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Objective: To evaluate the relationship between body fat index and pulmonary health.

Methods: In the multiethnic population-based cross-sectional study, a multivariable linear regression model was adapted to assess the
association of fat mass/percentage with forced expiratory volume in 1 second (FEV,)/forced vital capacity (FVC). The Mendelian
Randomization (MR) method was used to assess the causal associations of fat mass/percentage in specific body parts with FEV; and
COPD risk. Sensitivity analysis of MR was performed to assess the robustness of estimates.

Results: In the cross-sectional analysis, a non-linear relationship was observed between fat mass and FEV, without adjustment. After
multivariate adjustment, the negative associations of fat mass/percentage with FEV|/FVC were found. In the MR study, genetically
determined fat presented a negative causal effect on FEV, (e.g., estimate = —0.170, P < 0.001 for left leg fat mass). The causal
associations of genetically determined body fat with clinical diagnosis COPD were also determined (e.g., OR = 1.936, P < 0.001 per
1.9 kilograms increase in left leg fat mass).

Conclusion: We present strong evidence on the causal relationship between body fat mass/percentage and both the deterioration of lung
function and the increased risk of COPD. Additional efforts are required to mitigate the negative effects of body fat.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a long-term lung condition marked by consistent limitations in airflow
and enduring respiratory symptoms. According to the Global Burden of Disease Study 2021, COPD is the third leading
cause of mortality and the sixth leading cause of years of life lost (YLL) or disability-adjusted life years (DALYs)."! In
addition, COPD is the most common cause of death and YLL attributable to chronic respiratory disease.' Given the
widespread occurrence and impact of COPD, it is crucial to engage in proactive management for those with COPD to
alleviate the healthcare strain. Various approaches, such as smoking cessation and inhaled bronchodilators, are applied to
manage COPD patients to protect lung function.>” However, several problems, such as the low success rate of smoking
cessation and the deterioration of the disease under active treatments, plague the management of COPD patients. Hence,
pinpointing risk elements associated with COPD and creating innovative intervention strategies are imperative to protect

and enhance pulmonary function.
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According to the World Health Organization, the global prevalence of obesity almost doubled from 1980 to 2008.*
Overweight and obesity are the fifth leading cause of death worldwide.” Given the dramatic increase in disease prevalence
of obesity, more and more researchers focus on the relationship between obesity and lung health. Several cross-sectional
and cohort studies have observed the association of body fat mass/percentage with impaired lung function.®'* However,
several limitations still exist. First, given the unavoidable presence of potential confounding factors in observational
studies, it’s impossible to establish a definitive causal link between body fat and the deterioration of lung function. Second,
since it takes a long time to observe the emergence of COPD in the cohort study, there is no evidence to confirm whether fat
can lead to COPD. Third, previous observational studies mostly adopted linear models that are not able to explore the
potential non-linear exposure-response relationship. Lastly, the effect of body fat on lung function and COPD may vary
across body parts (e.g., leg, arm, and trunk), but it has not been compared in previous studies.

Previous studies have suggested that body fat may be an important factor contributing to the decline in lung function.
For instance, inflammatory factors secreted by adipose tissue may damage lung tissue and increase airway resistance.
Increases in fat have been associated with changes in T cell and cytokine levels in COPD patients, potentially promoting
the progression of COPD. However, there is currently no direct evidence to support this causal relationship.

In view of the existing problems, this study uses two methodologies to provide solid evidences. Population-based
cross-section study was used to assess the associations of fat mass/percentage of various body parts with pre-
bronchodilator forced expiratory volume in 1 second (FEV;) and post-bronchodilator FEV/forced vital capacity
(FVC). The Mendelian randomization (MR) study was conducted to determine the causal associations of fat mass/
percentage with pre-bronchodilator FEV, and clinical diagnosis COPD (post-bronchodilator FEV/FVC < 0.7 after
smoking exposure).'

Methods

Data Sources and Preparation for Epidemiological Observation

National Health and Nutrition Examination Survey (NHANES) is a cross-sectional survey carried out by the National
Center for Health Statistics (NCHS) using multistage stratified random sampling, which could represent the entire US
population (www.cdc.gov/nchs/nhanes/index.htm). The whole-body dual-energy x-ray absorptiometry (DXA) data were

collected starting in 2011 to examine the body composition (including the fat mass/percentage of the arm, leg, trunk, and
whole body). All individuals 8-59 years were eligible for the whole body DXA scan, with the exception of pregnant
females. Spirometry is a widely used test that assesses the amount and speed of air in the inhale and exhale cycle and can
be used to aid in the diagnosis of respiratory disorders. All participants aged 6—79 were eligible to access the spirometry
component. The subset of participants whose FEV/FVC < LLN (lower limits of normal) would receive repeated
spirometry following the administration of a bronchodilator. Participants with valid whole-body DXA data, body
measurements (weight and standing height), and pre-bronchodilator spirometry (n = 4127) were enrolled in the primary
observational analysis (Figure 1). The report of cross-sectional analysis followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.

Statistical Analysis in the Epidemiological Observation Study
Demographic and clinical characteristics of the study population from NHANES were presented by mean =+ standard
deviation or count (percentage) according to their data types. Two-sample #-test or Chi-square test was used to detect
differences in demographic and clinical characteristics between the overall population and subgroup. The arm/leg fat mass/
percentage of participants was the average of corresponding left and right measures. The total fat percentage was
determined by dividing the whole-body fat mass by the body weight. The relationship between the fat traits (including
fat mass/percentage of arm, leg, trunk, and whole body) and pre-bronchodilator FEV; or post-bronchodilator FEV/FVC
were evaluated using a multivariable linear regression model with a restricted cubic spline. Age, sex, ethnicity, height, and
weight were adjusted as covariates to assess whether the fat measurement is a predictive factor for impaired lung function.
We conducted a post-hoc power analysis using the pwr package to assess the statistical power given the existing
sample size. For the univariate regression before diastole (n = 4127, u = 1, > = 0.1), the power was 1.0, indicating
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Figure | Flow chart of selecting eligible participants in the NHANES 2011-2012.
Abbreviation: NHANES 201 1-2012, National Health and Nutrition Examination Survey in 201 1-2012.

sufficient statistical power. The multivariate regression (u = 5, f> = 0.1) also showed a power of 1.0, supporting the
validity of the model. In the case of a smaller sample size after diastole (n = 268), the powers of the univariate and
multivariate regression models were 0.999 and 0.989, respectively, both close to 1.0, further confirming the statistical
power and adequacy of the sample size in this study. We conducted a post-hoc power analysis to assess the statistical
power under the existing sample size. For univariable regression prior to diastole (n = 4127, u = 1, 2 = 0.1), the power
was 1.0, indicating sufficient statistical capability. Similarly, for multivariable regression (u =5, 2 = 0.1), the power also
demonstrated 1.0, supporting the validity of the model. In the case of a smaller sample size after diastole (n = 268), the
power of the univariable and multivariable regression models was 0.999 and 0.989, respectively, both close to 1.0, further
confirming the statistical power and adequacy of the sample size for the study.

The cross-sectional analysis mentioned above was performed in R (version 4.1, R Development Core Team) with

ELINNT3 LLINT3

“foreign”, “rms”, “pwr” and “ggplot2” packages.
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Data Sources and Preparation for Mendelian Randomization Study

Single nucleotide polymorphisms (SNPs) that were significantly (P value < 5*10~®) associated with the exposure traits (i.
e., fat mass/percentage of arm, leg, trunk, and whole body measured by DXA) were obtained from a large meta-analysis
of genome-wide association study (GWAS) for fat measures in 454684 people of European descent reported by Ben
Elsworth in 2018 (www.bristol.ac.uk/integrative-epidemiology). The clumping strategy was adapted to extract indepen-
dent SNPs according to linkage disequilibrium (LD): the SNP with the smallest P-value in each 10000 kb window was
retained, and all those in LD (12 > 0.2) with this SNP were removed. Commonly accepted LD scores suitable for

Europeans (www.github.com/bulik/Idsc) were adopted.

Two lung function-related phenotypes were assessed: pre-bronchodilator FEV, and the clinical diagnosis of COPD
according to ICD-10, as the former represented the severity of impaired lung function and the latter represented the
spirometry-defined airflow limitation after smoking exposure. Summary statistics for pre-bronchodilator FEV; were
obtained from a GWAS meta-analysis of 321047 European individuals from the UK Biobank and SpiroMeta program.'*
Summary statistics for COPD were obtained from a recent GWAS conducted in 193638 participants of European
ancestry from FinnGen Biobank (www.risteys.finngen.fi/endpoints/J10 COPD).

Summary statistics of selected SNPs mentioned above were extracted from the outcome datasets. If the SNPs were not
included in the outcome databases, proxies for the missing SNPs (r*>0.8) were identified from the corresponding databases.
Palindromic SNPs were allowed, and the Minor Allele Frequency (MAF) threshold set to infer palindromic SNPs was 0.3.
The report of two-sample Mendelian Randomization study also followed the STROBE reporting guideline.

Statistical Analysis in the Mendelian Randomization Study

Two-sample MR analysis was adapted to assess the causal association of fat mass/percentage on impaired lung function.
Inverse variance weighted (IVW), MR Egger, and weighted median (WM) methods were used to estimate the causal
effect. The random effect IVW model was used to pool the causal estimates of SNPs, and the results of the IVW method
were regarded as primary interpretations.

To confirm the reliability of estimates from MR analysis,'> we adapted several validation steps: 1) heterogeneity test
was used to assess the variability in the causal estimates among selected SNPs; 2) MR-Egger pleiotropy test was
performed to detect potential horizontal pleiotropic and ensure that the causal estimates were not biased by pleiotropic
effects; 3) sensitivity analysis with diverse databases on lung function (i.e., FEV| predicted percentage, and FEV, best
measure) was performed to assess the robustness of the relationship of fat mass/percentage with lung function; 4)
evaluate the strength of instrumental variables (F-statistics) to avoid weak instrument bias. We conducted a post-hoc
power calculation based on the sample size of the included studies and the expected effect size of fat mass on lung
function (Tables S1). The associations between genetically determined fat and COPD in the two-sample Mendelian
Randomization were presented by odd ratio (OR).

The MR analysis mentioned above was performed in R (version 4.1, R Development Core Team) with
“TwoSampleMR” packages. Statistical significance was determined as a two-side P value <0.05 in this paper.

Results
There were 4127 participants with valid DXA (i.e., arm, leg, trunk, and total body data), body measure (i.e., weight and
standing height), and acceptable spirometry results in the NHANES 2011-2012 study finally enrolled into the primary
analysis (Figure 1).

Demographic and clinical characteristics of the 4127 participants from NHANES 2011-2012 were presented in
Table 1. Detailed information of LD-independent SNPs (after clumping process) for exposure (fat of arm, leg, trunk,
whole-body) was listed in Tables S2.A to S2.R. Among the overall study population, 268 participants received post-

bronchodilator spirometry. No statistical difference was found between the overall population and the post-bronchodilator
spirometry subgroup on the demographic and fat measure data. However, the pre-bronchodilator FEV; and FEV/FVC in
the post-bronchodilator subgroup were less than the corresponding indexes in the overall population (2682.6mL vs
3066.9mL in pre-bronchodilator FEVy, 0.7 vs 0.8 in pre-bronchodilator FEV/FVC) (Table 1).

872 htps: International Journal of Chronic Obstructive Pulmonary Disease 2025:20


http://www.bristol.ac.uk/integrative-epidemiology
http://www.github.com/bulik/ldsc
http://www.risteys.finngen.fi/endpoints/J10_COPD
https://www.dovepress.com/get_supplementary_file.php?f=488523.docx
https://www.dovepress.com/get_supplementary_file.php?f=488523.docx
https://www.dovepress.com/get_supplementary_file.php?f=488523.docx

Zhang et al

Table | Demographic and Clinical Characteristics of the Study Population from NHANES 201 [-2012

Variable Level Overall Post-Bronchodilator
(Pre-Bronchodilator Spirometry) | Spirometry Subgroup
n = 4127 n =268
Weight (kg, meanzSD) 70.4+24.5 69.3+25.3
Standing height (cm, meanSD) 163.3+14.0 163.3+14.9
Gender (%) Male 2185 (52.9) 161 (60.1)
Female 1942 (47.1) 107 (39.9)
Age (years, meanSD) 27.9%15.6 27.6x16.3
Race (%) Mexican American 584 (14.2) 45 (16.8)
Other Hispanic 402 (9.7) 19 (7.1)
Non-Hispanic White 1271 (30.8) 92 (34.3)
Non-Hispanic Black 1125 (27.3) 76 (28.4)
Other Race 745 (18.1) 36 (13.4)
Pre-bronchodilator FEV, (mL, mean+SD) 3066.9+£925.1 2682.6+837.8
Pre-bronchodilator FEV/FVC (meantSD) 0.8+0.1 0.7+0.1
Post-bronchodilator FEV| (mL, meanSD) NA 2912.0+885.3
Post-bronchodilator FEV,/FVC (meantSD) NA 0.8+0.1
Arm fat mass (g, meantSD) 1389.0+804.0 1336.4+757.7
Arm percent fat (%, mean+SD) 323113 31.6+10.9
Leg fat mass (g, mean+SD) 4283.0+2188.1 4160.6+2180.2
Leg percent fat (%, meanSD) 34.4+9.7 34.0+9.8
Trunk fat mass (g, mean+SD) 10,176.5+6374.4 9578.8+5959.7
Trunk percent fat (%, mean+SD) 28.8+9.4 28.0+8.8
Total fat mass (g, meanSD) 22,646.8+11,969.3 21,689.3+11,424.8
Total percent fat (%, mean+SD) 31.0+8.7 30.4+8.4

Notes: No statistical difference (two-sample t-test or Chi-square test) was found between the overall population and the post-bronchodilator spirometry
subgroup on the demographic and fat measure data.
Abbreviations: FEV, forced expiratory volume in | second; FVC, forced vital capacity.

Without adjustment, Figure 2A showed the non-linear relationship between fat mass and pre-bronchodilator FEV;.
Extreme fat mass (i.e., too high or too low) was associated with lower pre-bronchodilator FEV, and the median of fat
mass was associated with higher pre-bronchodilator FEV; After multivariate adjustment (i.e., weight, height, age, sex,
and ethnicity), Figure 2B showed strong negative associations between fat mass/percentage and pre-bronchodilator
FEV,. Negative relationships were also observed between fat mass/percentage and post-bronchodilator FEV/FVC
(Figure 3).

The causal effect of fat mass/percentage on lung function (i.e., pre-bronchodilator FEV and clinical diagnosis COPD
according to ICD-10) was determined by a two-sample MR analysis. The details of databases included in the MR
analysis are shown in Table 2.

Genetically determined fat of arm, leg, trunk, and whole body presented negative causal effect on pre-bronchodilator
FEV, in IVW method (Figure 4). In WM analysis, per SD increase in genetically determined fat was also negatively
(estimate < 0) and significantly (P < 0.001) associated with the pre-bronchodilator FEV;. What’s more, the increase in
genetically predicted fat was also negatively (estimate < 0) associated with the pre-bronchodilator FEV; in MR Egger
analysis. In particular, the strongest association of fat with pre-bronchodilator FEV, was found in the leg fat among
several body parts.

The causal effects of genetically determined fat mass/percentage of the arm, leg, trunk, and whole body on COPD
were determined in the IVW method (Figure 5). The effect of genetically determined fat mass/percentage on COPD was
also found in WM and MR Egger analysis. It is worth pointing out that the strongest causal effect of the fat measure on
COPD was found in the leg fat measures among several body parts.

MR Heterogeneity test for the primary MR analysis (causal effect of body fat on lung function and COPD) showed
that the heterogeneity of estimate was significant (Q_pval < 0.05 in Table S3). However, the estimates in IVW, WM, and
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Figure 2 Relationship between fat mass/percentage and pre-bronchodilator FEV, in the cross-sectional study. The relationships were assessed by multivariable linear
regression models with restricted cubic spline. (A) Linear regression model without adjustment. (B) Linear regression model adjusted for age, sex, ethnicity, height, and
weight. The vertical dashed line on the left is the 25 percentile. The vertical dashed line on the right is the 75 percentile. The vertical solid line is the 50% percentile. Fat
mass/percentage was measured by dual-energy x-ray absorptiometry. Pre-bronchodilator FEV| is a measure of spirometry to determine airflow.

Abbreviation: FEV,, forced expiratory volume in | second.

MR-Egger methods did not change substantially (Figures 4 and 5). In addition, MR-Egger intercept tests presented no
evidence of directional pleiotropy (Table S4). There were several large-population databases released by different authors
on FEV,, FEV, predicted percentage, and FEV; best measure (Table S5). The scatter plots for estimated effect sizes of
the SNPs on the exposure and outcomes (i.e., preFEV; and COPD) were displayed in the Figures S1 and S2. Similar
results were observed using IVW, MR-Egger and WM methods in sensitivity analyses. We adapted other public-available
databases on FEV, into the sensitivity analysis, and the results of diverse databases are consistent with the primary MR
analysis (Figures S3 and S4).
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Figure 3 Relationship between fat mass/percentage and post-bronchodilator FEV/FVC in the cross-sectional study. The relationships were assessed by multivariable linear
regression models with restricted cubic spline and adjusted for age, sex, ethnicity, height, and weight. The vertical dashed line on the left is the 25% percentile. The vertical
dashed line on the right is the 75 percentile. The vertical solid line is the 507 percentile. Fat mass/percentage was measured by dual-energy x-ray absorptiometry. Post-
bronchodilator FEV,/FVC is a measure of spirometry to determine persistent airflow limitation.

Abbreviations: FEV, forced expiratory volume in | second; FVC, forced vital capacity.
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Table 2 Details of Databases Included in the Mendelian Randomization Analysis

Trait Year | Author Consortium Sex Population | N of snp | Sample_size
Outcome

FEV, 2019 | Shrine N’ UK Biobank and SpiroMeta | Males and Females | European 19674931 | 321047
COPD (according to ICD-10) | 2021 | NA? FinnGen Biobank Males and Females | European 16380382 | 193638
Exposure

Arm fat mass (left) 2018 | Ben Elsworth * | MRC-IEU Males and Females | European 9851867 454684
Arm fat mass (right) 2018 | Ben Elsworth * | MRC-IEU Males and Females | European 9851867 454757
Arm fat percentage (left) 2018 | Ben Elsworth * | MRC-IEU Males and Females | European 9851867 454724
Arm fat percentage (right) 2018 | Ben Elsworth > | MRC-IEU Males and Females | European 9851867 454789
Leg fat mass (left) 2018 | Ben Elsworth > | MRC-IEU Males and Females | European 9851867 | 454823
Leg fat mass (right) 2018 | Ben Elsworth > | MRC-IEU Males and Females | European 9851867 454846
Leg fat percentage (left) 2018 | Ben Elsworth * | MRC-IEU Males and Females | European 9851867 454826
Leg fat percentage (right) 2018 | Ben Elsworth > | MRC-IEU Males and Females | European 9851867 454854
Trunk fat mass 2018 | Ben Elsworth * | MRC-IEU Males and Females | European 9851867 454588
Trunk fat percentage 2018 | Ben Elsworth * | MRC-IEU Males and Females | European 9851867 454613
Whole body fat mass 2018 | Ben Elsworth * | MRC-IEU Males and Females | European 9851867 454137
Body fat percentage 2018 | Ben Elsworth * | MRC-IEU Males and Females | European 9851867 454,633

Notes: Data Source: |. PubMed ID: 30804560; 2. www.risteys.finngen.fi/endpoints/|10_COPD; 3. www.bristol.ac.uk/integrative-epidemiology.
Abbreviations: MRC IEU, The MRC Integrative Epidemiology Unit; snp, single nucleotide polymorphism; FEV, forced expiratory volume in | second; COPD, chronic
obstructive pulmonary disease.

Discussion

This study identified the associations of fat mass/percentage (i.e., fat mass/percentage of arm, leg, trunk, and whole body) with
lung function and the risk of clinical diagnosis COPD. Cross-sectional studies found that fat mass/percentage was inversely
associated with pre-bronchodilator FEV; and post-bronchodilator FEV/FVC (persistent airflow limitation) after adjustment.
The Two-sample Mendelian Randomization study confirmed the causal associations of fat mass/percentage with the decrease
in pre-bronchodilator FEV and the increased risk of COPD (persistent airflow limitation after smoking exposure). It is worth
mentioning that leg fat mass/percentage has the most significant association with lung function and COPD compared with
other body parts. More specifically, per 1.9 kilograms (kg) increase in left leg fat mass was associated with a 93.1% higher risk
of COPD, per 10.6% increase in the left fat percentage was associated with a 155.0% higher risk of COPD.

Overweight and obesity, defined by BMI, are the fifth leading cause of death worldwide.” The 2012 South Carolina
Behavioral Risk Factor Surveillance System Survey assessed the association between BMI and respiratory disease in
11868 adults and showed a higher prevalence of COPD in people with extreme BMI (i.e., too high or too low).'®
Conversely, a study assessed the association between BMI and chronic airflow limitation in 18606 participants from 26
sites in 23 countries, and suggested that obesity was less common in subjects with airflow limitation.'” The inconsistency
of conclusions in large studies often indicates the existence of confounding factors. One possible explanation is that BMI
is affected by fat and fat-free (e.g., muscle) mass, but fat and fat-free may have different effects on lung function.'®
Therefore, it is necessary to investigate the impact of fat distribution instead of BMI on lung function and COPD. The
first part of this study examined the relationship between fat mass/percentage and lung function in a cross-sectional study.
The extreme fat mass (i.e., too high or too low) was associated with lower pre-bronchodilator FEV; when weight was not
taken into account. After adjusting for the effects of height, weight, sex, age, and race, fat mass/percentage showed robust
and inverse associations with pre-bronchodilator FEV, and post-bronchodilator FEV/FVC (Figures 2 and 3). This
suggests that fat mass/percentage is a risk factor for persistent airflow limitation.

In recent years, several cross-sectional studies also explored the relationships between fat mass and lung function.
A cross-sectional study from Japan measured body fat mass and lung function in 399 boys and 46 girls and found
a significant inverse association between fat mass and lung function parameters in boys, and a similar trend was shown
among girls.'® A cross-sectional study in China suggested that obesity-related parameters, including fat percentage, were
negatively associated with adult lung function.® The conclusions of these studies were consistent with the findings of our
cross-sectional study (Figures 2 and 3).
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Figure 4 Causal effects of fat mass/percentage on pre-bronchodilator FEV, in the Mendelian Randomization study. The causal estimates were assessed by two-sample
Mendelian Randomization study with diverse methods. Pre-bronchodilator FEV| is a measure of spirometry to determine airflow.

Abbreviations: MR Egger, Egger method of Mendelian Randomization; MW, median weight method; IVW, inverse variance weighted method; FEV,, forced expiratory
volume in | second; Nsnp, the number of single nucleotide polymorphism.

Previous cross-sectional studies showed the association of trunk or abdominal fat with lung function. A cross-
sectional study recruited 305 healthy adults, discovering that abdominal fat is negatively correlated with FEV, in women
and breast as well as abdominal fat is inversely associated with lung function in men.>° However, there was no study on
the relationship between leg/arm fat and lung function. Our study found that fat mass/percentage of multiple body parts
was associated with decreased lung function, suggesting the effect of fat on lung function is not limited to trunk fat.
Furthermore, this study discovered that the strongest association exists between leg fat mass/percentage and lung
function as well as COPD compared to other body parts (Figures 4 and 5), which reminds us that we need to pay
more attention to the effect of leg fat on respiratory health.

In addition to cross-sectional studies, previous cohort studies further investigated the causal relationship between fat
change and lung function. A population-based cohort study with over six years of follow-up of 15476 adults found that
an increase in fat mass was significantly associated with an accelerated decline in FEV, suggesting that changes in body
composition over time can be used to identify high-risk individuals with a rapid decline in FEV,.” However, to date,
there is no cohort study to determine whether fat mass contributes to the development of COPD, perhaps because the

emergence of COPD requires long-term observation in large populations. Furthermore, observational studies (i.e., cross-
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Figure 5 Causal effects of fat mass/percentage on clinical diagnosis COPD in the Mendelian Randomization study. The causal estimates were assessed by two-sample
Mendelian Randomization study with diverse methods. COPD is a clinical diagnosis.

Abbreviations: COPD, chronic obstructive pulmonary disease; MR Egger, Egger method of Mendelian Randomization; MW, median weight method; IVW, inverse variance
weighted method; Nsnp, the number of single nucleotide polymorphisms used; OR, odds ratio.

sectional and cohort studies) often present controversial findings due to potential confounders, reverse causality, and
many other challenges.”' Therefore, it is almost impossible to clarify the causal effect of fat mass on lung function and
COPD through observational studies. In the second part of this study, the MR method, an approach that could avoid the
issues of potential confounders and reverse causality, was used to investigate whether fat mass/percentage could lead to
a decline in pulmonary function and the development of COPD. The results of the second part suggested that the
increased fat mass/percentage of the whole body, arm, trunk, and leg are the causal factors for the decline of pre-
bronchodilator FEV; and clinical diagnosis COPD (Figures 4 and 5).

Several potential mechanisms could explain the association between body fat and accelerated lung function decline.
First, fat mass in the abdominal and thoracic may reduce lung capacity and result in expiratory flow restriction by
limiting the space for the lungs to expand during inspiration.> Second, the increase of fat mass can impair lung function
through systemic inflammation, as adipose tissue is a source of inflammatory mediators that can damage lung tissue and
increase airway resistance.”? Third, the increase of fat mass is associated with the T-cell profile and systemic cytokine
levels of the immune system. Numerous studies have confirmed that adipose tissue disorders, such as obesity and
lipodystrophy, lead to alterations in adipose tissue distribution and function, causing widespread effects on the expression
of cytokines, chemokines, and hormones, lipid storage, and the composition of resident immune cell populations in
adipose tissue. Changes in the immune system may be engaged in the development of COPD.>* %

One of the previous studies reached conflicting conclusions. An observational study of US Veterans found that
overweight and obese patients were less likely to have COPD determined by pulmonary function testing among patients
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with empirically diagnosed COPD.?® There are several explanations for this difference. First, the participants of the
studies were different. The population of the Veterans study was symptomatic people with empirically diagnosed COPD,
but the subjects of our study was population-based. Second, as a cross-sectional study, the research design of Veterans
study could not avoid confounders, so it cannot explain the causal associations between obesity and COPD. Third, the
exposure of that study was overweight, and obesity defined by BMI was not completely consistent with the fat mass/
percentage measured by DXA in our research.

The results of another previous study need appropriate discussion. An observational study carried out among COPD
patients with sarcopenia showed that increased abdominal fat could be a protective factor for physical functioning.?’
There are explanations for this different conclusion. First, we chose population-based databases to assess the relationship
of fat with lung function. Thus, the result of our study could not be applied to patients with specific conditions. What’s
more, the outcome of that observational study was physical functioning but not the change of lung function. Therefore,
the results could not negate the effect of fat on lung function.

There are several important strengths in our study. First, the cross-sectional study is based on NHANES, a multi-stage
stratified random sampling study across the US, which could be a good representation of the diverse multiethnic
population, reflecting the impact of fat mass/percentage on lung function across the population. What’s more, multi-
variate linear regression with restricted cubic spline is applied in the analysis method, which allows us to explore the
potential non-linear relationships. Most importantly, we conducted MR studies to clarify the causal relationship between
fat mass/percentage and pulmonary function/COPD. Human genotypes are randomly obtained from the previous
generation according to the principle of Mendelian inheritance. In the MR-designed study, participants were grouped
by genotype, which solved the baseline imbalance issue between the exposure and control groups in the observational
study. A large sample size summarized genetic data, and robust instrumental variables were used in this research, so there
was enough power to come out with a robust causal effect estimation.

Some limitations should also be pointed out in our study. First, only the non-pregnant people aged 859 were
examined by DXA in NHANES, so the conclusion of this cross-sectional analysis is not applicable to the elderly. Second,
we chose clinical diagnosis COPD, defined via ICD-10 records in medical institutes, as the outcome of the MR study.
Therefore, the causal effect estimation of fat mass/percentage on COPD in this study is not applicable to the spirometry
defined COPD in the context of community. Third, as an observational study, the conclusions drawn from our results are
subject to potential confounding factors that cannot be completely controlled. Although Mendelian Randomization (MR)
analysis is a powerful tool for addressing some of these confounders by leveraging genetic variants as instrumental
variables, it cannot fully account for all potential biases or reverse causality. Additionally, this study does not provide
information on the long-term effects of body fat on lung function or the progression of chronic obstructive pulmonary
disease (COPD). Further longitudinal studies are needed to assess how changes in body fat over time may influence lung
health and whether these associations hold in the long term.

Based on existing knowledge of fat mass/percentage, we propose some points of future prospects. First, while DXA
permits precise quantification of fat mass or body fat percentage, its utilization is encumbered by operational complexities
and concerns pertaining to radiation exposure, thereby constraining its widespread application. Bioelectrical impedance
analysis (BIA) is an easy-to-operate, portable, non-radioactive approach with excellent repeatability and consistency.?®
Developing and promoting BIA detection methods for leg fat mass may help manage the effects of body fat on lung health.
Second, previous studies showed interventions, including pulmonary rehabilitation, weight management, and bariatric
surgery, could improve lung function as well as reduce body fat.” ' However, whether the intervention on reducing fat
could directly improve lung function demands further experimental confirmation by randomized controlled trials.

Our study has important clinical implications. First, recognizing that increased fat mass, particularly in the legs, is
associated with a higher risk of COPD, clinicians should consider body composition, beyond just BMI, when assessing
patients at risk for lung diseases. The clinical practice of evaluating lung function should integrate measurements of body
fat distribution, as this could help identify individuals who might benefit from early interventions aimed at managing
both fat accumulation and lung health. Furthermore, the findings of this study suggest that targeted weight management,
potentially focusing on reducing leg fat mass, could be a strategy to mitigate the decline in lung function and the risk of
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COPD progression. Clinical programs, such as pulmonary rehabilitation and weight management interventions, should
take body fat distribution into account to optimize treatment outcomes.

Conclusion

In conclusion, our study highlights the significant association between body fat distribution, particularly leg fat mass, and
lung function. These findings suggest that body fat, especially in the arm and leg, may be an important factor in the early
detection and management of lung diseases such as COPD. By incorporating body fat measurements into routine clinical
assessments, healthcare providers can better identify individuals at risk of impaired lung function. This could lead to

more personalized and effective interventions aimed at managing both obesity and respiratory health.
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