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Objective: Data from NHANES 2001-2018 were used to examine the relationship
between metabolism score for visceral fat (METS-VF) and asthma prevalence.

Methods: We assessed the association between METS-VF and asthma disease
using multiple logistic regression analysis from the National Health and Nutrition
Examination Survey (NHANES), 2001-2018, followed by subgroup analysis for
sensitive populations. To determine whether METS-VF and asthma disease had a
non-linear relationship, smooth curve fitting was used, and threshold effect
analysis was used to verify the relationship.

Results: Among the 36,876 participants, 4,919 self-reported having asthma.
When all confounders were controlled for, a positive association was found
between METS-VF and asthma prevalence (OR = 1.27, 95% Cl: 1.22,1.32), and this
positive association was stronger with elevated METS-VF (P for trend = 0.01).
According to the smooth curve fitting analysis, METS-VF and asthma prevalence
do not have a linear relationship. The double-segmented threshold effect
analysis suggested a negative correlation but no statistically significant
difference between METS-VF less than 5.24 and asthma prevalence (OR =
0.60, 95% CI: 0.33, 0.91). Besides, other METS-VF showed positive associations
with asthma prevalence before and after the effective inflection point. According
to subgroup analysis, METS-VF is associated with asthma prevalence among
participants aged 40 — 59, male, Mexican American, with hypertension and
diabetes, and without asthma history.

Conclusion: A positive correlation between METS-VF and asthma was observed
and this positive correlation was non-linear, and participants with METS-VF
above 5.24 should be cautious about the high risk of asthma. The relationship
should be given more attention to participants who are aged 40-59 years old,
male, Mexican American, have hypertension, diabetes, and who do not have a
family history of asthma.
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1 Introduction

Experiencing and repeating exacerbations of asthma will reduce
the patient’s lung function and quality of life (1, 2). Asthma is a
chronic multifactorial airway inflammation disease. Asthma
prevalence has generally increased worldwide since the end of the
last century. However, because of numerous risk factors, the
incidence of asthma may vary from region to region (3).
Consequently, researchers are interested in other factors other
than allergies and heredity that may influence asthma. As the
global economy develops, the diet of the global population
becomes more westernized, which leads to obesity becoming a
public health problem (4). Based on knowledge of asthma risk
factors, previous studies had identified obesity as a major risk factor
for asthma in children and adults (5)., Previous research found that
obesity ranked fifth among the 10 treatable traits that could
influence the development of asthma (6). In a cross-sectional
study, compared to the lean and obese groups, the odds ratio for
asthma in adults was 1.5 (7). These studies suggested that control of
obesity is effective in improving the onset of asthma.

In the current study exploring the association between obesity
and asthma, body mass index (BMI) was used to measure whether
participants developed obesity (8, 9). There is, however, some
evidence that suggests that body mass index Z-scores may not be
reliable (5). According to the World Health Organization, obesity
affects adults with a body mass index (BMI) of 30kg/m2. However,
this body mass index may indicate different physiological or
metabolic characteristics (10, 11). Currently, BMI is used mainly
for assessing peripheral obesity and is considered only to be a rough
indicator of obesity response (12). There is a relationship between
visceral fat distribution and asthma development (13) and impaired
lung function in adolescents and adults, whereas peripheral obesity
is not associated with these outcomes. In addition, previous study
also found that abnormal fat accumulation even in normal weight
people also had a negative impact on lung function (14). This might
be related to the fact that central obesity is more likely to activate the
inflammatory state of the body. Previous studies demonstrated that
obese individuals have higher levels of chronic inflammatory
biomarkers such as C-reactive protein, interleukin 6, tumor
necrosis factor-o, fibrinogen activator inhibitor 1, eosinophil
chemotactic factor, and vascular endothelial growth factor (15).
Compared to peripheral obesity, central obesity, which responds to
the degree of visceral adiposity, was more likely to have an activated
inflammatory state (16). Since magnetic resonance imaging (MRI)
scans are the gold standard for assessing visceral adipose tissue
(VAT), their cost limits their widespread use and it is difficult to
repeat the procedure in the near future (17). As a result, there are
still few studies linking visceral fat distribution to asthma.

Abbreviations: NHANES, National Health and Nutrition Examination Survey;
BMI, body mass index; PIR, ratio of family income to poverty; NCHS, National
Center for Health Statistics; CI, confidence interval; OR, odds ratio; MetS,
metabolic syndrome; TG, Triglyceride; TC, Cholesterol; FPG, fasting

plasma glucose.
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In order to assess VAT, the concept of the metabolism score for
visceral fat (METS-VF) was proposed (18). This concept has been
shown to offer a better advantage to the (18) than BMI for disease
development in multiple systems. However, the relationship between
METS-VF and asthma has not been clearly demonstrated. The
purpose of this study is to examine the association between METS-
VF and asthma prevalence using data from the US Survey of Disease
and Nutrition Examination (NHANES).

2 Materials and methods
2.1 Data source

The NHANES database was used for this study. NCHS is an
agency of the Centers for Disease Control and Prevention of the
Centers for Disease Control and Prevention that conducts
NHANES annually to assess health, nutrition, and health
behaviors among unstructured populations in the US. To obtain
representative data, NHANES uses a multistage probability
sampling design. As part of the implementation of the NHANES
protocols, the NCHS Research Ethics Review Board reviewed and
standardized all procedures in accordance with the Human
Research Subject Protection Policy of the US Department of
Health and Human Services (HHS). Each individual takes part in
the survey. The National Health and Nutrition Examination Survey
(NHANES) released all data for this study without additional
authorization or ethics review.

2.2 Study population

A total of nine NHANES survey cycles (2001-2018) were
selected for cross-sectional studies in this study. In the survey,
91,352 people participated and only adults were surveyed (n =
41,150), so minors aged 20 and under were excluded (n = 91,352).
We also excluded participants with the following missing
information, which included METS-VF (n=12514), education
(n=39), marital (n=14), hypertension (n=130), diabetes (n=24),
smoking (n=17), activity (n=18), asthma (n=30), coronary heart
disease (n=135), cancer (n=32), and serum uric acid (n=1). The
final studies included 36,876 participants, including 4,919
participants with self-reported asthma. As shown in Figure 1, the
exclusion criteria apply.

2.3 Data collection and definition

Metabolic Score Visceral Fat (METS-VF) is a measure of
exposure to adipose tissue. METS-VF is a visceral fat metabolism
score combining insulin resistance index (METS-IR), waist to
height ratio (WHtR), age and sex. WHtR=WC(cm)/HT(cm),
METS-IR= Ln((2 x GLU) + TG) x BMI)/(Ln(HDL-C)).METS-
VF=4.466 + 0.011[(Ln(METS-IR))*]+3.329[(Ln(WHtR))?]+0.319
(sex)+0.594(Ln(age))(where GLU is expressed in mg/dL, TG in
mg/dL, BMI in kg/m* HDL-C in mg/dL, Age in years, and sex was a
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Age<20 years ( n=41150)

4{ Missing information about METS-VF index ( n= 12514)

‘ Missing information about education ( n= 39)

\—( Missing information about marital ( n=14)

7—{ Missing information about hypertention ( n= 130)

— 7‘ Missing i

about diabetes ( n=24)

‘ Missing information about smoking (n=17)

l{ Missing information about activity (n= 18)

4{ Missing information about asthma ( n=30)

4{ Missing information about coronary heart disease ( n=135)

*{ Missing information about cancer ( n= 32)

l Missing information about serum uric acid ( n= 1)

[ Delete the first 0.5% of the maximum and minimum METS-VF values ( n= 372)

Incorporate the number of the studies (n=36876) ‘

FIGURE 1
Flow chart for participants.

binary response variable (men=1, women=0)).The concentrations
of triglycerides and fasting blood glucose were determined
enzymatically by using an automated biochemical analyzers.
Chemical analyzers Roche Cobas 6000 and Modular P were used
to measure serum triglyceride concentrations. According to the
questionnaire, they were asked “Ever been told you have asthma?”
to determine if they had asthma. The occurrence of asthma was
designed as the outcome variable.

Multivariate-adjusted models summarize potential covariates
that might confound the METS-VF index’s association with asthma
(19). Covariates in our study included gender (male/female), age
(years), ethnicity, education level, poverty income ratio (PIR),
marital status (married or living with a partner/single), alcohol
consumption (drinking alcohol or not), physical activity (vigorous/
moderate/below moderate), cholesterol level (mg/dl), uric acid level
(mg/dl), smoking status (smoking or not), hypertension (whether
or not), diabetes mellitus (whether or not), coronary heart disease
(whether or not), cancer (whether or not), and dietary intake
factors. Including energy intake, fat intake, sugar intake, and
water intake. Besides 2001-2002, all participants had two 24-hour
dietary recalls during the remaining years. Our analysis will factor
in the average consumption rate for these two recalls. A detailed
description of measurement procedures for the study variables can
be found at www.cdc.gov/nchs/nhanes/.

2.4 Statistical methods

A multistage sampling design employed in selecting a
representative non-institutionalized US population was illustrated
through the application of NHANES sampling weights,
stratifications, and clustering in all statistical analyses. Using the
weights provided by the dataset, the “survey design” R package in
the R language was developed to explain NHANES’ complex
multistage stratified sampling technique. Categorical variables
were presented as weighted survey means and 95% Cls, while
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continuous variables were presented as weighted survey means
and 95% Cls. An analysis of continuous variables was conducted
using survey-weighted linear regression, and an analysis of
categorical variables was carried out with a survey-weighted chi-
square test. Based on the guidelines (20), multiple logistic regression
models were used to compare the prevalence of METS-VF index,
different three-tier arrays of METS-VF index, and asthma between
the three models. Covariates were not adjusted in Model 1.
Ethnicity, marital status, and educational level were adjusted in
Model 2. Except for age and sex (whose values are calculated into
the METS-VF index, they are not adjusted in Model 3), all variables
were adjusted. To further evaluate the relationship between the
METS-IR index and asthma prevalence, smoothing curve fitting
(penalized spline method) and generalized additive model (GAM)
regression were used. When nonlinear relationships are detected,
inflection points(the most significant difference in effect before and
after a specific METS-VF value) are determined by the like natural
ratio test. Next a multiple regression analysis was performed
stratified by sex, age, race, hypertension, diabetes and whether
relatives had asthma. A p <0.05 was considered statistically
significant. A combination of Empower software, available at
www.empowerstats.com (X&Y Solutions, Inc., Boston, MA) and
R version 4.0.2 was used to conduct analyses (http://www.r-
project.org, Theon).

3 Results
3.1 Participant characteristics

Ultimately, 36876 participants participated in this study,
including 4919 participants who self-reported asthma. The
median age of asthmatics was lower and a higher proportion of
participants were female. Asthmatic participants had a higher
METS-VF compared to non-asthmatic participants. Results of
participant baseline characteristics are shown in Table 1.
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TABLE 1 Baselines characteristics of participants, weighted.

Non-asthma formers Asthma formers
Characteristic
(n=31957) (n=4919)
Age(years) 47.04 (46.63,47.44) 44.51 (43.86,45.15) <0.0001
Serum Cholesterol(mg/dl) 196.92 (196.07,197.77) 194.70 (193.19,196.21) 0.0042
Serum Uric Acid(mg/dl) 5.40 (5.38,5.43) 5.39 (5.34,5.43) 0.4898
METS-VF 5.90 (5.89,5.92) 6.08 (6.04,6.11) <0.0001
Gender(%) <0.0001
Male 50.08 (49.49,50.66) 41.50 (39.84,43.19)
Female 49.92 (49.34,50.51) 58.50 (56.81,60.16)
Race(%) <0.0001
Mexican American 14.00 (12.43,15.74) 10.57 (9.04,12.32)
White 68.94 (66.66,71.13) 70.78 (68.10,73.33)
Black 10.31 (9.21,11.54) 12.04 (10.61,13.64)
Other Race 6.75 (6.11,7.45) 6.61 (5.63,7.73)
Education Level(%) 0.0126
Less than high school 20.57 (19.51,21.67) 18.46 (16.66,20.40)
High school 29.00 (28.07,29.95) 28.24 (26.33,30.24)
More than high school 50.43 (48.97,51.89) 53.30 (51.23,55.36)
Marital Status(%) <0.0001
Cohabitation 65.72 (64.68,66.75) 59.23 (57.29,61.14)
Solitude 34.28 (33.25,35.32) 40.77 (38.86,42.71)
Alcohol(%) 0.5013
Yes 62.59 (61.09,64.06) 63.64 (61.65,65.58)
No 20.50 (19.20,21.87) 19.67 (18.03,21.42)
Unclear 16.91 (16.06,17.80) 16.69 (15.26,18.23)
High Blood Pressure(%) <0.0001
Yes 29.34 (28.45,30.25) 34.33 (32.51,36.20)
No 70.66 (69.75,71.55) 65.67 (63.80,67.49)
Diabetes(%) 0.0052
Yes 8.12 (7.73,8.54) 9.53 (8.56,10.59)
No 91.88 (91.46,92.27) 90.47 (89.41,91.44)
Smoked(%) 0.0001
Yes 45.70 (44.64,46.76) 49.80 (47.67,51.94)
No 54.30 (53.24,55.36) 50.20 (48.06,52.33)
Physical Activity(%) 0.6511
Never 29.00 (28.08,29.93) 28.22 (26.60,29.91)
Moderate 32.03 (31.27,32.80) 32.62 (30.85,34.43)
Vigorous 38.97 (37.97,39.98) 39.16 (37.08,41.27)
Blood relatives had asthma(%) <0.0001
Yes 17.83 (17.22,18.46) 40.44 (38.58,42.33)
(Continued)
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TABLE 1 Continued
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Non-asthma formers Asthma formers

Characteristic
(n=31957) (n=4919)

No 80.35 (79.69,80.98) 56.17 (54.22,58.09)
Unclear 1.82 (1.65,2.01) 3.39 (2.80,4.11)
Coronary Artery Disease(%) 0.0194
Yes 3.31 (2.99,3.66) 4.23 (3.49,5.11)
No 96.69 (96.34,97.01) 95.77 (94.89,96.51)
Cancers(%) 0.0009
Yes 8.95 (8.50,9.43) 11.15 (9.91,12.52)
No 91.05 (90.57,91.50) 88.85 (87.48,90.09)
PIR(%) <0.0001
<13 18.58 (17.61,19.59) 24.10 (22.32,25.98)
>1.3<35 33.53 (32.46,34.62) 31.49 (29.39,33.67)
>3.5 41.42 (39.88,42.98) 38.40 (35.82,41.06)
Unclear 6.46 (5.93,7.04) 6.00 (5.08,7.08)
Total Kcal(%) 0.4393
Lower 40.50 (39.69,41.31) 40.10 (38.24,41.99)
Higher 47.72 (46.78,48.66) 47.20 (45.06,49.34)
Unclear 11.78 (11.12,12.48) 12.70 (11.31,14.24)
Total Sugar(%) 0.2664
Lower 38.78 (37.99,39.58) 37.33 (35.67,39.01)
Higher 40.00 (39.16,40.86) 40.62 (38.88,42.38)
Unclear 21.22 (20.49,21.96) 22.06 (20.57,23.62)
Total Water(%) 0.1938
Lower 40.74 (39.88,41.59) 41.55 (39.54,43.59)
Higher 47.48 (46.52,48.44) 45.75 (43.53,47.98)
Unclear 11.78 (11.12,12.48) 12.70 (11.31,14.24)
Total Fat(%) 0.3428
Lower 40.01 (39.20,40.82) 40.17 (38.29,42.07)
Higher 48.21 (47.30,49.11) 47.13 (45.05,49.22)
Unclear 11.78 (11.12,12.48) 12.70 (11.31,14.24)

For continuous variables: survey-weighted mean (95% CI), P-value was by survey-weighted linear regression (svyglm).

METS-VF, Metabolism score for visceral fat; PIR, Poverty income ratio.

3.2 Asthma prevalence was associated with
a higher METS-VF index

There was a positive association between METS-VF and asthma
prevalence in all models, and this positive association remained
stable after adjusting for all covariates (OR = 1.27, 95% CI:
1.22,1.32). Furthermore, when METS-VF was grouped by tertiles,
we found that this positive association remained and became more
pronounced with increasing METS-VF (P for trend <0.01)
(Table 2). An analysis of smooth curve fitting was conducted in
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order to clarify if there is a nonlinear relationship between METS-
VF and asthma prevalence. The results suggested that there is a
significant nonlinear relationship (Figure 2). Further, we conducted
a threshold effect analysis, and we found that there are two more
inflection points before the effective inflection point of 6.9, namely
5.24 and 5.33. After all inflection points, the linear model of METS-
VE before and after all inflection points showed a positive
correlation with asthma prevalence. Interestingly, there was a
negative relationship between METS-VF and asthma prevalence
when METS-VF was less than 5.24 (OR = 0.60, 95% CI: 0.33,1.09),
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TABLE 2 Logistic regression analysis between METS-VF index with asthma prevalence.

Characteristic Model 1 OR(95%Cl)

METS-VF Index 1.24 (1.20, 1.28)
Tertiles of METS-VF
Tertile 1 (4.62-5.25) 1

Tertile 2 (5.26-6.54) 1.17 (1.08, 1.26)

Model 2 OR(95%Cl) Model 3 OR(95%Cl)

1.24 (1.20, 1.28) 127 (122, 1.32)
1 1

1.19 (1.10, 1.29) 1.18 (1.09, 1.28)

Tertile 3 (6.55-7.78) 1.55 (1.44, 1.67)

P for trend <0.01

Model 1 was adjusted for no covariates;
Model 2 was adjusted for race, marital status and education;

1.56 (1.45, 1.68) 1.61 (1.48, 1.75)

<0.01 <0.01

Model 3 was adjusted for covariates in Model 2+diabetes,blood pressure, PIR, total water, total kcal, total sugar, total fat, smoked, physical activity, alcohol use, serum cholesterol, serum uric acid,

coronary artery disease, blood relatives had asthma and cancers were adjusted.
METS-VEF: Metabolism score for visceral fat.

but the statistical difference was not significant. Once METS-VF
exceeded 5.24, all positive correlations between METS-VF and
asthma prevalence were stable (Table 3).

3.3 Subgroup analysis

The results of the subgroup analysis suggested that the positive
association between METS-VF and asthma prevalence was stable in
all populations with different characteristics. And the more
significant population characteristics were men (OR = 1.79, 95%
CI: 1.20, 2.68), 40-59 years old (OR = 1.35, 95% CI: 1.26, 1.44),
Mexican-American (OR = 1.41, 95% CI: 1.28, 1.54), Hypertension
(OR = 1.30, 95% CI: 1.23, 1.38), Diabetes mellitus (OR = 1.36, 95%
CI: 1.23, 1.50) and the next relative had no history of asthma (OR =
1.29, 95% CI: 1.23, 1.36) (Table 4, Figure 3).

o
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©
>
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45 5.0 55 6.0 6.5 7.0 75
METS-VF Index
FIGURE 2

Density dose-response relationship between METS-VF index with
asthma prevalence. The area between the upper and lower dashed
lines is represented as 95% CI. Each point shows the magnitude of
the METS-VF index and is connected to form a continuous line.
Adjusted for all covariates except effect modifier. METS-VF:
Metabolism score for visceral fat.
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4 Discussion

This is the first cross-sectional study to assess the association
between METS-VF and asthma prevalence, based on a
representative sample of US adults. The prevalence of asthma and
METS-VF is positively correlated, but the relationship isn’t linear.
Although there was a trend of negative correlation between METS-
VF and asthma prevalence below 5.24, this trend was not
statistically different on the premise that this study had
sufficient samples.

Asthma is a chronic disease that affects the respiratory system,
with the development of medical science, the incidence of asthma
has not improved optimistically, and the disease is still closely
related to global health burdens (21). Research and clinical staff
have always had difficulty doing the primary prevention of asthma
compared to timely and effective treatment (22). The bidirectional
relationship between obesity and asthma has been recognized (23),
and obesity-related asthma has also emerged as a challenge for
researchers. Obese patients with asthma were more likely to report
continuous symptoms, miss more days of work, and use more
medications, among other possibilities. In addition, obese
asthmatics were less likely to be in asthma remission and more
likely to have severe persistent asthma (24).. However, how to
accurately assess the real situation of obesity has also become a
puzzle. As mentioned earlier, the researchers recommended BMI as
a rough indicator of obesity or overweight (12). The main
limitations of BMI include the lack of distinction between fat
mass and lean mass, and the lack of interpretation of local fat
distribution patterns (16) of local fat distribution. The association
between visceral fat abnormalities and worse lung function and
inflammation in obesity-related asthma has been further recognized
through increased research (25). Increased visceral fat is associated
with higher levels of IL-6 (26, 27), and IL-6 disrupts the homeostasis
of fatty acid metabolism, causing a state of active inflammation in
the body (28, 29). Researchers have recognized a correlation
between IL-6 and asthma development (29, 30). Based on the
results of this study, the current prevailing view is that visceral fat
is associated with a more active inflammatory state.

Additionally, we found that some participants with specific
characteristics were more likely to show a positive relationship
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TABLE 3 Subgroup analysis between METS-VF index with asthma prevalence.

Characteristic Model 1 OR (95%Cl) Model 2 OR (95%Cl) Model 3 OR (95%Cl)

Stratified by age(years)

20-39 1.19 (1.12, 1.26) 1.24 (1.17, 1.32) 1.24 (1.15, 1.33)
40-59 1.42 (1.34, 1.51) 1.43 (1.34, 1.51) 1.35 (1.26, 1.44)
60-85 1.27 (1.20, 1.35) 1.28 (1.21, 1.36) 1.32 (1.24, 1.42)

Stratified by gender

Male 1.69 (1.19, 2.41) 2.30 (1.61, 3.28) 1.79 (1.20, 2.68)

Female 1.24 (1.17, 1.32) 1.27 (1.19, 1.35) 1.26 (1.17, 1.36)

Stratified by race

Mexican American 1.38 (1.28, 1.49) 1.40 (1.29, 1.51) 1.41 (1.28, 1.54)
White 1.22 (1.16, 1.28) 1.21 (1.15,1.27) 1.24 (117, 1.31)
Black 1.21 (113, 1.29) 119 (111, 1.27) 1.20 (1.11, 1.30)
Other Race 1.28 (1.13, 1.45) 1.27 (113, 1.44) 1.36 (118, 1.57)

Stratified by hypertension

Yes 1.27 (1.21, 1.34) 1.26 (1.20, 1.33) 1.30 (1.23, 1.38)

No 1.17 (1.12, 1.22) 1.18 (1.13, 1.24) 1.25 (1.18, 1.31)

‘ Stratified by diabetes

Yes 1.31 (1.20, 1.42) 1.32 (1.21, 1.43) 1.36 (1.23, 1.50)
No 1.22 (1.17, 1.26) 1.22 (1.17, 1.26) 1.25 (1.20, 1.31)

‘ Stratified by blood relative had asthma

Yes 1.19 (1.13, 1.26) 1.19 (1.13, 1.26) 1.22 (1.14, 1.30)
No 1.22 (1.17, 1.28) 1.22 (1.17, 1.28) 1.29 (1.23, 1.36)
Unclear 1.05 (0.87, 1.27) 1.08 (0.89, 1.31) 1.25 (1.01, 1.57)

Model 1=no covariates were adjusted.
Model 2=Model 1+race, marital status and education were adjusted.
Mode3=adjusted for all covariates except effect modifier.

between METS-VF and asthma prevalence. Men, for instance, are ~ measure used. Considering the results we have currently obtained,
more troubled by this correlation than women. There are many  we believe that differences in sex hormones may have led to
factors that contribute to the global obesity rate among women,  differences in fat metabolism and distribution patterns. Previous
including diet, occupation, activity, and other factors (31). studies have shown that the interaction between reduced
However, the body mass index (BMI) is undoubtedly one testosterone levels and abdominal obesity in men, while obese

TABLE 4 Two-piecewise linear regression and logarithmic likelihood ratio test explained the threshold effect analysis of METS-VF index with
asthma prevalence.

ULR Test PLR Test LRT test

METS-VF Index

OR (95%Cl) OR (95%Cl) P value
<524 0.60 (0.33, 1.09)

1.66 (1.15, 2.40) <0.0001
>5,24 6.50 (3.12, 13.55)
<5.53 1.68 (1.27, 2.23)

1.21 (1.13, 1.30) 0.018
>5.53 1.07 (0.95, 1.21)
<69 1.20 (1.13, 1.27)

127 (1.22, 1.32) 0.008
>6.9 1.66 (1.36, 2.02)

ULR, univariate linear regression; PLR, piecewise linear regression; LRT, logarithmic likelihood ratio test, statistically significant: p<0.05.
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Subgroups OR,95%CI
Stratified by age (years)
20-39 —— 1.24 (1.15, 1.33)
40-59 —— 1.35(1.26, 1.44)
60-85 —— 1.32(1.24, 1.42)
Stratified by gender
Male —_— 1.79 (1.20, 2.68)
Female —— 1.26 (1.17, 1.36)
Stratified by race
Mexican American —— 1.41 (1.28, 1.54)
White —— 1.24 (1.17,1.31)
Black —.— 1.20 (1.11, 1.30)
Other Race —_— 1.36 (1.18, 1.57)
Stratified by hypertension
Yes —-— 1.30(1.23, 1.38)
No —— 1.25(1.18, 1.31)
Stratified by diabetes
Yes —— 1.36 (1.23, 1.50)
No —— 1.25(1.20, 1.31)
Stratified by blood relative had asthma
Yes —— 1.22(1.14, 1.30)
No —— 1.29 (1.23, 1.36)
Unclear 1.25(1.01, 1.57)
10 1.41 20

FIGURE 3

Subgroup analysis of the association between METS-VF and asthma. All the covariates in Table 1 were adjusted. In the subgroup analysis stratified by
each covariate, the model is not adjusted for the stratification variable itself. METS-VF, Metabolism score for visceral fat.

women show androgen excess (32). A woman’s fat distribution is
mainly located in her thighs, buttocks, chest, and other peripheral
areas because of estrogen (33). In terms of asthma alone, its
prevalence also differs between genders. Chowdhury NU
mentioned in their review that as children, the prevalence of
asthma increased in boys, while in adulthood, the prevalence and
severity of asthma increased in females, and that changes in sex
hormones were a factor in the variations in the prevalence of
asthma by gender (34). In addition, the metabolic syndrome
consisting of a series of metabolic abnormalities (such as
hypertriglyceridemia and low high-density lipoprotein (HDL)
cholesterol) increased in obese patients, especially Mexican
American (35), which could also explain the increased
susceptibility of the positive association between MEETS-VF and
asthma prevalence in the subgroup analysis.

Its strength lies in the fact that it is the first cross-sectional study
to examine the relationship between visceral fat distribution and
asthma prevalence, and the sample size is sufficient and
representative. It is also important to note that our study has
some limitations as well. First of all, cross-sectional studies
cannot provide a causal explanation, and whether there is a
causal relationship between METS-VF and asthma and whether
this causal relation is unidirectional or bidirectional still needs to be
determined by further research. A second limitation of this study
was that asthma was diagnosed using participants’ self-reports,
which had unavoidable recall bias, so subsequent prospective
studies are needed. Third, the potential influencing factors of
asthma and METS-VF are numerous, and although we included
as many relevant covariates as possible in the model, there is still no
guarantee to exclude the effects of other potential covariates. Finally,
based on the results of the smoothed curve fit, there was a negative
association between METS-VF and asthma when it was less than
5.24 (no statistically significant difference). The plausibility of this
result still needs to be worthy of continued investigation. Since
METS-VF as a new index lacks a clear range of normal values, we
cannot tell whether individuals with METS-VF less than 5.24 are

Frontiers in Endocrinology

obese or lean based on previous studies. However, it would be
worthwhile to confirm whether the number of participants with
METS-VEF less than 5.24 is sufficient based on the results of
smoothing curve fitting and whether it is due to other potential
confounding factors. Despite these limitations, we believe that this
study demonstrated a positive association between increased
METS-VF and asthma prevalence.

5 Summary

An increase in the METS-VF index is associated with an increase
in the incidence of asthma. The hypothesis is that treatment and
management of obesity at a young age may delay, ameliorate or
reduce the onset of asthma, but a causal relationship cannot be clearly
established, but this is of clinical concern nonetheless.

Data availability statement
The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement
The NCHS Research Ethics Review Committee approved the
NHANES survey protocol, and all participants of the study provided

informed written consent. The NHANES database is open to the
public and therefore the ethical review of this study was exempt.

Author contributions

Data analysis and manuscript writing: QL, LH. Study design
and statistical advice: QL, XH. Manuscript editing: XH, YC, LH.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1162158
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Liu et al.

Validation and review: YC, YG, WY. Quality control: LH. All
authors agreed on the journal to which the article was to be
submitted and agreed to take responsibility for all aspects of the
work. All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by the 2022 Research Fund of Anhui
Medical University (2022xkj109).

Acknowledgments

We would like to thank all NHANES participants and staff.

References

1. Kwah JH, Peters AT. Asthma in adults: principles of treatment. Allergy Asthma
Proc (2019) 40(6):396-402. doi: 10.2500/aap.2019.40.4256

2. Myers TR, Tomasio L. Asthma: 2015 and beyond. Respir Care (2011) 56(9):1389-
407. doi: 10.4187/respcare.01334

3. Stern J, Pier J, Litonjua AA. Asthma epidemiology and risk factors. Semin
Immunopathol (2020) 42:5-15. doi: 10.1007/s00281-020-00785-1

4. Golden A. Obesity's impact. Nurs Clin North Am (2021) 56:xiii-xiv. doi: 10.1016/
j.cnur.2021.08.004

5. Peters U, Dixon AE, Forno E. Obesity and asthma. ] Allergy Clin Immunol (2018)
141:1169-79. doi: 10.1016/j.jaci.2018.02.004

6. McDonald VM, Gibson PG. Treatable traits in asthma and COPD. Arch
Bronconeumol (2022) 58:583-5. doi: 10.1016/j.arbres.2021.07.003

7. Beuther DA, Sutherland ER. Overweight, obesity, and incident asthma: a meta-
analysis of prospective epidemiologic studies. Am ] Respir Crit Care Med (2007)
175:661-6. doi: 10.1164/rccm.200611-17170C

8. Akinbami LJ, Fryar CD. Current asthma prevalence by weight status among
adults: united states, 2001-2014. NCHS Data Brief (2016) 239:1-8.

9. Chen Z, Salam MT, Alderete TL, Habre R, Bastain TM, Berhane K, et al. Effects of
childhood asthma on the development of obesity among school-aged children. Am |
Respir Crit Care Med (2017) 195:1181-8. doi: 10.1164/rccm.201608-16910C

10. Freedman DS, Butte NF, Taveras EM, Lundeen EA, Blanck HM, Goodman AB,
et al. BMI z-scores are a poor indicator of adiposity among 2- to 19-year-olds with very
high BMIs, NHANES 1999-2000 to 2013-2014. Obes (Silver Spring). (2017) 25:739-46.
doi: 10.1002/0by.21782

11. Peterson CM, Su H, Thomas DM, Heo M, Golnabi AH, Pietrobelli A, et al. Tri-
ponderal mass index vs body mass index in estimating body fat during adolescence.
JAMA Pediatr (2017) 171:629-36. doi: 10.1001/jamapediatrics.2017.0460

12. Thomas EL, Frost G, Taylor-Robinson SD, Bell JD. Excess body fat in obese and
normal-weight subjects. Nutr Res Rev (2012) 25:150-61. doi: 10.1017/
50954422412000054

13. Kim JY, Choi J, Vella CA, Criqui MH, Allison MA, Kim NH. Associations
between weight-adjusted waist index and abdominal fat and muscle mass: multi-ethnic
study of atherosclerosis. Diabetes Metab ] (2022) 46:747-55. doi: 10.4093/
dmj.2021.0294

14. Gonzalez-Barcala FJ, Takkouche B, Valdes L, Leis R, Alvarez-Calderon P,
Cabanas R, et al. Body composition and respiratory function in healthy non-obese
children. Pediatr Int (2007) 49:553-7. doi: 10.1111/j.1442-200X.2007.02420.x

15. Yilmaz H, Yilmaz M, Sen N, Unsal ZE, Eyiiboglu FO, Akgay $. Investigation of
the relationship between asthma and visceral obesity by epicardial fat thickness
measurement. Turk Thorac J (2019) 20:1-5. doi: 10.5152/TurkThorac].2018.18028

16. Dixon AE, Peters U. The effect of obesity on lung function. Expert Rev Respir
Med (2018) 12:755-67. doi: 10.1080/17476348.2018.1506331

17. Kapoor N, Jiwanmall SA, Nandyal MB, Kattula D, Paravathareddy S, Paul TV,
et al. Metabolic score for visceral fat (METS-VF) estimation - a novel cost-effective
obesity indicator for visceral adipose tissue estimation. Diabetes Metab Syndr Obes
(2020) 13:3261-7. doi: 10.2147/DMS0.S266277

18. Bello-Chavolla OY, Antonio-Villa NE, Vargas-Vazquez A, Viveros-Ruiz TL,
Almeda-Valdes P, Gomez-Velasco D, et al. Metabolic score for visceral fat (METS-VF),

Frontiers in Endocrinology

10.3389/fendo.2023.1162158

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

a novel estimator of intra-abdominal fat content and cardio-metabolic health. Clin Nutr
(2020) 39:1613-21. doi: 10.1016/j.cInu.2019.07.012

19. Feng L, Chen T, Wang X, Xiong C, Chen J, Wu S, et al. Metabolism score for
visceral fat (METS-VF): a new predictive surrogate for CKD risk. Diabetes Metab Syndr
Obes (2022) 15:2249-58. doi: 10.2147/DMS0.S370222

20. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP.
The strengthening the reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. Bull World Health Organ
(2007) 85:867-72. doi: 10.2471/bl1t.07.045120

21. Lancet T. Health and wellbeing in adolescence and early adulthood. Lancet
(2019) 393:847. doi: 10.1016/S0140-6736(19)30401-5

22. Castillo JR, Peters SP, Busse WW. Asthma exacerbations: pathogenesis,
prevention, and treatment. J Allergy Clin Immunol Pract (2017) 5:918-27.
doi: 10.1016/}.jaip.2017.05.001

23. Zhu Z, Guo Y, Shi H, Liu CL, Panganiban RA, Chung W, et al. Shared genetic
and experimental links between obesity-related traits and asthma subtypes in UK
biobank. J Allergy Clin Immunol (2020) 145:537-49. doi: 10.1016/j.jaci.2019.09.035

24. Taylor B, Mannino D, Brown C, Crocker D, Twum-Baah N, Holguin F. Body
mass index and asthma severity in the national asthma survey. Thorax (2008) 63:14-20.
doi: 10.1136/thx.2007.082784

25. Collins LC, Hoberty PD, Walker JF, Fletcher EC, Peiris AN. The effect of body
fat distribution on pulmonary function tests. Chest (1995) 107:1298-302. doi: 10.1378/
chest.107.5.1298

26. Hildebrand S, Stiimer J, Pfeifer A. PVAT and its relation to brown, beige, and
white adipose tissue in development and function. Front Physiol (2018) 9:70.
doi: 10.3389/fphys.2018.00070

27. Kiefer FW. The significance of beige and brown fat in humans. Endocr Connect
(2017) 6:R70-70R79. doi: 10.1530/EC-17-0037

28. Kwon H, Pessin JE. Adipokines mediate inflammation and insulin resistance.
Front Endocrinol (Lausanne). (2013) 4:71. doi: 10.3389/fendo.2013.00071

29. Wolsk E, Mygind H, Grondahl TS, Pedersen BK, van Hall G. IL-6 selectively
stimulates fat metabolism in human skeletal muscle. Am ] Physiol Endocrinol Metab
(2010) 299:E832-40. doi: 10.1152/ajpendo.00328.2010

30. Rincon M, Irvin CG. Role of IL-6 in asthma and other inflammatory pulmonary
diseases. Int ] Biol Sci (2012) 8:1281-90. doi: 10.7150/ijbs.4874

31. Garawi F, Devries K, Thorogood N, Uauy R. Global differences between women
and men in the prevalence of obesity: is there an association with gender inequality. Eur
J Clin Nutr (2014) 68:1101-6. doi: 10.1038/ejcn.2014.86

32. Pasquali R. Obesity and androgens: facts and perspectives. Fertil Steril (2006)
85:1319-40. doi: 10.1016/j.fertnstert.2005.10.054

33. Lovejoy JC, Sainsbury A. Sex differences in obesity and the regulation of energy
homeostasis. Obes Rev (2009) 10:154-67. doi: 10.1111/§.1467-789X.2008.00529.x

34. Chowdhury NU, Guntur VP, Newcomb DC, Wechsler ME. Sex and gender in
asthma. Eur Respir Rev (2021) 30:210067. doi: 10.1183/16000617.0067-2021

35. Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among
US adults: findings from the third national health and nutrition examination survey.
JAMA (2002) 287:356-9. doi: 10.1001/jama.287.3

frontiersin.org


https://doi.org/10.2500/aap.2019.40.4256
https://doi.org/10.4187/respcare.01334
https://doi.org/10.1007/s00281-020-00785-1
https://doi.org/10.1016/j.cnur.2021.08.004
https://doi.org/10.1016/j.cnur.2021.08.004
https://doi.org/10.1016/j.jaci.2018.02.004
https://doi.org/10.1016/j.arbres.2021.07.003
https://doi.org/10.1164/rccm.200611-1717OC
https://doi.org/10.1164/rccm.201608-1691OC
https://doi.org/10.1002/oby.21782
https://doi.org/10.1001/jamapediatrics.2017.0460
https://doi.org/10.1017/S0954422412000054
https://doi.org/10.1017/S0954422412000054
https://doi.org/10.4093/dmj.2021.0294
https://doi.org/10.4093/dmj.2021.0294
https://doi.org/10.1111/j.1442-200X.2007.02420.x
https://doi.org/10.5152/TurkThoracJ.2018.18028
https://doi.org/10.1080/17476348.2018.1506331
https://doi.org/10.2147/DMSO.S266277
https://doi.org/10.1016/j.clnu.2019.07.012
https://doi.org/10.2147/DMSO.S370222
https://doi.org/10.2471/blt.07.045120
https://doi.org/10.1016/S0140-6736(19)30401-5
https://doi.org/10.1016/j.jaip.2017.05.001
https://doi.org/10.1016/j.jaci.2019.09.035
https://doi.org/10.1136/thx.2007.082784
https://doi.org/10.1378/chest.107.5.1298
https://doi.org/10.1378/chest.107.5.1298
https://doi.org/10.3389/fphys.2018.00070
https://doi.org/10.1530/EC-17-0037
https://doi.org/10.3389/fendo.2013.00071
https://doi.org/10.1152/ajpendo.00328.2010
https://doi.org/10.7150/ijbs.4874
https://doi.org/10.1038/ejcn.2014.86
https://doi.org/10.1016/j.fertnstert.2005.10.054
https://doi.org/10.1111/j.1467-789X.2008.00529.x
https://doi.org/10.1183/16000617.0067-2021
https://doi.org/10.1001/jama.287.3
https://doi.org/10.3389/fendo.2023.1162158
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Asthma prevalence is increased in patients with high metabolism scores for visceral fat: study reports from the US
	1 Introduction
	2 Materials and methods
	2.1 Data source
	2.2 Study population
	2.3 Data collection and definition
	2.4 Statistical methods

	3 Results
	3.1 Participant characteristics
	3.2 Asthma prevalence was associated with a higher METS-VF index
	3.3 Subgroup analysis

	4 Discussion
	5 Summary
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


