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ABSTRACT
Background: Abdominal obesity is associated with reduced lung function. It remains unclear whether 
this results from mechanical pressure or whether visceral fat also plays a role via inflammation. Our aim 
was to examine the association between visceral fat and lung function, and the role of inflammation.
Methods: In this cross-sectional analysis, visceral fat was measured by magnetic resonance imaging and 
lung function by spirometry. We examined the association between visceral fat and lung function, and 
mediation by CRP, GlycA, FeNO, leptin, and adiponectin.
Results: We included 2,266 participants, mean age 56 (6) years and 90 (56) cm2 visceral fat. After 
adjusting for confounding factors including total body fat and waist circumference, per SD of visceral 
fat, FEV1 was 3.6% lower (95% CI: −4.9,-2.4), and FVC was 3.6% (−4.6,-2.6) lower. No mediation was 
observed by GlycA, FeNO and adiponectin. CRP and leptin together mediated 22% of the association 
with FEV1 and 19% with FVC.
Conclusion: In a middle-aged general population with a normal lung function, visceral fat was 
associated with reduced lung function. This association was for 20% mediated by CRP and leptin. 
Future research should explore the remaining mechanisms underlying the association between visceral 
fat and lung function.
Trial registration: CT.gov identifier NCT03410316.
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1. Introduction

Obesity is increasingly prevalent in the world and a strong risk 
factor for not only metabolic and cardiovascular disease, but 
also for pulmonary diseases such as asthma [1–3]. It is well 
established that obesity, and in particular abdominal obesity, 
is associated with reduced lung function, but the underlying 
mechanisms remain unknown [4].

One of the potential mechanisms underlying reduced lung 
function in people with abdominal obesity is mechanical pres
sure: the presence of abdominal fat restricts lung volume by 
impacting the ventilation mechanics [5] including limitation of 
diaphragmatic mobility [6]. Another suggested but not fully 
investigated mechanism for the impact of obesity on lung 
function is inflammation [7].

It is well known that in particular intra-abdominal visceral 
adipose tissue is metabolically active and secretes pro- 
inflammatory cytokines, primarily interleukin-6 (IL-6) and 
tumor necrosis factor α (TNF-α) and hormones such as leptin 
and adiponectin. Furthermore, visceral fat is associated with 

increased circulation of fatty acids, which may contribute to an 
inflammatory state [8]. Whereas C-reactive protein (CRP) and 
Glycoprotein acetylation (GlycA) are considered potential mar
kers of low-grade systemic inflammation [9,10], fractional 
exhaled nitric oxide (FeNO) is nitric oxide in exhaled air which 
is produced by the airway epithelium and is considered 
a marker of airway inflammation [11]. It is yet unknown 
whether excess visceral fat has an impact on airway inflamma
tion. Leptin plasma concentrations are increased in over
weight and obesity and associated with reduced Forced 
Expiratory Volume in 1 s (FEV1) [12]. Adiponectin plasma con
centrations are reduced in overweight and obesity, but not 
much been known about the association between adiponectin 
levels and lung function [13].

Only few studies have investigated the relation between 
visceral fat and lung function in the general population. 
A recent study observed that women aged ≥65 years with 
a visceral fat area below 100 cm2, measured with the bioelec
trical impedance analysis method, had a higher Forced Vital 
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Capacity (FVC) than women with visceral fat ≥100 cm2, 
whereas no difference was observed in FVC between those 
with high and low visceral fat in women aged below 65 years 
and in men [14]. An earlier study reported that visceral fat was 
negatively associated with lung function in both men and 
women, also after adjustment for other measures of adiposity 
[15]. In line with the aforementioned studies in Asian popula
tions, a study in 98 Caucasian men found that an additional 
200 cm2 of visceral fat was associated with a 4.6% decrease in 
Forced Expiratory Volume in 1 s (FEV1) predicted [16]. 
However, this study was in men with the metabolic syndrome 
and the analysis was not adjusted for total body fat, which is 
important because visceral fat is strongly related to total body 
fat [17]. Therefore, it remains unclear to what extent excess 
visceral fat is specifically associated with reduced lung 
function.

Based on these considerations, here we aimed to investi
gate the specific association between visceral fat and lung 
function and to examine the mediating role of inflammation 
measured via CRP, GlycA, FeNO, leptin, and adiponectin in the 
pathway of excess visceral fat to reduced lung function. The 
hypothesized underlying model of this study is visualized in 
Figure 1.

2. Methods

2.1. Study design and population

The present study is a cross-sectional analysis of baseline 
measurements of the Netherlands Epidemiology of Obesity 
(NEO) study, a population-based, prospective cohort study. 
Between September 2008 and September 2012, 6,671 men 
and women aged between 45 and 65 years were included. 
The study design and population are described in detail else
where [18].

In short, men and women with a self-reported BMI ≥27 kg/ 
m2 living in the greater area of Leiden (in the West of the 
Netherlands) were eligible to participate in the NEO study. In 
addition, in one municipality (Leiderdorp), all inhabitants aged 

45–65 years were invited irrespective of their BMI, allowing for 
a reference distribution of BMI. Participants completed 
a general questionnaire at home and underwent an extensive 
physical examination at the study center, including blood 
sampling and spirometry. Research nurses recorded names 
and dosages of current medication used during the month 
preceding the study visit. At the study center, the participants 
completed a screening form, asking about anything that 
might create a health risk or interfere with MRI (most notably 
metallic devices, claustrophobia, or a body circumference of 
more than 1.70 m). Of the participants who were eligible for 
MRI, approximately 35% were randomly selected to undergo 
direct assessment of abdominal subcutaneous adipose tissue 
and visceral adipose tissue. For the present study, we included 
participants with an assessment of visceral fat by MRI. 
Participants with missing data on confounding factors, med
iating, or outcome variables were excluded. The study was 
approved by the medical ethics committee of the LUMC and 
all participants gave written informed consent.

2.2. Data collection

Participants reported their medical history of asthma, chronic 
obstructive pulmonary disease (COPD), diabetes and cardio
vascular disease (including myocardial infarction, angina, con
gestive heart failure, stroke or peripheral vascular disease) on 
the questionnaire. The participant reported their ethnicity 
which was grouped into white and other. The highest com
pleted level of education was reported and grouped into low 
education (no education, primary education or lower voca
tional education) and high education (other). Smoking beha
vior was reported, and participants were divided into three 
groups: never, former, and current smoker. In addition, the 
number of pack-years was calculated. The participants 
reported the frequency and duration of their physical activity 
during leisure time using the SQUASH questionnaire [19], 
which we expressed as the Metabolic Equivalent of Task- 
hours (MET-hours) per week [20]. In women, menopausal 

Figure 1. Overview of the proposed underlying model and role of confounders. Figure presents the hypothesized pathways from effect of visceral fat to lung 
function, with a direct effect and an indirect effect via mediation of inflammation. Also the influence of potential confounding factors is depicted. No confounding 
between the mediators and the outcome is assumed.
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status was categorized in pre- and postmenopausal state 
according to information on oophorectomy, hysterectomy, 
and self-reported state of menopause in the questionnaire.

Blood was drawn after an overnight fast. Plasma glucose, 
glycosylated hemoglobin-type A1C (HbA1c), serum triglycer
ides and serum high-density lipoprotein-cholesterol (HDL-c) 
were analyzed at the central clinical chemistry laboratory of 
the LUMC using standard assays. LDL-c concentrations were 
calculated using the Friedewald equation [21]. Serum concen
trations of CRP were determined using a high-sensitivity CRP 
assay (hs-CRP, TINA-Quant CRP HS system, Roche, Germany 
and Modular P800, Roche, Germany). GlycA concentrations 
were measured in plasma that had undergone one previous 
freeze–thaw cycle, using a high-throughput proton nuclear 
magnetic resonance (NMR) spectroscopy (Nightingale Health 
Ltd., Helsinki, Finland). GlycA is a composite measure of 
changes in N-glycan side chains that are attached to acute- 
phase proteins [22]. Serum leptin was measured by a human 
leptin competitive RadioImmunoAssay (Cat Nr HL-81HK, Merck 
Millipore, Darmstadt, Germany) using a gamma counter 
(Wizard 2 3470, PerkinElmer, StatLia software). Serum total 
adiponectin was measured using a latex particle-enhanced 
turbidimetric immunoassay (Cat Nr A0299, Randox 
Laboratories Limited) on an automated analyzer (Roche 
Modular P800).

During the study visit, blood pressure was measured on the 
right arm, while seated, with a validated automatic oscillo
metric device (OMRON, Model M10-IT; Omron Health Care 
Inc, IL, U.S.A.). The Metabolic syndrome was defined according 
to the National Cholesterol Education Program Adult 
Treatment Panel III as the presence of at least three out of 
the five following criteria: (1) increased waist circumference 
(>102 cm for men, >88 cm for women); (2) raised serum trigly
ceride levels (1.7 mmol/L) or on drug treatment to reduce 
triglyceride concentrations; (3) reduced serum HDL- 
cholesterol levels (1.03 mmol/L for men, 1.3 mmol/L for 
women) or on drug treatment to elevate HDL-cholesterol; (4) 
raised blood pressure (≥130 mmHg systolic/≥85 mmHg diasto
lic) or on antihypertensive drug treatment; (5) raised fasting 
plasma glucose (5.56 mmol/L) or on drug treatment to lower 
glucose concentrations [23].

2.3. Body fat and visceral fat

At the study site, body height, weight and waist circumference 
were measured with precision of 0.1 cm or kg. BMI was calcu
lated by dividing the weight in kilograms by the height in 
squared meters. Waist circumference was measured between 
the border of the lower costal margin and the iliac crest. Total 
body fat was estimated by bio-electrical impedance analysis 
(BIA) with the Tanita foot-to-foot BIA system TBF-300A Body 
Composition Analyzer (Tanita Corporation of America, Inc., 
Arlington Heights, IL, USA).

Abdominal subcutaneous and visceral adipose tissue were 
directly assessed by MRI (1.5 T MR imaging, Philips Medical 
Systems, Best, the Netherlands) using a turbo spin echo ima
ging protocol. At the level of the fifth lumbar vertebra, three 
10 mm transverse images were obtained during a breath hold. 
The visceral and subcutaneous fat areas were quantified by 

converting the number of pixels to cm2 for all three slices, of 
which the average was used in the analyses, using in-house- 
developed software (MASS, Medis, Leiden, the Netherlands).

2.4. Lung function tests

Lung function of participants was measured by spirometry at 
the Pulmonology department of the LUMC. The Forced 
Expiratory Volume in 1 s (FEV1) and Forced Vital Capacity 
(FVC) were obtained and expressed as percentage of predicted 
taking age, height, sex and race into account [24]. The FEV1 

/FVC ratio was calculated as well. The National Health and 
Nutrition Examination Survey (NHANES) III reference equations 
were used [25]. Participants were required to perform at least 
three reproducible pulmonary function measurements, with 
a maximum difference of 5% or 150 mL between the highest 
and lowest measurement. Of these, three spirometry tests, the 
one with the highest value of FEV1 (% predicted) and FVC (% 
predicted) together was recorded for the analyses in this 
study [26].

FeNO was measured with a portable analyzer, the NIOX 
MINO (Aerocrine AB, Solna, Sweden). Participants performed 
a 10-s slow steady exhalation in which exhaled NO was 
expressed in parts per billion (ppb) [27].

2.5. Statistical analysis

Data were analyzed using STATA version 16.1 (StataCorp LP, 
College Station, TX, USA). Participants with a BMI 27 kg/m2 

were oversampled in the NEO study. To correct for this over
sampling, all analyses were weighted toward the BMI distribu
tion of the NEO participants from Leiderdorp [28], whose BMI 
distribution was similar to the general Dutch population 
[29,30]. Consequently, the results apply to a population- 
based study without oversampling of individuals with a BMI 
>27 kg/m2.

Baseline characteristics were expressed as mean (standard 
deviation, SD) or percentage, and stratified by sex. We com
pared participants with an assessment of visceral fat by MRI 
with participants without an MRI for demographic character
istics, mediators and lung function. Scatterplots were con
structed to visualize the crude association between visceral 
fat and lung function for men and women. We derived regres
sion coefficients with 95% confidence intervals using linear 
regression analyses to examine the associations between adip
osity measures BMI, total body fat, waist circumference, 
abdominal subcutaneous adipose tissue and visceral fat as 
independent variables and FEV1 (% predicted), FVC (% pre
dicted) and the FEV1/FVC ratio as dependent variables. The 
different measures of adiposity were standardized to a mean 
of 0 and a standard deviation of 1. Analyses were corrected for 
age, sex, and additionally for education, ethnicity, smoking 
history, pulmonary disease, physical activity and menopausal 
status. To investigate whether the associations were specific 
for visceral fat and not merely representing associations of 
total body fat, we adjusted the associations for total body fat 
and for waist circumference, as measures of total and abdom
inal subcutaneous fat. To examine the multicollinearity 
between the measures of body fat we calculated variance 
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inflation factors (VIF), which were under 10 and therefore 
considered acceptable [31]. We examined potential effect 
modification by sex by including an interaction term for sex 
and visceral fat in the models.

We performed two additional linear regression analyses to 
investigate the specific association of visceral fat with lung 
function and minimize the influence of the other adiposity 
measures. First, we grouped visceral fat into six categories 
based on percentiles (<50th percentile [reference], 50th-70th, 
70th-90th, 95th-99th, and >99th percentile) and used it as 
a categorical variable in the multivariate regression model. 
Because the amount of visceral fat differs by sex, we created 
this variable separately for men and women. Second, with the 
aim to further distinguish associations of abdominal subcuta
neous and visceral fat, we used linear regression analysis to 
calculate the difference in lung function in participants with 
and without excess visceral fat, defined by ≥100 cm2 com
pared with <100 cm2 [32] in participants with low and high 
waist circumference using WHO cut-offs [33] (102 cm for men 
and 88 cm for women).

To examine the mediating role of markers of inflammation 
in the associations between visceral fat and lung function, we 
performed a mediation analysis according to Baron and Kenny 
and evaluated the assumptions [34]. The distribution of the 
mediators CRP, GlycA, FeNO, leptin and adiponectin was 
skewed and therefore the mediators were log transformed 
using natural logarithm [10,35]. Linear regression models 
were constructed to estimate the direct and indirect effects 
of visceral fat on lung function. The assumption of no interac
tion between the exposure and the mediators [34] was 
checked by including an interaction term of visceral fat with 
the mediators in the linear regression models. An additional 
assumption is that there is no unmeasured confounding 
between the mediator and the outcome, hence we aimed to 
correct for all potential confounding factors and adjusted for 
age, sex, education, ethnicity, smoking history, pulmonary 
disease, physical activity, menopausal status, total body fat 
and waist circumference. To examine the extent of mediation, 
we included the mediators in the multivariate model of the 
association between visceral fat and lung function and used 
structural equation modeling [36] to obtain the percentage of 
mediation with 95% confidence intervals. As sensitivity ana
lyses, we repeated the main analyses after exclusion of parti
cipants with a pulmonary history of asthma or COPD, and after 
exclusion of participants with a measured CRP >10.0 mg/L, as 
this level of CRP could indicate the presence of an acute 
infection instead of a chronic low-grade inflammatory state.

3. Results

3.1. Characteristics of the study population

Of the 6,671 participants in the NEO study, 2,569 participants 
underwent an assessment of visceral fat by MRI. Participants 
with MRI measurements were similar to participants without 
an MRI, except for BMI (25.9 kg/m2 versus 26.6 kg/m2) and 
leptin (15.8 ug/L versus 18.0 ug/L). Participants with missing 
data were consecutively excluded (n = 308, Figure 2). As 
a result, 2,261 individuals (52% women) were analyzed in the 

present study. Mean (SD) age was 56 (6) years, BMI 25.9 
(4.0) kg/m2, visceral fat of 90 (56) cm2, Forced Expiratory 
Volume in 1 second (FEV1) of 108 (16) % predicted and 
Forced Vital Capacity (FVC) of 117 (16) % predicted.

Characteristics of the study population stratified by sex are 
presented in Table 1. Overall, men had a higher BMI, larger 
waist circumference and more visceral adipose tissue than 
women, whereas women had more total body fat and abdom
inal subcutaneous adipose tissue.

3.2. Associations between measures of adiposity and 
lung function

The estimated differences in lung function per standard devia
tion in measure of body fat adjusted for potential confounding 
factors are shown in Table 2. All measures of adiposity were 
negatively associated with FEV1 and FVC. In the multivariate 
model including total body fat and waist circumference, visc
eral fat was most strongly associated with FEV1 and FVC (both 
−3.6% predicted per SD visceral fat).

3.3. Association between visceral fat and lung function

Crude scatterplots showed a negative linear association 
between visceral fat on the x-axis and measures of lung func
tion on the y-axis (Figure 3). After adjustment for confounding 
factors including total body fat and waist circumference, each 
SD in visceral fat (56 cm2) was associated with a 3.6% lower 
FEV1 (95% CI: −4.9,-2.4) and a 3.6% lower FVC (95% CI: −4.6,- 
2.6) (Figure 4). There was no evidence for interaction between 
visceral fat and sex in the associations between visceral fat 
and FEV1, FVC and the FEV1/FVC ratio (p-value for interaction 
term 0.46, 0.75 and 0.52, respectively).

The results in Table 3 show a dose–response relation 
between percentiles groups with increasing amounts of visc
eral fat and decreased lung function, both in men and women 
(Table 3). Compared with men and women with an amount of 
visceral fat below the median (50th percentile), the adjusted 
mean FEV1 % predicted in participants with visceral fat > 99th 
percentile was 20% (95% CI −27,-13) lower in men and 12% 
(95% CI −21,-3) lower in women. Compared with men and 
women with an amount of visceral fat below the 50th percen
tile, the adjusted mean FVC % predicted in participants with 
visceral fat in the 99th percentile was 14% (95% CI −20,-8) 
lower in men and 11% (95% CI −18,-4) lower in women, and 
the adjusted mean difference in FEV1/FVC ratio was −5% (95% 
CI −8,-1) in men and −2% (95% CI −7,2) in women.

Table 4 shows that, despite small groups and wide confi
dence intervals, both in men and women with high and low 
waist circumference, excess visceral fat (here, >100 cm2) was 
associated with lower lung function than in those without 
excess visceral fat.

3.4. Mediation of the association between visceral fat 
and lung function by CRP, GlycA, FeNO, leptin and 
adiponectin

Per standard deviation of visceral fat (56 cm2), visceral fat was 
associated with higher levels of CRP and leptin (Supplemental 
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Table S1) and lower levels of adiponectin. Inspection of scat
terplots of visceral fat and the mediators showed no deviation 
from linearity. GlycA, FeNO,and adiponectin were not asso
ciated with lung function (Supplemental Table S2) and could 
not be investigated further as mediators. CRP and leptin were 
negatively associated with lung function (Supplemental Table 
S2). There was no interaction between visceral fat and CRP and 
leptin (Supplemental Table S3).

After adjustment for the potential mediators CRP and lep
tin, the association between visceral fat and FEV1 attenuated 
to −2.8% (CI −4.0,-1.5) per standard deviation of visceral fat 
(56 cm2), reflecting22% mediation by CRP and leptin, the asso
ciation of FVC attenuated to −2.9% (CI −3.9,-1.8), reflecting 
19% mediation by CRP and leptin (Figure 4). Separately, 15% 
(95% CI 7,23) of the association with FEV1 was mediated by 
CRP and 11% (95% CI 3,20) by leptin. The association with FVC 
was for 12% (95% CI 5,19) mediated by CRP and for 10% (95% 
CI 2,18) by leptin.

All associations between visceral fat and lung function 
remained similar after exclusion of participants with asthma 
or COPD (n = 231) and after exclusion of participants with 
a CRP level above 10 mg/L (n = 292).

4. Discussion

In the present study, we investigated the specific association 
between visceral fat and lung function in a general population 

of middle-aged men and women with a mean lung function 
within the normal range, and examined to what extent this asso
ciation was mediated by inflammatory markers CRP, GlycA, and 
FeNO, and by leptin and adiponectin. After adjustment for con
founding factors including total body fat and waist circumference, 
visceral fat was specifically associated with a reduction in lung 
function, i.e. with 3.6% lower FEV1 and FVC predicted per 56 cm2 

visceral fat. This association showed a dose–response relation, 
with even an up to 20% lower FEV1 % predicted in men with 
excess visceral fat than men with an amount of visceral fat below 
the median. There was no relation between the amount of visceral 
fat and the FEV1/FVC ratio. Despite large sex differences in the 
amount of visceral fat, the association between visceral fat and 
lung function was similar in men and women, and even in parti
cipants with a low waist circumference excess visceral fat was 
associated with a reduced lung function. The associations 
between visceral fat and FEV1 and FVC were for approximately 
20% mediated by CRP and leptin and not by GlycA, FeNO, or 
adiponectin.

There have only been a few previous studies reporting on 
the association between visceral adipose tissue and lung func
tion [14–16]. Findings of our study are consistent with pre
vious studies that showed that visceral adiposity is associated 
with a lower lung function. The associated reduction in lung 
function we observed was stronger than described earlier in 
men with the metabolic syndrome: 3.6% FEV1 per 56 cm2 

visceral fat versus 4.6% FEV1 per 200 cm2 visceral fat in men 

Figure 2. Flow chart of the study population. Abbreviations: CRP, c-reactive protein; FeNO, fractional exhaled nitric oxide; GlycA, glycoprotein acetylation; NEO: 
Netherlands epidemiology of obesity.
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with the metabolic syndrome [16]. Our study adds to the 
current literature that these associations of visceral fat and 
lung function remained after adjustment for total body fat 
and waist circumference and therefore are specific for visceral 

fat. This suggests that reduced lung function in those with 
abdominal obesity is not solely due to mechanical pressure, 
but that the amount of visceral fat specifically plays a role in 
reducing lung function.

Table 1. Baseline characteristics of the participants in the Netherlands epidemiology of obesity study, aged 45–65 years, stratified by 
sex (n = 2,261).

Characteristic Total Men (48%) Women (52%)

Demographic/anthropometric
Age (y) 56 (0.6) 56 (0.7) 55 (0.6)
Ethnicity (% white) 96 97 96
BMI (kg/m2) 25.9 (4.0) 26.6 (3.6) 25.3 (4.1)
Total body fat (%) 30.7 (8.3) 24.7 (5.8) 36.2 (6.1)
Waist circumference (cm) 91.4 (12.8) 97.7 (10.8) 85.5 (11.6)
Visceral adipose tissue (cm2) 89.8 (56.0) 115.3 (60.5) 66.5 (40.7)
Abdominal subcutaneous adipose tissue (cm2) 235.1 (97.0) 209.9 (84.8) 258.0 (99.3)
Tobacco smoking (% former) 46 48 45
Tobacco smoking (% current) 14 16 13
Pack years 8 (0.13) 10 (0.15) 7 (0.12)
Alcohol intake (g/d) 15 (0.16) 20 (0.19) 10 (0.11)
Physical activity (MET-hours/week) 39 (0.34) 40 (0.39) 37 (0.28)
Education level (% high) 47 50 44

Comorbidity
Asthma (%) 4 4 5
COPD (%) 4 4 4
Diabetes (%) 3 4 2
Cardiovascular disease (%) 4 4 4
Metabolic Syndrome (%) 23 29 18
Postmenopausal (%) 57

Potential mediators
CRP (mg/L) 1.9 (2.6) 1.7 (2.4) 2.1 (2.7)
GlycA (mmol/l) 1.2 (0.2) 1.3 (0.2) 1.2 (0.2)
FeNO (ppb) 18.8 (11.5) 21.3 (13.8) 16.5 (8.9)
Leptin (ug/L) 15.8 (14.4) 8.9 (7.6) 22.1 (15.5)
Adiponectin (ug/L) 9.1 (4.7) 6.6 (3.1) 11.4 (4.7)

Lung function
FEV1 (% predicted) 108 (0.16) 106 (0.17) 110 (0.15)
FVC (% predicted) 117 (0.16) 111 (0.15) 122 (0.15)
FEV1 (L) 3.4 (0.8) 3.9 (0.7) 2.9 (0.5)
FVC (L) 4.4 (1.0) 5.2 (0.9) 3.7 (0.6)
FEV1/FVC ratio (%) 76 (0.7) 76 (0.8) 77 (0.6)

Values are presented as mean (SD) or percentage. Results are based on analyses weighted towards the BMI distribution of the general 
population (n = 2,261). Availability of variables: Pack years n = 2,214, comorbidity of cardiovascular disease n = 2,252, comorbidity 
of diabetes 2 n = 2,251, metabolic syndrome n = 2,255 fasting glucose n = 2,253, HbA1C n = 2,252, triglycerides, HDL and LDL n =  
2,255. Abbreviations aSAT, abdominal subcutaneous adipose tissue; BMI, Body mass index; COPD, Chronic Obstructive Pulmonary 
Disease; CRP, c-reactive protein; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume; FVC, forced vital capacity; 
GlycA, Glycoprotein acetylation; HbA1C, haemoglobin A1C; HDL, high density lipoprotein; LDL, low density lipoprotein; MET, 
Metabolic equivalent; VAT, visceral adipose tissue. 

Table 2. Difference in measure of lung function per standard deviation of measure of body fat in the netherlands 
epidemiology of obesity study.

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

Measures of body fat Regression coefficient (95% confidence interval)
BMI age + sex −2.2 (−3.0,-1.4) −3.5 (−4.3,-2.8) 0.8 (0.5,1.1)

multivariate1 −1.6 (−2.5,-0.8) −3.2 (−4.0,-2.4) 1.0 (0.6,1.3)
TBF age + sex −4.0 (−5.2,-2.7) −5.3 (−6.4,-4.2) 0.8 (0.2,1.3)

multivariate1 −3.4 (−4.7,-2.2) −5.1 (−6.2,-3.9) 1.1 (0.5,1.6)
WC age + sex −3.6 (−4.5,-2.7) −4.5 (−5.4,-3.7) 0.5 (0.1,0.8)

multivariate1 −3.1 (−4.1,-2.1) −4.4 (−5.3,-3.4) 0.7 (0.3,1.2)
aSAT age + sex −3.0 (−3.8,-2.1) −4.0 (−4.8,-3.3) 0.6 (0.2,0.9)

multivariate1 −2.6 (−3.4,-1.7) −3.8 (−4.6,-3.0) 0.7 (0.4,1.1)
VAT age + sex −4.4 (−5.3,-3.6) −5.0 (−5.8,-4.3) 0.1 (−0.3,0.5)

multivariate1 −4.0 (−4.9,-3.1) −4.9 (−5.7,-4.1) 0.4 (−0.0,0.8)
multivariate1 TBF+WC −3.6 (−4.9, −2.4) −3.6 (−4.6, −2.6) −0.3 (−0.9, 0.3)

Results are based on linear regression analyses weighted towards the BMI distribution of the general population (n  
= 2,261 and expressed as differences in lung function per standard deviation of measure of body fat). Standard 
deviation BMI = 4 kg/m2, standard deviation WC = 13 cm, standard deviation TBF = 8%, standard deviation aSAT  
= 97 cm2, standard deviation VAT = 56 cm2. 1Multivariate models are adjusted for age, sex, education, ethnicity, 
smoking history, pulmonary disease, physical activity, menopausal status of women, in addition to TBF and WC in 
the final model of VAT. Abbreviations: aSAT, abdominal subcutaneous adipose tissue; BMI, Body mass index; CI, 
confidence interval; FEV1, forced expiratory volume; FVC, forced vital capacity; TBF, total body fat; VAT, visceral 
adipose tissue; WC, waist circumference. 
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Whereas there was no mediation of the association between 
visceral fat and lung function by GlycA, FeNO and adiponectin, 
CRP and leptin together mediated 22% of the association with 
FEV1 and 19% with FVC. We hypothesized that the underlying 
mechanism of this observation is the release of IL-6 and TNF-α 
by visceral fat, in view of their role in the regulation of CRP 
synthesis [37–39]. Leptin is also secreted by visceral fat and 
known to act as a proinflammatory cytokine [40]. Although 
the underlying mechanism linking inflammation and visceral 
fat remains unclear, research has shown elevated leptin levels 
during COPD exacerbation [41]. It has been suggested that 
leptin may regulate the infiltration and survival of inflammatory 
cells in the submucosa [41]. Nevertheless, the total mediation 
by CRP and leptin of approximately 20% may seem marginal, 
and possibly other pro-inflammatory hormones and cytokines 
that are directly secreted by the visceral adipocytes, like IL-6 
and TNF-α [8], may more strongly mediate the association 
between visceral fat and lung function. While part of the under
lying mechanism of the association between visceral fat and 
lung function still may be mechanical, this seems unlikely due 
to the small volume of visceral fat in comparison with the 
volume of subcutaneous fat (~95% of total body fat). Thus, 
the underlying mechanism of the total effect of obesity on 
lung function is a combination of mechanical and metabolic.

The presence of airflow obstruction is often measured with 
the FEV1/FVC ratio [42,43]. Whereas other studies showed that 
visceral fat was also negatively associated with the FEV1/FVC 
ratio, we only observed this in the highest percentiles of visceral 

fat [14]. The lack of association between visceral fat and the FEV1 

/FVC ratio in our study suggests that obstruction is not part of the 
association between visceral fat and reduced lung function.

Strengths of this study include the large population, infor
mation on potential confounding factors and the assessment 
of abdominal subcutaneous and visceral adipose tissue by 
MRI. A major limitation of this study is the observational 
cross-sectional design, and therefore temporal relations can
not be inferred. Despite the extensive phenotyping of the 
NEO study, we cannot exclude the possibility of residual 
confounding [44]. Our analyses showed that participants 
with an MRI scan to assess visceral fat had a somewhat 
lower BMI, lower CRP and leptin concentrations than those 
without assessment of visceral fat. Although we have no 
reason to think this may have influenced our results, our 
results pertain those who are eligible to undergo MRI. The 
majority of our study population was white, and whereas our 
findings confirm a previous observation that increased visc
eral fat was involved in the development of obstructive lung 
disease in young Japanese men [14], the susceptibility to the 
accumulation of visceral fat may differ between ethnicities 
[45], and it therefore remains unclear to what extent these 
findings can be extrapolated to other populations [8]. 
Another limitation is that pro-inflammatory cytokines that 
are directly secreted by the visceral adipocytes, predomi
nantly IL-6 and TNF-α [8], were not measured in this study 
and could therefore not be investigated as potential media
tors. Furthermore, FeNO as well may not truly reflect 

Figure 3. Scatterplots of the crude association between visceral fat and (a) FEV1, (b) FVC and (c) the FEV1/FVC ratio in the Netherlands epidemiology of obesity study 
in men (n = 1,197) and women (n = 1,064). The lines represent nonlinear associations between visceral fat and FEV1, FVC and the FEV1/FVC ratio. Correlation 
coefficients: a) ρ=-0.26, b) ρ=-0.38, c) ρ= −0.05. Abbreviations: FEV1: forced expiratory volume; FVC: forced vital capacity.
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inflammation related to visceral fat. FeNO is enhanced by 
sputum eosinophils and airway eosinophilia in bronchial 
biopsies but not with neutrophilic inflammation [46,47]. For 
example, asthma in people with obesity is associated with 
higher sputum neutrophil instead of eosinophil counts 
[48,49]. This is supported by the fact that several previous 
studies did not observe an association between BMI and 
FeNO [50,51]. The possible airway inflammation related to 
visceral fat is also accompanied by higher neutrophil instead 
of eosinophil counts, which is not detected by FeNO. Finally, 
we assessed subcutaneous and visceral fat with MRI by mea
suring three transverse slices at the level of the fifth vertebra 
instead of total visceral fat volume [44,52]. However, cross- 
sections at that level are highly correlated to total volumes 
(correlation coefficients around 0.8) [53,54].

We acknowledge that we observed the association between 
excess visceral fat and reduced lung function in a population 
with normal lung function, which may have limited clinical 
implications. Nevertheless, people with excess visceral fat may 
be more susceptible to impairment of lung function by other, 
for example, infectious causes. As an example, it was recently 
suggested that abdominal obesity was related to the severity of 
SARS-CoV-2 infection [55–57]. In addition, for those with 
chronic respiratory diseases, the additional reduction in lung 
function might be relevant. Because of the lack of association 
with FEV1/FVC, the use of lung medication to reduce obstruc
tion may not be useful for people who suffer from reduced lung 
function mainly related to visceral fat. Instead, adopting 
a healthy lifestyle should be encouraged to reduce the hazar
dous effects of overall and visceral obesity, possibly in 

Figure 4. The association between visceral fat (VAT) and (a) FEV1, (b) FVC and (c) the FEV1/FVC ratio adjusted for different combinations of potential confounders 
and mediators in the Netherlands epidemiology of obesity study. results were based on analyses weighted towards the BMI distribution of the general population 
(n=2,261) and presented as the relative change in FEV1, FVC and the FEV1/FVC ratio per standard deviation of visceral fat (56cm2) with 95% confidence intervals. 
Multivariate models are adjusted for age, sex, education, ethnicity, smoking history, pulmonary disease, physical activity, menopausal status of women. 
Abbreviations: aSAT, abdominal subcutaneous adipose tissue; CRP, c-reactive protein; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; 
TBF, total body fat; VAT, visceral adipose tissue; WC, waist circumference.
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combination with obesity medication. This is increasingly 
important given the growing prevalence of overall and abdom
inal obesity and obesity-related diseases world-wide [58].

In conclusion, in a middle-aged general population with 
a lung function within the normal range, excess visceral fat 
was specifically related with reduced lung function, also 
after taking into account measures of total and abdominal 
subcutaneous fat. This association was for 20% mediated 
by CRP and leptin. Future research should explore cyto
kines such as IL-6 and TNF-α as potential mediating vari
ables as these are directly affected by visceral fat. This may 
contribute to the understanding of the potential mechan
isms underlying the association between visceral fat and 
lung function.
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Table 3. Differences in measures of lung function per percentile group of visceral fat compared with those with visceral fat below the 50th percentile in men and 
women participating in the Netherlands epidemiology of obesity study.

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

Percentile group Regression coefficient (95% confidence interval)

Men
50th-70th percentile (VAT ranges, 107–135 cm2) −5.6 (−8.8,-2.3) −4.8 (−7.6,-2.0) −0.7 (−2.4,1.0)
70th-90th percentile 

(VAT ranges, 135–191 cm2)
−4.3 (−7.9,-0.7) −4.7 (−7.3,-2.1) −0.2 (−1.9,1.6)

90th-95th percentile 
(VAT ranges, 191–222 cm2)

−7.6 (−12.5,-2.8) −8.0 (−11.3,-4.7) 0.0 (−3.0,3.0)

95th-99th percentile 
(VAT ranges, 222–292 cm2)

−9.5 (−14.3,-4.8) −9.9 (−14.0,-5.8) −0.3 (−2.6,1.9)

>99th percentile 
(VAT ranges, 292–426 cm2)

−20.1 (−27.0,-13.2) −14.0 (−20.4,-7.6) −4.7 (−8.5,-0.9)

Women
50th-70th percentile (VAT ranges, 56–80 cm2) 1.8 (−2.2,5.8) 1.8 (−2.1,5.8) 0.1 (−1.5,1.7)
70th-90th percentile 

(VAT ranges, 80–121 cm2)
−1.7 (−6.1,2.6) −2.3 (−6.6,2.0) 0.0 (−1.5,1.6)

90th-95th percentile 
(VAT ranges, 121–151 cm2)

−6.0 (−11.0,-1.0) −5.9 (−10.8,-1.0) −0.9 (−2.8,1.1)

95th-99th percentile 
(VAT ranges, 151–207 cm2)

−7.9 (−13.3,-2.5) −9.5 (−14.8,-4.1) 0.5 (−1.6,2.7)

>99th percentile 
(VAT ranges, 207–374.7 cm2)

−11.7 (−20.5,-2.8) −10.8 (−18.1,-3.6) −2.1 (−6.5,2.3)

Results are based on linear regression analyses weighted towards the BMI distribution of the general population (n = 1,197 men and n = 1,064 women) and 
expressed as differences in lung function compared with lung function in those with visceral fat below the 50 percentile. Adjusted for age, education, ethnicity, 
smoking history, pulmonary disease, physical activity, total body fat and waist circumference. Abbreviations: CI, confidence interval; FEV1, forced expiratory 
volume; FVC, forced vital capacity; VAT, visceral adipose tissue. 

Table 4. Difference with 95% confidence intervals in measures of lung function in those with ≥100 cm2 visceral fat compared with those <100 cm2 visceral fat in 
men and women participating in the netherlands epidemiology of obesity study stratified by sex-specific cutoffs of waist circumference [31].

VAT <100 cm2 VAT ≥100 cm2

Lung function Reference mean (SD) Difference from reference (95% CI)

Men WC < 102 cm
FEV1 (% predicted) 109 (0.16) −2.4 (−5.4,0.6)
FVC (% predicted) 115 (0.14) −2.4 (−4.9,0.1)
FEV1/FVC ratio (%) 75 (0.7) 0.1 (−1.5,1.6)

Men WC ≥102 cm
FEV1 (% predicted) 108 (0.15) −1.5 (−4.8,1.9)
FVC (% predicted) 113 (0.12) −2.4 (−5.3,0.4)
FEV1/FVC ratio (%) 76 (0.7) 0.6 (−0.9,2.2)

Women WC <88 cm
FEV1 (% predicted) 112 (0.16) −3.0 (−11.8,5.8)
FVC (% predicted) 125 (0.15) −1.6 (−8.4,5.3)
FEV1/FVC ratio (%) 77 (0.6) −2.0 (−5.1,1.0)

Women WC ≥88 cm
FEV1 (% predicted) 108 (0.15) −4.2 (−7.3,-1.2)
FVC (% predicted) 119 (0.14) −5.5 (−8.6,-2.4)
FEV1/FVC ratio (%) 78 (0.6) 0.3(−0.9,1.6)

Results are based on linear regression analyses weighted towards the BMI distribution of the general population (n = 1,197 men and n = 1,064 women). Adjusted for 
age, education, ethnicity, smoking history, pulmonary disease, physical activity, total body fat and waist circumference. Weighted proportion of men present in 
each subgroup: WC <102 cm, VAT <100 cm2  = 18%, VAT ≥100 cm2  = 16%, WC ≥102 cm, VAT <100 cm2  = 6%, VAT ≥100 cm2  = 59%. Proportion of women 
present in each subgroup: WC <88 cm, VAT <100 cm2  = 24%, VAT ≥100 cm2  = 1%, WC ≥88 cm, VAT <100 cm2  = 35%, VAT ≥100 cm2  = 41%. Abbreviations: CI, 
confidence interval; FEV1, forced expiratory volume; FVC, forced vital capacity; VAT, visceral adipose tissue; WC, waist circumference. 
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