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Associations of Serum Adipokines With
Subclinical Interstitial Lung Disease Among
Community-Dwelling Adults

The Multi-Ethnic Study of Atherosclerosis (MESA)
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BACKGROUND: Adipokines have inflammatory and fibrotic properties that may be critical in
interstitial lung disease (ILD). We examined associations of serum adipokine levels with CT
imaging-based measures of subclinical ILD and lung function among community-dwelling
adults.

METHODS: A subset of the original Multi-Ethnic Study of Atherosclerosis cohort (n ¼ 1,968)
had adiponectin, leptin, and resistin measured during follow-up visits (2002-2005). We used
regression models to examine associations of adiponectin, leptin, and resistin levels with (1)
high-attenuation areas (HAAs) from CT scans (2004-2005, n ¼ 1,144), (2) interstitial lung
abnormalities (ILAs) from CT scans (2010-2012, n ¼ 872), and (3) FVC from spirometry
(2004-2006, n ¼ 1,446). We used –(1/HAA2), which we denoted with H, to model HAA as
our outcome to meet model assumptions.

RESULTS: Higher adiponectin was associated with lower HAA on CT imaging among adults
with a BMI $ 25 kg/m2 (P for BMI interaction ¼ .07). Leptin was more strongly associated
with ILA among never smokers compared with ever smokers (P for smoking interaction ¼
.004). For every 1-SD increment of log-transformed leptin, the percent predicted FVC was
3.8% lower (95% CI, �5.0 to �2.5). Higher serum resistin levels were associated with greater
HAA on CT in a fully adjusted model. For every 1-SD increment of log-transformed resistin
there was an increase in H of 14.8 (95% CI, 3.4-26.3).

CONCLUSIONS: Higher adiponectin levels were associated with lower HAA on CT imaging
among adults with a higher BMI. Higher leptin and resistin levels were associated with lower
FVC and greater HAA, respectively. CHEST 2020; 157(3):580-589
KEY WORDS: adipokine; chest imaging; epidemiology (pulmonary); interstitial lung disease
L fluid; HAA = high-attenuation areas;
itial lung abnormality; ILD = interstitial
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Adiposity (ie, total body fat amount and distribution)
plays a significant role in many chronic diseases mediated
by the production of adipose-derived hormones, termed
“adipokines.” Adipokines, such as adiponectin, leptin,
and resistin, circulate systemically and participate in
energy metabolism and insulin sensitivity.1 They have
emerging roles in immune function and fibrogenesis in
various organs.1 Adiponectin inhibits the
proinflammatory transcription factor nuclear factor-kB
(NF-kB) and increases production of the
antiinflammatory cytokine interleukin (IL)-10.2,3 In
contrast, leptin and resistin are proinflammatory and
increase production of helper T-cell type 1 cytokines and
IL-1b, and stimulate monocyte and CD4þ T-lymphocyte
proliferation.4-6 Signaling receptors of adipokines are
expressed in alveolar type II and bronchial epithelial cells,
which suggests that the lung is a target for adipokine
signaling.7-10

Idiopathic pulmonary fibrosis is one of the most
common types of interstitial lung disease (ILD), with
treatments that slow but do not stop disease
progression.11-13 Therefore, the identification of
modifiable risk factors (eg, adiposity) in adults with
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evidence of early lung inflammation and scarring, who
may otherwise have minimal or no symptoms (ie,
subclinical ILD), may lead to novel therapeutic targets.14

High-attenuation areas (HAAs) and interstitial lung
abnormalities (ILAs) are CT imaging-based measures of
subclinical ILD and are associated with cough, dyspnea,
overall mortality, and hospitalization and death due to
ILD. HAAs and ILAs have been used to identify
potential factors that may contribute to the early
pathogenesis of ILD.15-20

Using the Multi-Ethnic Study of Atherosclerosis (MESA)
cohort, we examined cross-sectional associations of
serum adipokine levels with HAAs and ILAs from CT
scans and FVC among community-dwelling adults.21,22

We hypothesized that lower serum levels of adiponectin
and higher levels of leptin and resistin would be
associated with a greater proportion of HAAs and a
higher prevalence of ILAs on CT imaging, and lower
FVC. We performed stratified analyses to determine
differences in the associations of adipokines with ILD
measures according to previously identified factors
related to adipokine production and chronic
inflammatory diseases: BMI, sex, and smoking status.23-27
Methods
Study Participants

We used data from MESA, a National Heart, Lung, and Blood
Institute-funded longitudinal cohort of community-dwelling adults.22

MESA recruited 6,814 adults between the ages of 45 and 84 years
without known clinical cardiovascular disease at the time of
enrollment from six United States-based communities. Participants
attended their first examination (exam) visit in 2000-2002 and
underwent follow-up visits. As part of the MESA Body Composition
ancillary study, a subset of randomly selected participants (n ¼
1,968) underwent serum adipokine measurement once during their
follow-up visits between 2002 and 2005.26 Of these participants,
1,967, 1,960, and 1,966 had valid adiponectin, leptin, and resistin
measurements, respectively (e-Fig 1). Institutional review board
approval was obtained at all sites (e-Table 1), and all participants
provided written informed consent.

Measurements

Adiponectin, leptin, and resistin were measured from banked fasting
serum samples collected between 2002 and 2005, using Bio-Rad
Luminex flow cytometry (Millipore).26 The Laboratory for Clinical
Biochemistry Research (University of Vermont) conducted these
measurements. Average analytic coefficients of variation were
5.8% for adiponectin, 5.2% for leptin, and 6.7% for resistin across
several control samples.26

HAAs and ILAs were measured from exam 3 (2004-2005) noncontrast
cardiac and exam 5 (2010-2012) full lung CT scans, respectively.16 The
mean (SD) time between exam 3 and exam 5 CT scans was 6.9 (0.9)
years. HAA was defined as the percentage of voxels that have
attenuation values between �600 and �250 Hounsfield units.28

Using the Pulmonary Analysis Software Suite (PASS) at the
University of Iowa’s Advanced Pulmonary Physiomic Imaging
Laboratory (APPIL), lungs were semiautomatically segmented and
corrected by a trained technician.29

The MESA Lung/SPIROMICS protocol was used to perform full lung
CT scans at exam 5.30 ILA was defined as the presence of reticular
abnormalities, ground-glass abnormalities, diffuse centrilobular
nodularity, traction bronchiectasis, nonemphysematous cysts, and/or
honeycombing with at least 5% of nondependent lung
581
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involvement.15 ILA was determined by one of five trained
radiologists.16 ILA was fully assessed only in exam 5 CT scans.

We used the results of spirometry that was performed approximately
when serum was collected and used for adipokine measurements.
Spirometry was performed at exams 3 and 4 (2004-2006) as part of
the MESA Lung ancillary study and in accordance with the American
Thoracic Society/European Respiratory Society guidelines.31,32

Statistical Analysis

We used linear regression models to examine cross-sectional
associations of serum adipokine levels with HAAs from exam 3 CT
scans and FVC from exam 3 or 4 spirometry. Logistic regression was
used to examine associations of adipokine levels with ILAs from
exam 5 CT scans. Directed acyclic graphs were used to conceptualize
the potential causal pathway between adipokines and our outcomes
of interest and covariates for our regression models (e-Fig 2).33,34 On
the basis of prior studies, we identified additional covariates that
may influence adipokine levels, inflammation, and scarring, and
included them in our model.15,35-37 Model 1 was minimally adjusted
for study site, imaged lung volume, and milliampere radiation dose
in HAA analyses a priori.16 For our FVC and ILA analyses, model 1
was unadjusted. Model 2 was additionally adjusted for age, sex, race/
ethnicity, smoking status, missing smoking status indicator, cigarette
pack-years, and statin medication use. Percent emphysema was also
adjusted in our HAA and ILA analyses. Model 3 was adjusted for
model 2 variables and BMI (kg/m2). Generalized additive models
582 Original Research
were used to assess the linearity of associations between adipokine
levels and our outcomes. Adipokine levels were log-transformed to
fulfill assumptions for our regression models because of their right-
skewed distribution (kurtosis > 8.0).

Likelihood ratio tests were used to test for effect modification by BMI,
sex, and smoking status in prespecified stratified analyses. We used a
BMI cutoff of $ 25 kg/m2 based on prior studies and guidelines that
suggest adults above this cutoff are at higher risk for chronic
diseases and death.38,39 We assessed three-way interactions of BMI,
sex, and smoking status on the associations between serum
adipokine levels and our outcomes of interest. Details of how we
assessed three-way interactions are described in e-Appendix 1. We
used –(1/HAA2), which we have termed “eta” (H), to model HAA as
our outcome to meet model assumptions.

There were a small number of participants with missing cigarette pack-
years data: HAA (n ¼ 12), ILA (n ¼ 10), and FVC (n ¼ 15) (e-Fig 1).
We used a missing cigarette pack-years indicator variable in our
regression models. Statin medication use and diagnosis of diabetes
were self-reported in MESA.22 Twenty-five participants were missing
statin medication data and they were excluded from the fully
adjusted analyses for HAA, ILA, and FVC. All other covariates were
complete. Results are reported per 1-SD increment of the natural
log-transformed serum adipokine level. We used Stata 15.1
(StataCorp) and the “gam” package in R version 3.4.3 (R Foundation
for Statistical Computing) for our analyses.
Results

Baseline Characteristics

Among those participants with a valid measurement for
at least one type of serum adipokine, 1,144 underwent
cardiac CT scans at exam 3, 1,446 participants
performed spirometry at exams 3 or 4 (2004-2006), and
872 underwent full lung CT scans at exam 5 (2010-
2012).16 Overall baseline characteristics of the
participants with available adipokine and HAA
measurements are summarized in Table 1.
Characteristics by serum adipokine quartiles are
summarized in e-Tables 2-4.

CT Imaging-Based Subclinical ILD Measurements
and Lung Function

Associations of serum adipokines with HAA, ILA, and
FVC are summarized in Table 2. In a minimally adjusted
model (model 1), higher serum adiponectin levels were
associated with less HAA on CT imaging. After
adjusting for baseline covariates (model 2), this
association remained present. For every 1-SD increment
of log-transformed adiponectin, there was a lower H of
23.7 units (95% CI, �36.7 to �10.7). After adjusting for
BMI, this association was significantly attenuated
(model 3). Higher serum leptin levels were positively
associated with HAA on exam 3 CT imaging after
adjusting for baseline covariates (model 2), but was
negatively associated after adjusting for BMI (Table 2).
Higher levels of serum resistin were associated with
greater HAA on CT imaging, even after adjusting for
baseline covariates and BMI (model 3). For every 1-SD
increment of log-transformed resistin there was a higher
H of 14.8 units (95% CI, 3.4 to 26.3) (Fig 1, Table 2).

We did not detect an association between serum
adipokine levels and ILA measured on full lung CT at
exam 5 in the overall cohort (Table 2).

Serum adiponectin levels were not associated with
percent predicted FVC. Higher serum levels of leptin
and resistin were associated with lower percent
predicted FVC measured at exams 3 and 4, even after
adjusting for all covariates (model 3). For every 1-SD
increment of log-transformed leptin and resistin,
percent predicted FVC was 3.8% lower
(95% CI, �5.0 to �2.5) and 0.9% lower
(95% CI, �1.7 to �0.02), respectively (Fig 1, Table 2).
Stratified Analyses by BMI, Sex, and Smoking
Status

Adiponectin levels were more strongly associated with
HAAs among those with a BMI $ 25 kg/m2 compared
with those with a BMI < 25 kg/m2 (P ¼ .07 for BMI
interaction) (Fig 2). For every 1-SD increment of log-
transformed adiponectin, H was 21.9 units lower
(95% CI, �36.9 to �6.9) among those with a BMI $
25 kg/m2 (e-Table 5). We did not detect evidence that
[ 1 5 7 # 3 CHES T MA R C H 2 0 2 0 ]



TABLE 1 ] Baseline Characteristics

Characteristic Value

No. of participants with HAAs on
exam 3 CT imaging

1,144

Serum adipokine, median (IQR)

Adiponectin, ng/mL 17,588 (15,163)

Leptin, pg/mL 13,124 (22,780)

Resistin, pg/mL 14,734 (6,678)

Female 50%

Age, y 64 (9)

Race/ethnicity

White 49%

Asian 11%

African American 17%

Hispanic 23%

Weight, kg 78 (17)

Height, cm 167 (10)

BMI, kg/m2 28 (5)

Waist circumference, cm 98 (14)

Statin medication use 23%

Diabetes 10%

Smoking status

Never smoker 45%

Former smoker 44%

Current smoker 11%

Serum adipokines are presented as median (IQR). All other data are
presented as mean (SD) for continuous variables and as percentages for
categorical variables. Serum adipokines were measured between 2002
and 2005. HAAs were measured from exam 3 CT scans (2004-2005).
HAA ¼ high-attenuation area; IQR ¼ interquartile range.
BMI modified associations of leptin and resistin with
HAA, ILA, or percent predicted FVC (e-Table 5).

Associations of serum leptin and resistin with percent
predicted FVC were stronger among men compared
with women (all P values for sex interaction # .007).
The percent predicted FVC was lower by
4.5% (95% CI, �5.9 to �3.2) among men compared
with 1.7% (95% CI, �3.6 to 0.2) among women per 1-SD
increment of log-transformed leptin (Fig 3, e-Table 6).
For every 1-SD increment of log-transformed resistin,
the percent predicted FVC was lower by
2.0% (95% CI, �3.2 to �0.8) among men compared
with a higher percent predicted FVC of
0.3% (95% CI, �0.9 to 1.4) among women. There was no
effect modification by sex on the associations of serum
adipokine levels with HAA or ILA.

Higher leptin levels were more strongly associated with
less HAA on CT among ever smokers compared with
chestjournal.org
never smokers (P ¼ .002 for smoking interaction) (e-
Table 7). Higher serum leptin levels were more strongly
associated with ILA among never smokers compared
with ever smokers (P ¼ .004 for smoking interaction)
(Fig 4, e-Table 7). For every 1-SD increment of log-
transformed leptin, there were 100% higher odds of
having ILA (95% CI, 1.2-3.3).

The association between serum adiponectin and HAA
was strongest among women with a BMI $ 25 kg/m2

(P ¼ .005 for BMI and sex interaction), such that for
every 1-SD increment of log-transformed adiponectin,
there was a lower H of 39.2 units (95% CI, �60.3
to �18.0) (e-Table 8). The association between leptin
and HAA was strongest among never smokers with a
BMI $ 25 kg/m2 (P ¼ .02 for BMI and smoking
interaction). Full results of these three-way interactions
are presented in e-Tables 8 and 9.
Discussion
In our study, we found that higher serum levels of
resistin were associated with greater HAA and lower
FVC. Higher leptin levels were associated with lower
FVC overall and a greater prevalence of ILA on CT
imaging among never smokers. Adiponectin was
associated with less HAA on CT imaging among those
with a BMI $ 25 kg/m2. Our findings suggest that
higher circulating levels of proinflammatory adipokines,
and lower levels of adiponectin, are associated with
greater subclinical lung inflammation and scarring on
CT imaging and lower lung function.

The role of body habitus in ILD remains unclear. Lower
baseline BMI and a decline in BMI over time among
adults with pulmonary fibrosis were each associated with
a higher overall mortality risk.40,41 Circulating
adipokines may play a role as higher circulating levels of
leptin are associated with a higher risk of acute
exacerbations of pulmonary fibrosis.42 Leptin promotes
the expression and activity of transforming growth
factor-b1 via inhibition of peroxisome proliferator-
activated receptor-g in lung fibrosis mouse models.43

Leptin accelerates pulmonary fibrosis by inhibiting
autophagy through activation of the
phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian
target of rapamycin (mTOR) pathway.44 Our findings
support this as higher leptin levels were associated with
lower FVC overall and higher odds of ILA on CT
imaging among never smokers in MESA. The positive
association between leptin and HAA (model 2) was
reversed after adjusting for BMI (model 3) and suggests
583
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TABLE 2 ] Associations of Serum Adipokine With High-Attenuation Areas and Interstitial Lung Abnormalities on CT Imaging and FVC

Serum Adipokine No.

Change in H
Per 1-SD Increment of

Log-Transformed
Adipokine 95% CI No.

Odds of ILA
Per 1-SD Increment of

Log-Transformed Adipokine 95% CI No.

Change in % Predicted FVC
Per 1-SD Increment of

Log-Transformed Adipokine 95% CI

Adiponectin

Model 1 1,144 –37.1 –50.9 to –23.3 872 1.2 0.96 to 1.5 1,446 0.5% –0.3 to 1.4

Model 2 1,120 –23.7 –36.7 to –10.7 852 1.1 0.9 to 1.4 1,421 1.1% 0.2 to 2.0

Model 3 1,120 –4.8 –17.6 to –7.9 852 1.1 0.9 to 1.4 1,421 0.3% –0.7 to 1.2

Leptin

Model 1 1,141 –0.7 –16.0 to 14.6 868 1.1 0.9 to 1.3 1,441 –3.6% –4.4 to –2.8

Model 2 1,117 43.1 28.6 to 57.6 848 1.1 0.8 to 1.4 1,416 –4.5% –5.5 to –3.5

Model 3 1,117 –11.9 –29.5 to 5.7 848 1.2 0.9 to 1.7 1,416 –3.8% –5.0 to –2.5

Resistin

Model 1 1,143 26.5 12.8 to 40.2 871 1.1 0.9 to 1.4 1,445 –1.0% –1.9 to –0.2

Model 2 1,119 22.8 10.8 to 34.8 851 1.1 0.9 to 1.3 1,420 –1.1% –2.0 to –0.3

Model 3 1,119 14.8 3.4 to 26.3 851 1.1 0.9 to 1.3 1,420 –0.9% –1.7 to –0.02

Serum adipokines were measured between 2002 and 2005. High-attenuation areas (HAAs), percent predicted FVC, and interstitial lung abnormalities (ILAs) were measured at exam 3 (2004-2005), exams 3 or 4 (2004-
2006), and exam 5 (2010-2012), respectively. Model 1 for HAA is a minimally adjusted model (exam 3 study site, radiation dose, and imaged lung volume). Model 1 is unadjusted for ILA and percent predicted FVC
models. Model 2 is model 1 with additional adjustment for exam 3 age, sex, race/ethnicity, smoking status, cigarette pack-years, missing cigarette pack-year indicator, and statin medication use. Percent emphysema
was also adjusted for in HAA and ILA models. Model 3 is model 2 with additional adjustment for BMI. H ¼ –(1/HAA2).
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Figure 1 – A and B, Continuous associations of serum resistin with high-
attenuation areas (n ¼ 1,119) (A) and % predicted FVC (n ¼ 1,420) (B).
A, Overall P for association ¼ .01. B, Overall P for association ¼ .045.
Models are adjusted for exam 3 age, sex, race/ethnicity, smoking status,
cigarette pack-years, missing cigarette pack-years indicator, statin
medication use, and BMI. HAA model is also adjusted for study site,
radiation dose, percent emphysema, and total lung volume imaged. The
x axis is log-scale. The solid line is the overall effect estimate; thin dashed
lines represent the 95% confidence interval bands. Each vertical hash-
mark in the rug plot along the x axis represents one participant.
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Figure 2 – Continuous associations of serum adiponectin with high-
attenuation areas stratified by BMI. Blue line: adults with BMI$ 25 kg/
m2 (n ¼ 793). Red line: adults with BMI < 25 kg/m2 (n ¼ 327). P for
BMI interaction ¼ .07. Model is adjusted for exam 3 age, sex, race/
ethnicity, smoking status, cigarette pack-years, missing cigarette pack-
years indicator, statin medication use, percent emphysema, study site,
radiation dose, and total lung volume imaged. The x axis is log-scale.
The solid line represents the overall effect estimate; thin dashed lines
indicate the 95% confidence interval bands. Each vertical hashmark in
the rug plot along the x axis represents one participant.
that body habitus is a strong confounder in the
association between leptin and HAA. While HAA
captures ILD-specific CT imaging characteristics (ie,
reticulation, honeycombing), it may include BMI-related
phenotypes such as atelectasis and increased attenuation
from greater soft tissue.45 Also, studies have proposed
that higher circulating leptin levels reflect poor leptin
receptor activation triggered by diet-induced obesity.46

Therefore, leptin-induced inflammation may be blunted
among adults with higher BMI. When we restricted our
chestjournal.org
analysis to adults with a BMI < 25 kg/m2, higher leptin
was associated with greater HAA although the
confidence intervals crossed zero. We caution that this
interpretation is speculative and further investigation is
needed.

Serum resistin had the most consistent association
with subclinical ILD and lung function. Initially
characterized as a mediator of insulin resistance and
diabetes, resistin is critical in the cyclic AMP (cAMP)-
mediated protein kinase A (PKA) activation and NF-
kB-mediated transcription of inflammatory cytokines
through its activation of adenylate cyclase-associated
protein 1 (CAP1).1,6 Resistin in humans is distinct in
that adipose tissue monocytes and macrophages are
the primary sources of this adipokine, signifying its
immunomodulatory role.47 Mice expressing humanized
resistin on exposure to lipopolysaccharide
demonstrated increased neutrophil extracellular trap
formation and concentrations of histone 3, suggesting
that Toll-like receptor-4 enhancement may be one of
the mechanisms linking resistin to lung injury.48

Resistin also induces mucin 5B (MUC5B) expression
in human airway epithelial cells, and MUC5B gene
promoter variants confer a significant risk for
pulmonary fibrosis.49,50
585
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Figure 3 – A-C, Continuous associations of serum adiponectin (A), leptin (B), and resistin (C) with percent predicted FVC stratified by sex. A, Red line, women
(n ¼ 681); blue line, men (n ¼ 740); P for sex interaction ¼ .06. B, Red line, women (n ¼ 681); blue line, men (n ¼ 735); P for sex interaction ¼ .006. C, Red
line, women (n¼ 681); blue line, men (n¼ 739); P for sex interaction¼ .007. Model is adjusted for exam 3 age, race/ethnicity, smoking status, cigarette pack-
years, missing cigarette pack-years indicator, statin medication use, and BMI. The x axis is log-scale. The solid line represents the overall effect estimate; thin
dashed lines indicate the 95% confidence interval bands. Each vertical hashmark in the rug plot along the x axis represents one participant.
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indicate the 95% confidence interval bands. Each vertical hashmark in
the rug plot along the x axis represents one participant.
BMI, sex, and smoking status are factors that may cause
significant changes in the production of adipokines and
modify their associations with diseases.27 Those with
higher BMI had a stronger inverse association between
serum adiponectin and HAA on CT scan compared with
those with a lower BMI. Overweight and obese
individuals have lower circulating levels of adiponectin
compared with normal weight adults, likely from local
inhibition of adiponectin production in response to
increased production of tumor necrosis factor-a and IL-
6.51 Adiponectin attenuated worsening lung fibrosis in
paraquat-induced mouse models by suppressing lung
fibroblast activation.52 Individuals with lower circulating
adiponectin may be more vulnerable to other
mechanisms of repetitive lung injury (eg, acid reflux,
infection, smoking), leading to recurrent injury and
abnormal remodeling.

Men have lower circulating levels of adiponectin and
leptin compared with women, likely due to regulatory
effects of androgens.23-25 Therefore, associations
between circulating adipokines and lung function may
be significantly different between women and men. We
observed that associations of leptin and resistin with
FVC were stronger among men compared with women
chestjournal.org
and that the inverse association between adiponectin
and HAA among overweight/obese adults was stronger
in women than men.

Although leptin is considered a proinflammatory
adipokine, studies suggest it is critical in a balanced
immune response to cigarette smoke.7,53 Mice deficient in
leptin signaling that are exposed to cigarette smoke have
higher numbers of neutrophils in their BAL fluid (BALF)
and lung tissue compared with wild-type cigarette smoke-
exposed mice, through increased expression of the
neutrophil chemoattractant CXCL1.53 More controlled
neutrophil recruitment in the lung with cigarette exposure,
due to greater leptin expression, may be why we observed a
negative association of leptin with HAA among ever
smokers. Although this findingwas not replicatedwith ILA
from exam 5 CT scans, leptin was associated with higher
odds of ILA among never smokers after adjustment for
covariates, including emphysema. This suggests that
cigarette exposure modifies associations between leptin
and subclinical ILD independent of emphysema. We
caution against overinterpretation of these findings, due to
the lack of mechanistic data.

Associations of serum adipokines with HAA overall and
stratified analyses were more robust than for ILA. There
are several explanations for this discrepancy. Although
HAAs are associated with ILA, they are not predictive of
ILA.45 HAA was measured from CT scans performed
closer in time to when the adipokines were measured,
whereas ILA was assessed only once in MESA and nearly
10 years later. Circulating levels of adipokines may have
changed significantly during the interval between HAA
and ILA assessments, which may contribute to the
overall null ILA findings. Repeat adipokine
measurements were not performed in MESA at later
examinations, as future studies examining longitudinal
changes in adipokine measurements and HAA/ILA
progression will be informative.

Our study has several limitations. We do not have repeat
measurements of serum adipokines, as our analyses were
cross-sectional, and reverse causation cannot be
excluded. We caution against the drawing of causal
inferences from this study as longitudinal studies with
mechanistic data are needed. Adipokines were measured
only in blood and not in lung tissue samples or BALF.
BALF leptin levels correlate with circulating levels and
suggest that serum adipokines are reasonable markers of
lung expression and activity.7 The sample size for our
ILA analyses was notably smaller than for the HAA and
FVC analyses, as fewer participants underwent exam 5
587
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CT scans and ILA assessments. We cannot rule out that
the smaller sample size limits the generalizability of our
findings. Although we used directed acyclic graphs to
build our regression models, unaccounted-for
confounding factors remain a possibility.
588 Original Research
In summary, our findings suggest that adiposity,
through the production of adipokines, may play a role in
the early pathogenesis of ILD. Future mechanistic
studies will be informative and help identify those
individuals who may be at higher risk of developing ILD.
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