPG, TG, LDL-C, 
WC, systolic BP, diastolic BP, WBC, granulocytes and low-grade inflammation in the MetS population were 
significantly higher than those in the non-MetS population (P < 0.001). Conversely, the levels of HDL-C and 
FEF25–75% in the non-MetS population were significantly higher than those in the MetS population (P < 0.01; 
Table 1).

The prevalence of SAD in Mets was 64.62% (Figure S1), and a greater proportion of women(66.96%) than 
men (59.02%) were classified with SAD (P < 0.05). The prevalence of SAD increased steadily with the number of 
Mets components (Figure S2).

Association of individual MetS components with risk of SAD
MetS was significantly correlated with the occurrence of SAD and was a risk factor for SAD (odds ratio [OR] = 1.12, 
95% confidence interval [CI] 1.02 to 1.22). HTG(OR = 1.09, 95% CI 1.01 to 1.17), LHDL-C (OR = 1.25, 95% CI 
1.12 to 1.39) and AO (OR = 1.17, 95% CI 1.07 to 1.28) were found to be independent risk factors for SAD. For 
SAD, four components (OR = 1.31) showed the highest OR, followed by three (OR = 1.14) components (Fig. 1).

The association of individual MetS components with the risk of SAD by gender
After adjusting for age, job, smoking, alcohol, BMI and physical activity, the relationship between Mets and 
SAD in women (OR: 1.05; 95% CI: 0.94–1.17; P = 0.42) was found not to be significant. The variables, LHDL-C 
and AO, were independent risk factors for SAD (OR: 1.22; 95% CI: 1.08–1.37; P = 0.001 and OR: 1.15; 95% CI: 
1.04–1.28; P = 0.007). MetS was found to be an independent risk factor for SAD in men after adjusting for age, 
job, smoking, alcohol, BMI and physical activity (OR: 1.28; 95% CI: 1.09–1.50; P = 0.002). The variables, HTG, 
LHDL-C and AO were independent risk factors for SAD (OR: 1.16; 95% CI: 1.01–1.31; P = 0.03, OR: 1.33; 95% 
CI: 1.04–1.70; P = 0.02 and OR: 1.21; 95% CI: 1.02–142; P = 0.03) (Table 2).

The relationship between components of metabolic syndrome and SAD
A significant nonlinear association was observed between FPG, TG, HDL-C, SBP, and SAD in the fully adjusted 
restricted cubic spline (RCS) regression model ( p for nonlinearity < 0.05). However, no nonlinear relationship 
was found between WC, DBP and SAD.(Fig. 2)

Development of COPD
A total of 1,667 participants with a pulmonary function test were followed up. in longquan. From baseline 
to 76 (4.56%), participants who progressed to COPD underwent a pulmonary function test. The population 
was divided into Normal group, isolated SAD group, isolated Mets group, and MetS + SAD group. Of the 76 
participants with incident COPD, seven (0.94%) were in the Nomal group, 52 (8.86%) in the isolated SAD 
group, three (1.68%) in the isolated MetS group, and 14 (9.09%) in the MetS + SAD group. The cumulative total 
progression rate to COPD was highest in the MetS + SAD group (9.09%, P < 0.05), followed by isolated SAD 
group (8.86%), isolated MetS group (1.69%), and Nomal group(0.94%). If the relative risk of Nomal group, to 
COPD after a 3-year follow-up was set to 1, after adjusting for age, job, smoking, alcohol, BMI and physical 
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activity, the risk of progression to COPD in isolated SAD group, isolated MetS, and MetS + SAD groups was 
increased 7.80 times (95% CI 3.33–23.26), 0.03 times (95% CI 0.21–5.12), and 9.36 times (95% CI 4.58–23.46), 
respectively (Table 3).

Role of inflammation
For the observed associations between MetS and SAD risk, WBC, neutrophile granulocyte(NEU) and LGII 
played significant mediated effects, albeit with varying degrees of magnitude. For the SAD prevalence risk, 
WBC, NEU, and LGII had effects ranging from 14.3–28.6% (Fig. 3). For the observed associations between MetS 
and COPD incidence, WBC, NEU and LGII showed non-significant effects.

Abbreviations: MetS, metabolic syndrome. WBC: White blood cell. NEU: Nranulocyte. LGII: Low-grade 
inflammation index. Notes: adjusted for gender, age, job, smoking, alcohol, BMI and physical activity.

Discussion
Our research across a community-based cohort in China investigated whether MetS can increase the risk of 
SAD and the likelihood of developing COPD and the role of inflammation in mediating these effects. We found 
that, compared to the non-MetS group, individuals with MetS showed a significantly higher prevalence of SAD. 
Furthermore, the current study also assessed the effect of MetS on the progression from SAD to COPD among 
the general population in Western China. When MetS as well as SAD outcomes were considered together, the 
incidence of COPD in individuals with both these irregularities was considerably higher (9-fold). In addition, we 
also found that the MetS components, HTG, LHDL-C and AO, were independent risk factors for SAD. Notably, 
the relationship between MetS and SAD was significantly mediated by inflammation. These insights suggest that 

Variable
Non-MetS
(n = 10618 76.1%)

MetS
(n = 3330 23.9%) F□ p□

Gender(N,%)

Male 3239(24.0%) 981(7.3%)
1.313 0.252

Female 7379(54.7%) 2349(17.4%)

Age, mean (SD) 51.72 ± 10.46 56.44 ± 9.24 543.583 < 0.001

work

0.312 0.577unemployment 6375(60.05) 1981(59.51)

employment 4241(39.95) 1348(40.49)

Smoking(N,%)

4.313 0.230

Current 1375(12.97) 418(12.57)

Occasionally 118(1.11) 46(1.38)

Never 8672(81.80) 2703(81.29)

Ever 437(4.12) 158(4.75)

Alcohol (N,%)

1.893 0.388
Yes 2524(23.80) 753(22.65)

No 7707(72.68) 2450(73.71)

Ever 373(3.52) 121(3.64)

Metabolic Components

FPG (mmol/l) 5.04 ± 1.05 6.09 ± 2.00 1547.388 < 0.001

TG (mmol/l) 1.43 ± 0.95 2.77 ± 2.15 2555.669 < 0.001

HDL-C (mmol/l) 1.80 ± 0.47 1.46 ± 0.43 1379.803 < 0.001

SBP (mmHg) 124.16 ± 16.33 137.06 ± 15.33 1625.605 < 0.001

DBP (mmHg) 78.36 ± 9.63 84.36 ± 9.32 995.457 < 0.001

WC(cm) 79.64 ± 8.05 88.13 ± 7.54 2902.817 < 0.001

Inflammatory biomarkers

WBC( *109/L) 5.47 ± 1.33 5.95 ± 1.38 324.834 < 0.001

granulocyte ( *109/L) 3.31 ± 1.06 3.61 ± 1.07 194.713 < 0.001

granulocyte-to-lymphocyte ratio(G/L) 2.09 ± 0.88 2.09 ± 0.82 0.012 0.913

Low-grade inflammation -0.83 ± 6.97 1.51 ± 7.02 275.394 < 0.001

FEV 1 / FVC 80.46 ± 82.52 79.14 ± 5.32 0.847 0.357

FEF25-75 0.70 ± 0.21 0.67 ± 0.22 46.616 < 0.001

FEF75 0.81 ± 11.77 0.56 ± 0.77 1.502 0.220

FEF50 0.82 ± 0.25 1.07 ± 14.15 3.344 0.067

Table 1.  Baseline characteristics of subjects in non-MetS and MetS Groups Abbreviations: MetS, metabolic 
syndrome. FBG: fasting plasma glucose. TG: Triglyceride. HDL-C: high-density lipoprotein cholesterol. SBP: 
systolic blood pressure. DBP: diastolic blood pressure. WC: Waist circumference. WBC: White blood cell. 
FEV1:forced expiratory volume in one second. FVC: forced vital capacity. FEF: forced expiratory flow.
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modifying MetS, along with targeting inflammation, may be effective strategies for reducing the risk of SAD and 
COPD.

SAD typically occurs during the onset of COPD symptoms or a decline in lung function and is often 
evident before imaging changes become apparent21. SAD occurs in patients at all stages of COPD, manifesting 
as inflammation and remodelling which progresses to airway destruction22. A 5-year follow-up prospective 
study found that 70.4% of patients with COPD exhibited SAD and emphysema and 23.0% of patients with the 
Tissue→Airway subtype in which SAD and emphysema preceded large airway wall abnormalities and 8.7% of 
subjects without SAD progressed to COPD23. This is higher than the 8.91% observed in patients with SAD in our 
study. This difference may be attributed to the short follow-up period in this study and the use of GOLD stage 2 
diagnostic criteria for COPD.

MetS is a serious public health concern that not only increases the risk of cardiovascular disease and all-
cause mortality24 but is also closely linked to the respiratory condition, COPD9. No study has evaluated the 
association between MetS and SAD; But, there are few studies on metabolic syndrome and COPD. A cross-
sectional analysis of Israeli adults insured with a single health maintenance organization during 2010 to 2013 

Fig. 1.  Comparisons of the odds ratios for small airways disease (SAD) based on the components and the 
number of components of metabolic syndrome.
 Notes: Model adjusted for age, gender, Job, Smoking, Alcohol, BMI and physical activity. Abbreviations: MetS, 
metabolic syndrome; CI, confidence interval; HBP, high blood pressure; AO, abdominal obesity; HTG, high 
triacylglycerols; HFPG, high fasting plasma glucose; LHDL-C, low high-density lipoprotein cholesterol.
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revealed that MetS was not associated with COPD25. In a Chinese sample, airflow obstruction was found to be 
associated with MetS, particularly its central obesity component26. The largest cross-sectional studies in a French 
population of 121,965 adults showed that after adjusting for sex, age, smoking status, alcohol consumption, 
education, BMI, and physical activity, MetS was associated with a greater impairment in lung function (defined 
as FEV1 or FVC < lower limit of normal)10. In a UK Biobank Study, They found that MetS was associated with 
an increased 24% risk of subsequent developed COPD9. In our cohort study, MetS was significantly associated 
with a increased risk of SAD and increasing the progression of SAD to COPD. Interleukin (IL)-6 and C-reactive 
protein are key characteristic of MetS and these inflammatory markers are also closely associated with the 
occurrence and progression of COPD27,28.

Our study revealed a significant relationship between MetS and SAD in men, which was not observed in 
women. This is consistent with a Korean study, which demonstrated an association between MetS and COPD 
only in men29. The disparity in results may be attributed to historic patterns of smoking and occupational 
exposures in men2. With regard to the components of MetS, we found a significant association between HTG, 
LHDL, AO and SAD. This is consistent with Previous researchs. A large-scale retrospective cohort demonstrated 
that patients with hyperlipidemia presented a 1.48-fold greater risk of subsequently developing COPD than 
individuals without hyperlipidaemia30. Another study demonstrated that TG exhibits a positive correlation with 
COPD31. Shared pathogenic mechanisms, such as chronic systemic inflammation, endothelial dysfunction and 
oxidative stress, may contribute to this association30,31. In a Chinese cohort study, after adjustment for BMI, waist 
circumference showed a positive association with the risk of COPD32. A meta-analysis found that measures of 
lung function decreased among obese adults33. The possible mechanism underlying the association between AO 
and SAD or COPD is related to inflammation34.However, in our study, no significant association was observed 
between HFPG, HBP and SAD. A plausible explanation for this observation may lie in the fact that individuals 
with HFPG and HBP are typically undergoing FPG and BP-lowering therapies. Prior research has demonstrated 
that hypoglycemic agents, including metformin, GLP-1 receptor agonists, and SGLT-2 inhibitors such as 
empagliflozin, possess notable anti-inflammatory properties, which may serve to mitigate chronic inflammation 
within the small airways35–37. Research conducted on animal models has revealed that angiotensin receptor 
blockers (ARBs), including valsartan, have the potential to mitigate airway inflammation through the inhibition 
of key inflammatory mediators such as interleukin-17 and tumor necrosis factor-α38.

The RCS revealed a significant nonlinear relationship between FPG, TG, HDL-C, SBP and SAD. These 
findings underscore the importance of maintaining FPG, TG, HDL-C, and SBP within specific ranges, which 
could offer novel perspectives for the prevention of SAD.

But the mechanisms connecting Mets distribution to SAD or COPD have been extensively investigated 
but remain incompletely understood. Systemic inflammation included an elevated WBC count, plasma CRP, 
interleukin (IL)-6 and fibrinogen and Neutrophil; these may be good biomarkers for mortality and exacerbations 
in SAD and COPD39,40. Metabolic syndrome is often accompanied by a chronic low-grade inflammation41. 
Previous studies have shown that a cascade of inflammatory processes leads to SAD and impaired lung function42. 
Inflammatory changes in the small airways are fundamental mechanisms that drive the progression and severity 
of COPD. Mirrakhimov summarized the current literature on COPD, MetS, and DM, and affirmed that MetS 
may increase the risk of a COPD exacerbated by associated the elevation of C-reactive protein (CRP)43. Regarding 
the components of MetS, abdominal fat is known to be more pro-inflammatory44. It has been suggested that the 
inflammatory response caused by adipose tissue is the key to the impairment in lung function caused by MetS45. 

Model 1 Model 2

p OR(95% CI) p OR(95% CI)

Female

MetS 0.74 1.02(0.93–1.12) 0.42 1.05(0.94–1.17)

HFPG 0.07 0.89(0.80–1.03) 0.06 0.88(0.79–1.019)

HTG 0.78 1.01(0.93–1.10) 0.29 1.05(0.96–1.15)

LHDL-C <0.001 1.22(1.08–1.37) <0.001 1.22(1.08–1.37)

HBP 0.35 0.96(0.88–1.05) 0.75 0.99(0.90–1.08)

AO 0.03 1.10(1.01–1.20) 0.007 1.15(1.04–1.28)

Male

MetS 0.008 1.22(1.05–1.41) 0.002 1.28(1.09–1.50)

HFPG 0.94 1.01(0.87–1.16) 0.88 0.99(0.86–1.14)

HTG 0.03 1.14(1.01–1.27) 0.03 1.16(1.01–1.31)

LHDL-C 0.03 1.31(1.03–1.67) 0.02 1.33(1.04–1.70)

HBP 0.40 0.95(0.83–1.08) 0.98 1.00(0.88–1.14)

AO 0.09 1.13(0.98–1.29) 0.03 1.21(1.02–1.42)

Table 2.  Logistic regression models explaining the Prevalence of SAD by variables by gender Notes: Model 1 
adjusted for age, job, Smoking, Alcohol. Model 2 adjusted for age, job, Smoking, Alcohol, BMI and physical 
activity . Abbreviations: MetS, metabolic syndrome; CI, confidence interval; HBP, high blood pressure; AO, 
abdominal obesity; HTG, high triacylglycerols; HFPG, high fasting plasma glucose; LHDL-C, low high-density 
lipoprotein cholesterol.
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These findings support our study’s conclusion that inflammation significantly mediates the relationship between 
adverse MetS and the risk of SAD.

However, the study also has several limitations. First, the relatively short duration of our follow-up limited 
the statistical power to identify associations with the development of COPD diseases in China. Second, the 

Fig. 2.  RCS of components of metabolic syndrome and SAD.
 RCS of FPG(1), TG (2), HDL-C (3), SBP (4), DBP (5), WC (6) with SAD.
 A non-linear relationship between them was detected after adjusting for age, gender, Job, Smoking, Alcohol, 
BMI and physical activity.
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assessment of inflammation was based on WBC, granulocytes, and the total score of low-grade inflammation, 
without further confirmation by C-reactive protein, IL-6 or other inflammatory markers. However, WBC, 
granulocytes and the total score of low-grade inflammation is recognized as a validated tool for identifying 
individuals with inflammation. Third, mediation analysis evaluates the role of an intermediate variable (the 
mediator) in the causal link between an independent variable (the exposure) and a dependent variable (the 
outcome) over time. However, in our study, both the mediator and the exposure were measured only at baseline. 
These findings indicate that treating MetS may be an effective strategy for preventing the development of SAD 
and the progression to COPD.

Conclusions
In conclusion, We first report how metabolic syndrome (MetS) affects the risk of small airway dysfunction 
(SAD) and its progression of SAD to COPD. In this study, we report the following novel findings. First, 
compared to the non-MetS group, individuals with MetS showed a significantly higher prevalence of SAD, but 
not significant in women. Second, We also found that in the metabolic syndrome components, HTG, LHDL-C 
and AO were independent risk factors for SAD, which is consistent with men. But in women LHDL-C and AO 
were independent risk factors for SAD. Finally, when MetS as well as SAD outcomes are considered together, the 
incidence of COPD in individuals with both these irregularities was considerably higher (9-fold). The observed 
associations were partly mediated by inflammation.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.

Received: 6 December 2024; Accepted: 3 April 2025

Fig. 3.  Mediation analysis between the MetS and Small Airway Disease. The graphs in (1–3) represented the 
mediating role of LGII, WBC, NEU, respectively.

 

Model 1 Model 2

NO (IR %) RR (95% CI) P-value RR (95% CI) P-value

conversion to COPD

Normal 7(0.94)) 1.0 (reference) 1.0 (reference)

isolated SAD 52(8.86) 7.12(2.65–19.12) < 0.001 8.80(3.33–23.26) < 0.001

isolated MetS 3(1.68) 0.929(0.19–4.65) 0.928 1.03(0.21–5.12) 0.973

MetS + SAD 14(9.09) 11.09(4.88–25.23) < 0.001 10.36(4.58–23.46) < 0.001

Table 3.  The relative risk of conversion to COPD among different groups after 3 years Notes: Model 1 adjusted 
for age, job, Smoking, Alcohol. Model 2 adjusted for age, job, Smoking, Alcohol, BMI and physical activity .
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