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Background: Many studies define obesity based on body mass index (BMI) and
explore its relationship with adult asthma. However, BMI only considers height
and weight, ignoring other factors such as body fat, which may have a greater
impact on health. We investigated the relationship between body fat distribution
and adult asthma using both a cross-sectional study and bidirectional Mendelian
randomization (MR) analysis.

Methods: Weighted logistic regression models were used to examine the
relationship between body fat distribution measurements and adult asthma in
the cross-sectional study from National Health and Nutrition Examination Survey
(NHANES) 2011-2018. Restricted cubic spline (RCS) curves were employed to
explore the dose—-response relationship between them. The inverse-variance
weighted (IVW) method was used as the main method of MR analysis to explore
the causal effect of exposure on outcome.

Results: After adjusting for all covariates, weighted logistic regression analysis
indicated that fat mass in the left arm, left leg, right arm, right leg, trunk, and
total body is associated with an increased risk of developing adult asthma
(p<0.05). RCS curves showed that all six fat mass indicators exhibit a J-shaped
relationship with adult asthma. Forward MR analysis found a causal effect of six
fat mass indicators on the increased risk of adult asthma (p<0.05). However,
reverse MR did not reveal any causal effect of adult asthma on these six fat mass
indicators (p > 0.05).

Conclusion: Our study supports a positive correlation and a unidirectional
causality between body fat distribution measurements and the risk of adult
asthma. Further studies are needed to validate our findings.
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1 Introduction

Asthma persists as a widespread chronic respiratory condition
globally, impacting the quality of life of millions of people (1). The
global burden of asthma is considerable, with estimates suggesting
that it affects approximately 262 million people and causes around
461,000 deaths annually (2). This burden is not only reflected in
healthcare costs but also includes lost productivity and decreased
activity levels. Moreover, the impact of asthma on adults is particularly
profound, as it can complicate the management of other comorbid
conditions such as cardiovascular disease and diabetes, which are
more prevalent with advancing age (3). Unlike childhood asthma,
which is frequently characterized by atopy and a clear allergic
component, asthma in adults can present with a broader range of
triggers and is often less responsive to conventional treatments (4).
Thus, recognizing risk factors for asthma in adults and implementing
suitable interventions are crucial for decreasing both the morbidity
and mortality associated with asthma.

Obesity represents a severe worldwide health issue that has
experienced a significant rise in prevalence during recent decades (5).
Obesity in adults is often evaluated using the body mass index (BMI),
where a BMI of 30 kg/m?” or more is considered obese. This condition
is not only a risk factor for traditional metabolic syndromes but also
complicates respiratory conditions (6). Numerous studies have
demonstrated that obesity raises the risk of developing asthma (7-9).
After controlling for other variables, observational research conducted
in the US discovered that obesity was an independent risk factor for
asthma (8). A meta-analysis that included seven cohort studies with
more than 333,102 participants showed that an increase in BMI had a
dose-response effect on the incidence of asthma (9). While most
research on obesity and asthma classifies participants solely based on
BM]I, this basic and frequently used anthropometric measure has
significant limitations. Because it fails to differentiate between adipose
mass and muscle mass, nor does it consider the distribution of body
fat (10). Some studies (11, 12) have even found a U-shaped association
between BMI and asthma, meaning that having a BMI that is too high
or too low may both raise the chance of developing asthma. In certain
instances, BMI might either overestimate or underestimate obesity.
Therefore, new measures are required in order to correctly examine
the link between obesity and asthma risk. Body fat distribution
measurements have been used to predict conditions such as diabetes,
cardiovascular disease, and other conditions with superior predictive
value to BMI (13, 14). However, there is a dearth of evidence on the
connection between fat distribution and adult asthma.

The National Health and Nutrition Examination Survey
(NHANES) is a collection of surveys conducted at different times to
evaluate the well-being of the U.S. population, track disease patterns
and risk factors, and provide data to support the development and
evaluation of health policies and programs (15). Mendelian
Randomization (MR) is a method to evaluate the causal link between
exposure and outcome. It uses genes strongly associated with traits as
instrumental variables (IVs) to infer the causal relationship indirectly.
Since genes are randomly allocated during gamete production and are
minimally influenced by external environments after birth, MR can
avoid confounding factors, reverse causation, and selection bias (16).
To determine the impact of body fat distribution measurements (arm,
leg, trunk, and total fat mass) on adult asthma risk, we first analyzed
cross-sectional data from the NHANES database in this research.
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Afterwards, the causal association between them was evaluated using
a bidirectional MR study.

2 Methods
2.1 Individuals involved in NHANES

NHANES is a biennial survey that uses a random sampling
technique to include people of all ages, genders, races, and
socioeconomic statuses. Oral interviews, physical exams, and
laboratory tests make up the inquiry, which covers a wide range of
health-related subjects including chronic disorders, dietary habits,
environmental exposure, and more (15). A total of 39,156 respondents
participated in the NHANES surveys that were carried out between
2011 and 2018." Our study included 10,164 participants after removing
people under the age of 20, people with uncertain asthma status, and
people with missing body fat distribution data. A detailed description
of the participant selection procedure is provided in Figure 1.

2.2 Variable descriptions in the NHANES

The two main questions that help establish an asthma diagnosis
are as follows: “(I) Has a doctor or other health professional ever told
you that you have asthma? (II) Do you still have asthma?” Participants
who answered positively to both inquiries were classified as asthma
patients, whereas those who did not were labeled as non-asthma
patients. Multiple peer-reviewed studies have shown the accuracy of
using self-reported methods to diagnose asthma (17-19). Arm, leg,
trunk and total fat mass are measured using dual-energy X-ray
absorptiometry (DXA), which is widely used for body composition
measurements because of its quickness, convenience of use, and low
levels of radiation. Data on gender, age, race, educational level,
poverty-income ratio (PIR), asthma family history, smoking history,
diabetes, hypertension and hypercholesterolemia were collected via a
questionnaire. Three categories exist based on smoking history:
non-smoker (fewer than 100 cigarettes smoked in a lifetime), former
smoker (100 cigarettes smoked in a lifetime but have since quit), and
current smoker (100 cigarettes smoked in a lifetime and are continuing
smoking). Results for BMI

were derived from physical

examination data.

2.3 Study design of bidirectional MR

Based on the summary data from the Genome Wide Association
research (GWAS), this research used a bidirectional MR analysis to
examine the causal connection between fat distribution and adult
asthma. The forward MR analysis used fat distribution measurements
as the exposure and adult asthma as the outcome, while the reverse
MR analysis used adult asthma as the exposure and fat distribution
measurements as the outcome. I'Vs assessing the relationship need to
fulfil three criteria: (I) strong correlation with exposure; (II) absence

1 https://www.cdc.gov/nchs/nhanes/index.htm
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NHANES 2011-2018
( N=39,156)
Participants were excluded if they
were < 20 years old (N=16,539)
| N=22,617 |
Participants were excluded if their
asthma information was missing
or unclear (N=75)
| N=22,542 |
Participants were excluded if their
body fat distribution data was
missing (N=12,378)
| N=10,164 |
Asthma group Non-asthma group
(N=850) (N=9,314)
FIGURE 1
Flowchart for screening eligible participants in the cross-sectional study from NHANES 2011-2018. NHANES, National Health and Nutrition
Examination Survey.

of associations with potential confounding factors; (IIT) no direct
association with outcome, influencing outcome solely through
exposure (Figure 2).

2.4 Data sources

FinnGen R10 is the source of the GWAS data on adult asthma,
and the study has a total of 156,078 European population samples,
with 135,449 samples belonging to the control group and 20,629
samples belonging to the case group. The genetic data of fat
distribution measurements were gathered from the UK Biobank
database. The cohorts of left arm, left leg, right arm, right leg, trunk,
and total fat mass included 331,164, 331,275, 331,226, 331,293,
331,093, and 330,762 European population samples, respectively
(Supplementary Table S1).

2.5 Instrumental variables selection

Single nucleotide polymorphisms (SNPs) should have a significant
correlation with the corresponding exposure before being selected as
independent genetic IVs. The selection criteria include a significance
level of p<5x107* and linkage disequilibrium *<0.001 (10,000kb).
Next, we screened the SNPs according to the following steps:(I) using
PhenoScanner to identify SNPs associated with confounding factors
and outcomes, which were then excluded; (II) palindromic SNPs were
excluded through the process of harmonization; (IIT) The MR-PRESSO
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test was employed to find outlier SNPs, which were then excluded.
Additionally, to avoid the bias caused by weak IVs, we employed the
F statistic to determine their strength and F statistic > 10 was required.
F = R*(N-2)/(1-R?); R* =(2 x p* x eaf x (1—eaf))/[(2 x B* x eaf x (1—
eaf)) + (2 x N x SE? x eaf x (1—eaf))]. N represents the sample size;
represents the beta value of the IVs; SE represents the standard error
of B; eaf represents the effect allele frequency of the IVs (20, 21).

2.6 Statistical analysis

Statistical analysis was carried out using the R software, specifically
version 4.3.1. Complex sampling designs and sample weights were
utilized by NHANES to guarantee that the data acquired was
representative of the nation as a whole. Actual frequencies and
weighted percentages (%) were employed to express categorical
variables, and weighted chi-square test was utilized to compare
groups. Weighted ¢-test was used to compare continuous variables,
which were presented as means and 95% confidence intervals (CIs).
We tested the hypothesis that elevated fat mass was associated with an
increased risk of asthma in adult using three weighted logistic
regression models. Crude model was univariate analysis; Model 1 was
adjusted for gender, age, race, educational level and PIR. Model 2 built
on Model 1 and further adjusted for BMI, asthma family history,
smoking history, diabetes, hypertension and hypercholesterolemia.
The results of the weighted logistic regression were expressed in terms
of odds ratios (ORs), indicating the risk of asthma associated with an
increase of 1kg in fat mass. To go a step further in evaluating the
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Assumption 2

Assumption 2

Assumption 3

Genetic y y Genetic
instrument Body fat indexes I > Asthma instrument
SNPs Assumption 1 y ¥ Assumption 1 SNPs

SNPs selection criteria

» Threshold of association: P<5x10-8

» Linkage disequilibrium [LD] r? < 0.001
» Clumping window > 10,000 kb

Assumption 1:There is a strong
correlation between SNPs and exposure.
Assumption 2:SNPs and confounders
are independent of each other.
Assumption 3:SNPs can only

contribute to outcome through exposure.

Sensitivity analysis
MR methods » MR-PRESSO global test
> IVW »> Heterogeneity test
» Weighted-median || » MR-Egger intercept
» MR-Egger » Leave-one-out analysis

FIGURE 2

The design of bidirectional MR analysis. Purple cross indicates that this pathway cannot be allowed. MR, Mendelian randomization; SNPs, single
nucleotide polymorphisms; IVW, inverse-variance weighted; MR-PRESSO, Mendelian Randomization Pleiotropy RESidual Sum and Outlier.

correlation, we fitted logistic regression models with restricted cubic
splines (RCS).

The inverse-variance weighted (IVW) method is the most efficient
way to find causation in MR analysis. As a result, we used it as our
primary technique, turning to the IVW fixed-effects model in cases
where there was no evidence of IVs heterogeneity. In addition to the
IVW method, MR Egger and weighted median approaches were also
employed as supplements (22). Considering multiple exposure factors,
to enhance the credibility of the results, we used the Bonferroni method
to adjust the MR results, deeming p<0.008 (0.05/6) as statistically
significant. To evaluate heterogeneity between SNPs, we used Cochran’s
Q test; a p-value > 0.05 and an I<25% suggested no substantial
heterogeneity (23). Outlier SNPs could be found using the MR-PRESSO
test, and a p-value > 0.05 for the global test meant that there were no
outlier SNPs (24). An intercept near to zero (p>0.05) suggested that
there was no potential horizontal pleiotropy of SNPs when the MR-Egger
method was employed to assess them (25). Using a Leave-one-out
approach, we sought to determine if a single SNP impacted the overall
exposure-outcome relationship. More than that, we used funnel plots to
assess the resultant stability. R software’s “TwoSampleMR” package was
used to do MR analyses. p <0.05 was considered statistically significant.

3 Results
3.1 Baseline features of the participants

Ten thousand one hundred and sixty-four people in all were
enrolled in this research, and their mean age was 39.10 (38.61, 39.59)
years. Of these, 51.7% were men and 48.3% were women. Among
people with asthma, there are 850 individuals, with a prevalence rate
of 8.4%. The asthma group had larger percentages of females,
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Non-Hispanic Whites, and family history of asthma in comparison to
the non-asthma group (p<0.05). They also had higher BMI, lower
PIR, and more fat mass in the left arm, left leg, right arm, right leg,
trunk, and total body (p <0.05). Nonetheless, the two groups did not
vary in terms of age, educational level, smoking history, diabetes,
hypertension, and hyperlipidemia (p>0.05) (Table 1).

3.2 Associations between fat mass and
adult asthma

The link between fat mass and adult asthma was tested using
weighted logistic regression. As shown in Table 2, the higher the fat
mass, the greater the risk of developing asthma. The results from
Model 2, which adjusted for all covariates, indicated that each kilogram
increase in fat mass of the left arm, left leg, right arm, right leg, trunk,
and total body was associated with a 21.9, 6.3, 21.4, 5.6, 2.6, and 1.1%
increased risk of adult asthma, respectively (all p <0.05). Similarly,
RCS curve analysis, after adjusting for all covariates, showed that all
six fat mass indicators exhibit a J-shaped relationship with adult
asthma, where the risk of asthma increases as fat mass rises (Figure 3).

3.3 Causal effects of fat mass on adult
asthma

After filtering, the left arm, left leg, right arm, right leg, trunk, and
total fat mass cohorts included 232, 235, 232, 242, 240, and 234 SNPs,
respectively, for MR analysis. All SNPs had F-statistics > 10
(Supplementary Tables S2-57). Following Bonferroni adjustment
(p<0.008), the results from the IVW method indicated that increases in
left arm fat mass (OR=1.326, 95% CI=1.219-1.442, p<0.001), left leg
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TABLE 1 Weighted clinical features of the participants.

Variables

Total

(n=10,164)

Asthma group
(n=850)

Non-asthma group
(n=9,314)

10.3389/fnut.2024.1432973

Frontiers in Nutrition

05

Gender, 1 (%) <0.001
Male 5,177 (51.7) 307 (35.8) 4,870 (53.2)
Female 4,987 (48.3) 543 (64.2) 4,444 (46.8)
Age, years, mean (95% CI) 39.10 (38.61, 39.59) 38.44 (37.18, 39.69) 39.16 (38.66, 39.66) 0.265
Race, 1 (%) <0.001
Mexican American 1,529 (10.6) 79 (6.3) 1,450 (11.0)
Other Hispanic 1,065 (7.5) 80 (6.3) 985 (7.6)
Non-Hispanic White 3,479 (60.9) 361 (66.0) 3,118 (60.4)
Non-Hispanic Black 2,093 (11.1) 212 (13.2) 1,881 (10.9)
Other races 1,998 (9.9) 118 (8.2) 1,880 (10.1)
Educational level, n (%) 0.604
Under high school 1,876 (13.2) 144 (11.9) 1,732 (13.3)
High school or equivalent 2,214 (21.5) 200 (22.1) 2,014 (21.5)
College or above 6,074 (65.3) 506 (66.0) 5,568 (65.2)
PIR, 7 (%) 0.004
<13 3,032 (21.9) 328 (28.7) 2,704 (21.2)
1.3-3.5 3,363 (32.3) 239(29.9) 3,124 (32.5)
>3.5 2,959 (39.3) 222 (35.5) 2,737 (39.6)
Not record 810 (6.5) 61 (5.9) 749 (6.6)
BML, kg/m?, n (%) 0.008
<25 3,260 (31.9) 235 (31.1) 3,025 (31.9)
25-29.9 3,255 (32.9) 229 (28.2) 3,026 (33.3)
>30 3,617 (35.0) 384 (40.6) 3,233 (34.5)
Not record 32(0.2) 2(0.1) 30(0.2)
Asthma family history, n (%) <0.001
Yes 2,226 (22.5) 407 (49.2) 1,819 (20.0)
No 7,761 (75.8) 413 (48.1) 7,348 (78.3)
Not record 177 (1.7) 30(2.7) 147 (1.7)
Smoking history, 1 (%) 0.131
Non-smoker 6,210 (59.2) 468 (55.2) 5,742 (59.5)
Former smoker 1,699 (19.5) 142 (19.0) 1,557 (19.6)
Current smoker 2,255 (21.3) 240 (25.8) 2,015 (20.9)
Diabetes, n (%) 0.115
Yes 721 (5.3) 85 (7.6) 636 (5.1)
No 9,259 (92.9) 745 (90.6) 8,514 (93.1)
Borderline 184 (1.8) 20 (1.8) 164 (1.8)
Hypertension, 1 (%) 0.203
Yes 2,306 (21.5) 237 (23.7) 2,069 (21.3)
No 7,858 (78.5) 613 (76.3) 7,245 (78.7)
Hypercholesterolemia, 1 (%) 0.425
Yes 2,422 (24.6) 225 (26.7) 2,197 (24.4)
No 7,699 (75.1) 622 (73.0) 7,077 (75.3)
Not record 43(0.3) 3(0.3) 40 (0.3)
(Continued)
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TABLE 1 (Continued)

Variables Total Asthma group

(n =850)

Non-asthma group
(n=9,314)

(n=10,164)

Left arm fat mass, kg, mean (95% CI) 1.66 (1.63, 1.69) 1.86 (1.77, 1.95) 1.64 (1.61, 1.67) <0.001
Left leg fat mass, kg, mean (95% CI) 4.77 (4.71, 4.84) 5.31 (5.10, 5.52) 4.72 (4.66,4.79) <0.001
Right arm fat mass, kg, mean (95% CI) 1.67 (1.64, 1.70) 1.87 (1.78, 1.96) 1.65 (1.63, 1.68) <0.001
Right leg fat mass, kg, mean (95% CI) 4.90 (4.83,4.97) 5.43 (5.23,5.64) 4.85(4.78,4.92) <0.001
Trunk fat mass, kg, mean (95% CI) 13.15 (12.91, 13.40) 14.39 (13.65, 15.13) 13.04 (12.80, 13.27) <0.001
Total fat mass, kg, mean (95% CI) 27.33(26.91, 27.75) 30.01 (28.71, 31.30) 27.08 (26.67, 27.49) <0.001

CI, confidence interval; PIR, poverty-income ratio; BMI, body mass index.

TABLE 2 Weighted logistic regression model analysis of the correlation between fat mass and adult asthma.

Models Crude model Model 1 Model 2
OR (95%Cl) OR (95%Cl) OR (95%Cl)

Left arm fat mass 1.344 (1.209-1.494) <0.001 1.230 (1.091-1.386) 0.001 1.219 (1.027-1.446) 0.024
Left leg fat mass 1.127 (1.086-1.170) <0.001 1.074 (1.029-1.121) 0.002 1.063 (1.009-1.120) 0.022
Right arm fat mass 1.340 (1.206-1.490) <0.001 1.230 (1.094-1.383) 0.001 1.214 (1.024-1.439) 0.026
Right leg fat mass 1.123 (1.083-1.164) <0.001 1.069 (1.026-1.115) 0.002 1.056 (1.006-1.108) 0.029
Trunk fat mass 1.033 (1.017-1.049) <0.001 1.029 (1.013-1.046) 0.001 1.026 (1.009-1.043) 0.007
Total fat mass 1.021 (1.013-1.029) <0.001 1.015 (1.007-1.024) <0.001 1.011 (1.005-1.019) 0.006

Crude model, not adjusted; Model 1, adjusting for gender, age, race, educational level and PIR; Model 2, adjusting for Model 1+ BMI, asthma family history, smoking history, diabetes,
hypertension and hypercholesterolemia. OR, odds ratio; CI, confidence interval; PIR, poverty-income ratio; BMI, body mass index.

fat mass (OR=1.448, 95% CI=1.305-1.607, p<0.001), right arm fat
mass (OR=1.331, 95% CI=1.224-1.447, p<0.001), right leg fat mass
(OR=1.396, 95% CI=1.261-1.545, p<0.001), trunk fat mass
(OR=1.216, 95% CI=1.121-1.318, p<0.001), and total fat mass
(OR=1.346, 95% CI=1.236-1.466, p<0.001) were associated with an
increased risk of adult asthma (Figure 4). The estimated causal effects of
each SNP on adult asthma are shown in Supplementary Figures S1-56.

The MR-PRESSO global test p-values for all six fat mass indicators
were larger than 0.05 after eliminating outlier SNPs, suggesting that
there was no horizontal pleiotropy (Table 3). In the heterogeneity test,
there was no heterogeneity among the SNPs in the six causal
relationships (all p>0.05, I* <25%) (Table 3). The MR-Egger regression
intercepts for all six fat mass indicators were not statistically different
from zero (all p>0.05), suggesting that there was no horizontal
(Table 3;
Supplementary Figures S8-513 showed that in the leave-one-out

pleiotropy of SNPs Supplementary Figure S7).
analysis, no SNPs significantly affected the total impact.
Supplementary Figure 514 show that there was no pleiotropy since the
funnel plot was symmetrical. Our MR findings were reliably
confirmed by all sensitivity evaluations.

3.4 The reverse MR

In the reverse MR analysis of adult asthma on the six fat mass
indicators, 14 SNPs were included for each of left arm fat mass, left leg
fat mass, right arm fat mass, right leg fat mass, and total fat mass, while
15 SNPs were included for trunk fat mass. All SNPs had F-statistics >
10 (Supplementary Tables S8-513). The results of the IVW method
showed no causal effect of adult asthma on six fat mass indicators (all
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p>0.05) (Figure 5). The estimated causal effects of each SNP on six fat
mass indicators are shown in Supplementary Figures S15-520. The
results of both the MR-PRESSO global test and MR-Egger regression
showed that SNPs did not have horizontal pleiotropy (Table 3;
Supplementary Figure 521). In analyzing the causal effect of adult
asthma on trunk fat mass, the heterogeneity test had I*>25%, so the
random effects model of IVW was used. For the other fat mass
indicators, there was no heterogeneity observed (all p>0.05, I* <25%)
(Table 3). The results of the leave-one-out analysis and the funnel plot
were shown in Supplementary Figures 522-528.

4 Discussion

We used a bidirectional MR analysis in conjunction with cross-
sectional data from the NHANES 2011-2018 to investigate the
relationship between body fat distribution measures and adult asthma.
The results indicated that body fat distribution measurements were
associated with an increased risk of adult asthma, and exhibited a
unidirectional causal relationship in MR analysis.

Numerous studies have examined the link between obesity and
asthma. In order to evaluate the association between adult asthma and
obesity, Brumpton et al. (7) recruited 23,245 people from the
Norwegian population for their prospective research. They defined
general obesity as a BMI >30kg/m’. After 11 years of follow-up, they
found that general obesity increased the risk of asthma in both adult
men (OR=1.84, p <0.05) and women (OR=1.96, p <0.05). A
multicenter clinical study by Liu et al. (12) included 11,868 US adults
and found that both underweight (BMI < 18.5kg/m?) and obesity
(BMI > 30kg/m?*) were risk factors for asthma. Although BMI is
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FIGURE 3
Restricted cubic spline curve (4 knots) to identify the relationship between body fat distribution measurements and adult asthma. (A) Left arm fat mass;
(B) Left leg fat mass; (C) Right arm fat mass; (D) Right leg fat mass; (E) Trunk fat mass; (F) Total fat mass. Solid blue curves are multivariable-adjusted
OR, with light blue area showing 95% CI. The reference line for no association is indicated by dashed black line at a OR of 1.0. The association was
adjusted for gender, age, race, educational level, PIR, BMI, asthma family history, smoking history, diabetes, hypertension and hypercholesterolemia.
OR, odds ratios; Cl, confidence interval; PIR, poverty-income ratio; BMI, body mass index.

widely used and simple to measure, it has limitations. A study by
Tomiyama et al. (26) included 40,420 US adults, who were stratified
by BMI to investigate cardiac metabolic conditions across different
groups. They found that 50% of the overweight individuals and 29%
of those classified as obese were metabolically healthy, whereas over
30% of those with normal weight had unhealthy cardiac metabolism.
Lahav et al. (27), after analyzing medical examination data from
approximately 3,000 Israeli adult men and women, found that body
fat percentage was a more reliable predictor of overall individual
health and cardiac metabolic risk than BMI. Prillaman (28) pointed
out that obesity should be redefined. He believed that BMI only
considered height and weight, yet neglected other factors such as body
fat, which might potentially have a more significant influence on one’s
health. In light of this, in our study, we utilized body fat distribution
measurements to evaluate the correlation between obesity and
adult asthma.

Following the adjustment for 11 covariates, including age and
gender, the weighted logistic regression analyses in the cross-sectional
study from NHANES 2011-2018 revealed that fat mass in the left arm,
left leg, right arm, right leg, trunk, and overall body was linked to an
increased risk of adult asthma. Furthermore, to assess the trend of
asthma risk increasing with fat mass, we employed RCS for analysis.
A U-shaped connection between BMI and asthma risk was found in
a study by Sun et al. (11). However, our RCS analysis revealed a
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J-shaped relationship between six fat mass indicators and asthma risk,
indicating that below a certain threshold, changes in fat mass did not
affect asthma risk, but beyond this threshold, asthma risk increased
with fat mass. Indeed, this J-shaped relationship simplifies the
association between fat mass and asthma compared to BMI, which
requires concern both for being too high and too low. However, cross-
sectional studies can only establish the correlation between body fat
distribution measurements and adult asthma, and cannot determine
the causal relationship or direction between the two (29). Therefore,
we further used a bidirectional MR study to investigate their causal
link and direction. In the forward MR analysis evaluating the causal
effect of fat mass on adult asthma, with the IVW method as the
primary approach, we found that all six fat mass indicators increased
the risk of asthma. Additionally, sensitivity analysis supported the
reliability of the MR analysis. In the reverse MR analysis, the IVW
method’s findings demonstrated that none of the six fat mass
indicators were causally impacted by adult asthma.

Several reasons may account for the correlation between high fat
mass and a higher incidence of asthma in adults. One possible reason
is that the buildup of adipose tissue in the chest wall and abdominal
wall may reduce the compliance of the respiratory system, thus
affecting the circulation of gasses and resulting in reduced functional
residual capacity (FRC) (30). Reduced FRC weakens the mutual
support between the airways and the parenchyma, which in turn
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Exposure Outcome Methods SNPs OR(95%Cl) P
Left arm fat mass  Asthma 1
VW 232 X — 1.326(1.219~1.442) <0.0001
Weighted median 232 . e 1.335(1.173~1.519) <0.0001
MR Egger 232 Lo i 1.354(1.061~1.728) 0.0155
Left leg fat mass Asthma :
VW 235 1 ——————i 1.448(1.305~1.607) <0.0001
Weighted median 235 : L J 1.486(1.259~1.754) <0.0001
MR Egger 235 o i 1.412(1.032~1.931) 0.0319
Right arm fat mass Asthma .
VW 232 ' ——e— 1.331(1.224~1.447) <0.0001
Weighted median 232 : ——— 1.371(1.196~1.572) <0.0001
MR Egger 232 [ | 1.365(1.069~1.743) 0.0132
Right leg fat mass  Asthma :
VW 242 . — 1.396(1.261~1.545) <0.0001
Weighted median 242 : —_———— 1.478(1.267~1.725) <0.0001
MR Egger 242 L i 1.418(1.038~1.939) 0.0294
Trunk fat mass Asthma !
VW 240 | —e— 1.216(1.121~1.318) <0.0001
Weighted median 240 | ———— 1.197(1.054~1.359) 0.0056
MR Egger 240 } | 1.274(1.000~1.622) 0.0509
Total fat mass Asthma .
VW 234 : —e— 1.346(1.236~1.466) <0.0001
Weighted median 234 | ——————— 1.465(1.286~1.670) <0.0001
MR Egger 234 Lo 1 1.382(1.068~1.788) 0.0146
0‘,8 1‘ 1‘2 1|4 1!6 1|8 é
FIGURE 4
Forward MR analysis results for the causal effect of six fat mass indicators on adult asthma. MR, Mendelian randomization; SNPs, single nucleotide
polymorphisms; IVW, inverse-variance weighted; OR, odds ratio; Cl, confidence interval.

TABLE 3 Sensitivity analysis of MR.

Exposure  Outcome MR-PRESSO MR-Egger Cochran Q test Rucker's Q'
test
Casual sd Global @ Intercept se I? (@]
estimate testp value

Left arm fat Asthma 0.282 0.040 0.897 —4.55E-04 0.003 | 0856 | 204912 | 0.891 | 127% | 204.879 | 0.882

mass

Left leg fat Asthma 0370 0.051 0.811 4.35E-04 0.003 | 0867 | 214565 & 0814 = 9.1% | 214537 | 0.802

mass

Rightarm fat | Asthma 0.286 0.040 0.871 —5.57E-04 0.003 = 0.825 204734 0893 | 12.8% = 204.686 | 0.884

mass

Right leg fat Asthma 0.334 0.049 0.899 —2.75E-04 0.003 | 0917 | 212959 | 0903 | 132% | 212948 | 0.895

mass

Trunk fat mass | Asthma 0.195 0.039 0.846 —0.001 0.003 | 0688 | 215282 | 0.863 & 11.0% | 215121 | 0.854

Total fat mass | Asthma 0.297 0.041 0919 —5.52E-04 0.003 | 0833 | 205228 | 0905 & 135% | 205.183 | 0.897

Asthma Left arm fat 0.001 0.007 0.584 —0.006 0004 | 0157 = 11203 | 0594  16.0% 8.922 0.710
mass

Asthma Left leg fat —0.001 0.006 0352 —0.004 0.004 0266 14651 0330 @ 11.3% = 13160 | 0358
mass

Asthma Right arm fat 0.003 0.007 0.486 —0.007 0.004 | 0147 12346 | 0500 = 53% 9.938 0.621
mass

Asthma Right leg fat —0.001 0.007 0.324 —0.004 0004 | 0291 | 14531 | 0338 | 105% | 13.188 | 0.356
mass

Asthma Trunk fat mass 0.008 0.009 0.100 —1.62E-04 0.005 0976 21286 0095 | 342% = 21284 | 0.067

Asthma Total fat mass 0.003 0.008 0.446 —0.004 0004 | 0351 12820 | 0462 = 14% 11877 | 0.456

MR, Mendelian randomization; MR-PRESSO, Mendelian Randomization Pleiotropy RESidual Sum and Outlier; sd, standard deviation; se, standard error.
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Exposure Outcome Methods SNPs B(95%Cl) P
Asthma Left arm fat mass '
VW 14 »—\'»—| 0.001(-0.014~0.016) 0.9029
Weighted median 14 D—O:—1 -0.002(-0.022~0.018) 0.8381
MR Egger 14 —t 0.057(-0.017~0.131) 0.1583
Asthma Left leg fat mass :
VW 14 —e— -0.001(-0.013~0.011) 0.9112
Weighted median 14 i—ql—l -0.001(-0.017~0.015) 0.8873
MR Egger 14 : 0.036(-0.027~0.099) 0.2847
Asthma Right arm fat mass .
VW 14 i—:0—1 0.003(-0.012~0.018) 0.6959
Weighted median 14 =o— 0.004(-0.016~0.024) 0.6625
MR Egger 14 — 0.061(-0.014~0.136) 0.1359
Asthma Right leg fat mass :
VW 14 I—ﬁ"—l —0.001(-0.013~0.011) 0.9429
Weighted median 14 el -0.005(-0.021~0.012) 0.5955
MR Egger 14 : 0.035(-0.028~0.098) 0.3061
Asthma Trunk fat mass !
VW 15 i—:—O—l 0.008(-0.011~0.027) 0.4079
Weighted median 15 i—'r—I 0.001(-0.019~0.021) 0.8917
MR Egger 15 . 0.009(-0.085~0.103) 0.8511
Asthma Total fat mass .
VW 14 i—:’—‘ 0.003(-0.012~0.018)  0.7051
Weighted median 14 —e— —0.001(—0.020~0.018) 0.9569
MR Egger 14 : 1 0.039(-0.035~0.113) 0.3245
—6.1 —0{05 6 O.IOS 0ﬁ1 0.‘15
FIGURE 5
Reverse MR analysis results for the causal effect of adult asthma on six fat mass indicators. MR, Mendelian randomization; SNPs, single nucleotide
polymorphisms; IVW, inverse-variance weighted; Cl, confidence interval.

causes the collapse and narrowing of the airways (31). Additionally, ~ we did not go into the specific mechanisms via which excess fat
a longitudinal study from Korea found that fat increased airway  increases the risk of adult asthma.
hyperresponsiveness in adults, which is an important feature of
asthma (32). Another possible reason is that fat increases the risk of
asthma by promoting inflammation. Large numbers of macrophages 5 Conclusion
were found in the adipose tissue of obese individuals by Weisberg
et al. (33). According to Periyalil et al. (34), the majority of the In conclusion, the results from both cross-sectional studies and
macrophages in the obese asthma patients’ adipose tissue were MR analysis support a correlation between body fat distribution and
pro-inflammatory. Leptin is a hormone released by fat cells that has  the risk of adult asthma, with higher fat mass potentially increasing
pro-inflammatory and immune-regulating effects (35). Sidelevaetal.  the risk of adult asthma. However, reverse MR did not find evidence
(36) found that the expression of leptin was increased in obese  that asthma could increase fat mass. Our study provides a new
asthma patients, suggesting it might be a significant mediator in the ~ perspective on the prevention and treatment of asthma in adults, and
occurrence of airway diseases in obese individuals. Further research ~ more research is still needed to validate our findings in the future.
is needed to validate our hypotheses regarding how fat increases the
risk of asthma.

Our study’s strength is that we used cross-sectional studies in Data availabi llty statement
conjunction with MR analysis to assess the association between body
fat distribution measurements and adult asthma risk. We considered The datasets presented in this study can be found in online
both epidemiology and genetics, and using these two methods  repositories. The names of the repository/repositories and accession
together greatly reduced the effects of reverse causation and  number(s) can be found in the article/Supplementary material.
confounding variables. The consistency of conclusions from both
approaches also makes the research findings more reliable.
Furthermore, the bidirectional MR analysis we employed not only Ethics statement
established causality but also determined the direction of the causal
relationships. However, our study is subject to certain limitations. The studies involving humans were approved by National Center
Firstly, in cross-sectional studies, asthma diagnoses are often basedon  for Health Statistics. The studies were conducted in accordance with
survey questionnaires, which can introduce bias. Secondly, in contrast ~ the local legislation and institutional requirements. The ethics
to the NHANES, which mostly surveys Americans, MR covers people ~ committee/institutional review board waived the requirement of
all around Europe. Disparities in race might influence the results.  written informed consent for participation from the participants or
Thirdly, the impact of body fat mass on the risk of adult asthma across ~ the participants’ legal guardians/next of kin because Data were
different genders was not examined due to data constraints. Finally,  obtained from public databases.
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