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Abstract

Objective: Adipose tissue produces adiponectin, an anti-inflammatory protein. High systemic
total adiponectin is associated with a low risk for incident asthma but the association with lung
adiponectin is not known. Our objective was to evaluate the association between sputum total
adiponectin and asthma.

Methods: This case-control study included 44 cases with objectively-confirmed asthma and an
equal number of body mass index (BMI) and sex-matched controls. Serum and sputum
adiponectin were estimated by ELISA and Western Blot technique, respectively. While Fisher’s
exact test, £test and Spearman’s correlations were used for univariate analyses, Spearman and
regression analyses were performed for multivariable analyses

Results: While high-molecular-weight adiponectin was the dominant isoform in serum, medium-
molecular-weight isoform was dominant in sputum. Sputum total adiponectin was not correlated
with serum adiponectin or BMI. Sputum total adiponectin was lower among asthmatics than
controls (p = 0.03), although individual sputum isoforms were not similarly associated. High
sputum total adiponectin was associated with lower odds for asthma (OR 0.33, 95% C.I. 0.12,
0.91), even after adjustment for systemic adiposity measures including serum adiponectin.

Conclusions: High sputum total adiponectin predicted lower odds for asthma, even after
adjustment for serum adiponectin. Although not studied, it is possible that pharmacological
modulation of sputum adiponectin may suggest new ways to prevent and/or treat asthma.
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Medicine, Health Sciences Center, School of Medicine, University of New Mexico, 1 University of New Mexico, MSC 10 5550, ACC
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Introduction

Adiponectin, a protein produced primarily by adipose tissue, has a largely anti-inflammatory
role that involves inhibition of pro-inflammatory mediators such as tumor necrosis factor-
alpha (TNF-a)) and interleukin (IL)-6 and promotion of anti-inflammatory mediators (IL-10
and IL-1 receptor antagonist). Despite being produced by adipose tissue, systemic
adiponectin concentrations are inversely correlated with body mass index (BMI) [1]. An
explanation for this finding is that adipose tissue in the obese produces less adiponectin due
to the paracrine inhibition by excess TNF-a and IL-6 [2]. Additionally, impaired
mitochondrial function in the obese induces an endoplasmic reticulum stress response,
resulting in inadequate processing of the mature adiponectin protein in adipocytes [3].
Circulating adiponectin includes three distinct isoforms — low-molecular weight (LMW)
(trimers); medium-molecular weight (MMW) (hexamers); and high-molecular weight
(HMW or higher order multimers). The various isoforms may vary in their potency of effect.
For instance, HMW adiponectin may be the most biologically active in regulating insulin
resistance [4]. Both adiponectin and its multiple receptors are expressed in various cell types
in the lung, including the bronchial epithelium [5-7]. The lung is therefore a target organ for
adiponectin effect and consequently, adiponectin abnormalities may be associated with lung
disease such as asthma.

Murine studies establish a causal protective association between systemic total adiponectin
and airway changes of asthma [8,9]. Murine data are confirmed by limited human studies
including a recent study by our group that demonstrated high serum total adiponectin is
associated with low risk for incident asthma among women, particularly among current
smokers but sputum adiponectin was not determined and the potential confounding effect of
fat mass was not adjusted for in that study [10]. Further, since smoking affects both systemic
and lung adiponectin concentrations as well as risk for asthma [11-13], the described
association between serum adiponectin and asthma in smokers [10] may simply represent
residual confounding from smoking. We therefore minimized the confounding effect of
current smoking in the current study by examining the association of adiponectin with
asthma among non-current smokers. Additionally, we minimized the confounding effect of
BMI and sex on this association by comparing our asthma cases with BMI-and sex-matched
controls. We further studied sophisticated measures of regional and global adiposity as
potential confounders in our study. We now hypothesize that high sputum and serum total
adiponectin concentrations (i.e. primary predictor variables) would be associated with lower
odds for asthma (primary outcome variable) as well as with lower levels of airway
hyperresponsiveness, eosinophilic inflammation, and systemic or airway oxidant stress
among subjects with asthma (secondary outcome variables). Oxidant stress was chosen as a
secondary asthma outcome since it is increased in obesity-associated asthma and systemic
adiponectin deficiency [14,15]. We further expected that sputum adiponectin would better
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predict asthma than serum adiponectin because the former better reflects the local
environment of the lung.

Methods
Study design

Forty-four subjects with asthma and an equal number of BMI- and sex-matched healthy
controls were examined in a case-control study. Asthma was defined by a physician
diagnosis PLUS, a confirmatory methacholine challenge test (PCog < 16 mg/mL). Controls
were defined by the absence of physician diagnosis of asthma PLUS a negative
methacholine challenge (PCog > 16 mg/mL). Subjects were recruited by newspaper or radio
advertisements from the Albuquerque metropolitan area community during the period 2007-
2010. Study population characteristics are provided in Table 1. Sample size estimates are
discussed in the Online Supplementary data. Other than the study coordinator, all
technicians were blinded to the case status of the subjects.

Inclusion criteria

The study included English-speaking subjects at least 18 years of age.

Exclusion criteria

Subjects with systemic conditions that affected serum adipokine concentrations or increased
risk for methacholine challenge testing were excluded [1,16]. The exclusion criteria were —
(1) history of diabetes mellitus, atherosclerotic cardiovascular disease, chronic kidney
disease or anorexia nervosa; (2) use of statin class of drugs; (3) current smoking or having
quit smoking within previous two months; (4) pregnancy and nursing state; (5) presence of
lung diseases other than asthma; (6) stroke in prior 3 months; (7) aortic aneurysm; and (8)
failure to expectorate adequate-quality sputum in response to induction. In addition, all tests
were delayed in the event of an acute infection within the prior 4 weeks and respiratory tract
infections or asthma exacerbations within the prior 8 weeks. For menstruating women,
testing was done within 3—-14 days following the cessation of menstrual flow (a period of
high estrogen and low progesterone) to standardize the effect of sex hormones on test
variables. None of the subjects in the study were on systemic corticosteroids at the time of
the study.

Questionnaires

Standardized questionnaires were administered by the same trained interviewer to obtain
information on smoking history, respiratory health [17], asthma severity [18],
gastroesophageal reflux [19] and habitual physical activity [20]. Details of these
questionnaires are available in the Online Supplementary data.

Blood analysis

Peripheral blood was obtained in a fasting state in the morning. Serum concentrations of
leptin, total and isoforms of adiponectin, and immunoglobulin E were estimated using the
ELISA technique (ALPCO Immunoassays, Salem, NH for leptin/adiponectin and Bethyl
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Labs, Inc., Montgomery, TX for IgE). Plasma was analyzed for lectin-type oxidized low-
density lipoprotein receptor-1 (LOX-1) using the ELISA technique (R&D Systems,
Minneapolis, MN) to assess systemic oxidant stress. We chose this biomarker of oxidation
of proteins since its basal expression is very low and it is potently induced by oxidant
species [21].

Skin prick test

Eleven common aeroallergens were tested in duplicate by a skin prick test. These
aeroallergens included Cottonwood, Mountain cedar, Bermuda grass, Kentucky bluegrass,
Meadow fescue grass, Russian thistle, Kochia, Western ragweed, cat hair and dust mites
Dermatophagoides farinae and Dermatophagoides pteronyssinus. The occurrence of a wheal
of at least 3 mm on both tests for any one antigen after a 10-min period was used to define

atopy.

Induced sputum analysis

Sputum was induced at mid-day by nebulization of 5% hypertonic saline aerosol using a
small volume ultrasonic nebulizer and processed using the technique described by Hargreave
[22], whereby dense portions (“sputum plugs™) were selected and divided into two parts —
the first part was liquefied with 0.1% dithiothreitol (DTT; Calbiochem, La Jolla, CA) and the
second part treated with protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO). All
samples were stored at —70° C. Total adiponectin and adiponectin isoforms were measured
in the protease inhibitor-processed sputum samples by the Western blot technique (ALPCO
Diagnostics, Salem, NH; no kits were used but details of antibodies used; blotting
conditions; and spike and recovery experiment are provided in the Online Supplementary
data). Adiponectin was measured in arbitrary units for the total (relative to the provided
standard from the same blot) and percent of total for the individual isoforms in sputum.
Sputum leptin and eosinophil-derived neurotoxin (EDN) [23-25] levels were measured by
ELISA technique from the DT T-treated samples (RnD Systems, Minneapolis, MN and
ALPCO Immunoassays, Salem, NH, respectively), as detailed in the Online Supplementary
data.

Exhaled breath condensate

About 2-3 mL of exhaled breath condensate (EBC) was collected, as per the American
Thoracic Society (ATS) guidelines [26], using an R-tube device (Respiratory Research Inc.).
The condensate was shap frozen and stored immediately after collection at =70 °C to prevent
auto-peroxidation of lipids and artifactual elevation of 8-isoprostanes (a biomarker of
oxidation of lipids), as published previously by our team and others [27-29]. EBC was
concentrated 14-fold by lyophilization [30] and subsequently resuspended in sterile
deioinized water for measurement of 8-isoprostanes using the previously-described
radioimmunoassay technique at the Montuschi laboratory (Rome, Italy) [31].

Spirometry and methacholine bronchoprovocation

Spirometry tests were conducted as per the 2005 ATS guidelines [32] and results were
expressed as percent of the ethnicity-specific predicted values [33]. Methacholine challenge
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test was also performed per the ATS guidelines [16] with the Cockcroft modification of the
methods of Chai et al. [34] and PC,q was defined by the concentration of methacholine
associated with an FEV, decrease by at least 20% from post-diluent values.

Body fat determination

Detailed measures of total and regional adiposity were obtained using anthropometry,
bioelectrical impedance and dual energy X-ray absorptiometry (DEXA) techniques by a
trained dietician. Additional details for these techniques are provided in the Online
Supplementary data.

Statistical methods

Distributions of all continuous variables were examined. When a variable was not normally
distributed, logarithmic or square root transformations were performed to normalize the
data. Missing data were excluded from analysis. Fisher’s exact test, £test and Spearman’s
correlations were used for univariate analysis. Spearman and regression analyses were
performed for multivariable analyses. A two-sided p value <0.05 was considered statistically
significant. SAS 9.3 (SAS Institute Inc, Cary, NC) was used for statistical analysis.

The study was approved by the University of New Mexico’s Institutional Review Board
(Human Research Protection Office, Albuguerque, NM; Protocol number 06-296). All
subjects signed informed consent prior to their participation.

Results

Comparison of demographic and adiposity characteristics

Of all asthmatics, 38.6, 22.7, 27.3 and 11.4% were rated as intermittent, mild persistent,
moderate persistent and severe persistent, respectively [18]. Tables 1 and 2 describe the
distribution of demographic and adiposity variables, respectively, in the study population.
These tables demonstrate no significant difference in these variables between subjects with
asthma and controls. Subjects with asthma were, however, more likely to be atopic; have
greater percent counts of blood eosinophils and concentrations of sputum EDN; lower levels
of prebronchodilator FEV; and greater airway hyperresponsiveness (Table 1).

Distribution of serum and sputum adipokines

While HMW adiponectin was the dominant isoform in serum, the MMW isoform was
dominant in sputum (Table 4). Sputum concentrations of total adiponectin were not
correlated with their serum concentrations or with BMI (Tables 3 and E-V in the text and
Online Supplementary data, respectively). Serum HMW adiponectin concentrations were
inversely correlated with BMI (Spearman’s rof —0.31; p=0.004). In contrast, sputum
HMW adiponectin concentrations were positively correlated with BMI (Spearman’s r of
0.25; p=10.02). Women had higher serum total adiponectin concentrations than men but
there were no sex-related differences in sputum concentrations of total adiponectin or of
individual adiponectin isoforms (Table E-I1, Online Supplementary data). Subjects reporting
a high risk for having gastroesophageal reflux had lower sputum total adiponectin
concentrations than those reporting a low risk (o = 0.02 adjusted for age, sex and BMI) but
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there were no differences in concentrations of sputum adiponectin isoforms or of serum total
adiponectin.

High sputum total adiponectin was associated with lower odds for asthma

Sputum total adiponectin concentrations were lower in subjects with asthma than controls (p
= 0.03 in both univariate and multivariable analyses in Tables 4 and E-111, in the text and
Online Supplementary data, respectively), although individual sputum adiponectin isoforms
were not associated with asthma (Table 4). High sputum total adiponectin concentrations
were associated with lower odds for asthma (OR 0.33, 95% C.I. 0.12, 0.91), even after
adjustment for potentially confounding systemic adiposity measures (such as serum total
adiponectin and serum leptin, chosen based upon our previous work [10,35-37]; Table 5).
Additional adjustment for percent body fat or lean mass in the multivariable models did not
change the above results (Tables 5 and E-Il1 in the text and Online Supplementary data,
respectively). Although sputum total adiponectin concentrations tended to be lower in
subjects with moderate/severe asthma, as compared to intermittent/mild persistent disease,
this association did not reach statistical significance (adjusted p= 0.10). The use of the ratio
of total adiponectin to leptin instead of total adiponectin alone (as studied by some authors
[38]), diminished the effect size between groups. There were no significant two-way
interactions between obese status (BMI = 30 kg/m?); BMI; sex or atopic status, and sputum
total adiponectin on asthma status (unadjusted p = 0.48 for all analyses).

Select adiponectin isoforms were inversely correlated with sputum eosinophilic
inflammation and oxidant stress

Sputum total adiponectin was not associated with any physiological, inflammatory or
oxidant stress measures of asthma severity in our study (Table 6). Sputum LMW adiponectin
was inversely correlated with sputum EDN and airway oxidant stress (exhaled breath
condensate 8-isoprostanes) among controls but not asthmatics (Table 6, group interaction
adjusted p=0.07 and 0.08, respectively). In addition, sputum LMW adiponectin was
inversely correlated with systemic oxidant stress (plasma LOX-1) in all subjects (adjusted
Spearman’s rof 0.41; p=0.002). On the other hand, sputum HMW adiponectin was
inversely correlated with systemic oxidant stress among subjects with asthma but not among
controls (group interaction significant with adjusted p = 0.008). Sputum adiponectin
measures were not correlated with lung function or airway hyperresponsiveness.

Discussion

High sputum total adiponectin concentrations were associated with lower odds for asthma in
this BMI- and sex-matched case-control study drawn from a carefully selected population of
primarily women non-current smokers. Sputum total adiponectin may be more strongly
associated with asthma than serum total adiponectin or serum leptin, after matching on BMI.
Sputum total adiponectin is not correlated with the corresponding serum value or with BMI.
Although MMW isoform is the dominant isoform of adiponectin in the sputum, the HMW
and the LMW (i.e. non-dominant) isoforms in sputum are inversely associated with systemic
oxidant stress among subjects with asthma, after adjustment for BMI.
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Murine studies establish a causal protective association between systemic adiponectin and
airway changes of asthma [8,9]. Allergen bronchoprovocation of sensitized BALB/cJ mice
reduces adiponectin production and expression of pulmonary adiponectin receptors [8]. On
the other hand, systemic adiponectin infusion attenuates allergic airway inflammation and
hyperresponsiveness in mice [8]. Allergen-induced airway inflammation is greater among
genetically adiponectin-deficient mice than wild-type mice [9]. The adiponectin—airway
relationship in mice is therefore bidirectional.

Human data regarding the association between adiponectin and asthma is still evolving. In a
small study of morbidly obese women undergoing bariatric surgery, visceral abdominal
adipose tissue from subjects with asthma showed a lower expression of total adiponectin
than controls, after adjustment for BMI [39]. The strongest supporting evidence for the
adiponectin—asthma association comes from a longitudinal cohort that showed high serum
total adiponectin was associated with decreased risk for /incident asthma among women and
that this association was stronger among currently smoking women than women not
currently smoking [10]. Our case-control study that focused on sputum measures, however,
did not show an association between serum adiponectin and asthma, possibly due to a
smaller sample size and exclusion of current smokers. Limited data also suggest that an
increase in serum total adiponectin by a multidisciplinary weight reduction intervention may
favorably influence asthma severity outcomes [40].

Like mice, the systemic adiponectin—asthma relationship is bidirectional in humans but the
primary direction of this association is that adiponectin affects asthma, except in severe
conditions when the reverse direction is also true. Thus, prevalent asthma has no chronic
effects on serum adiponectin [10] and transient bronchoprovocation from experimental
allergen inhalation does not acutely affect serum adiponectin concentrations among subjects
with asthma [41]. Yet, severe asthma exacerbations requiring hospitalization result in a
transient decrease in serum adiponectin [38]. It is possible that systemic spill-over of intense
local inflammation in a severe asthma exacerbation inhibits the secretion of adiponectin
from adipose tissue [38]. In order to minimize the confounding effect of asthma
exacerbation on adiponectin, we delayed testing in our study by at least 8 weeks following
any asthma exacerbation, none of which required hospitalization.

We demonstrate that sputum total adiponectin may better predict asthma status than other
adiposity variables such as serum total adiponectin, serum leptin or DEXA measures of fat
and lean mass. Airway adiponectin was not correlated with systemic adiponectin, as also
described by others [39,42]. Potential explanations for this finding are that adiponectin may
be degraded within the lung itself and/or different isomers may be transported at different
rates from blood into the airway. It is also possible that adiponectin produced by
intrathoracic visceral fat or by various cells in the lung such as airway epithelium [12] may
have paracrine effects that may be stronger than the endocrine effects of systemic
adiponectin. While it may seem surprising to find group differences in sputum total
adiponectin but no differences in individual isoforms, this may be explained by the larger
variance of the isoform concentrations.
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Although the published data are limited and confusing, high serum adiponectin is associated
with less clinical asthma severity and high lung function measures among boys and women
[38,43-45] but surprisingly associated with more clinical severity among men [43]. On the
contrary, serum adiponectin is not associated with eosinophilic inflammatory asthma
measures in any population group [42]. In our study, we did not find sputum total
adiponectin to be associated with physiological, eosinophilic inflammatory or oxidant stress
measures of asthma severity (Table 6). On the other hand, the non-dominant isoforms of
sputum adiponectin (i.e. HMW and LMW isoforms) were associated with low systemic
oxidant stress among subjects with asthma. It is possible that low HMW and LMW
adiponectin isoforms in asthma are associated with non-eosinophilic airway inflammation
potentiated by systemic oxidant stress.

The strengths of our study include an innovative and topical research question, a well-
characterized study population, focus on airway adiponectin and its isoforms, ability to
control for systemic and regional adiposity measures, and study of physiological,
inflammatory and oxidant stress-related asthma outcomes. Use of self-report or
questionnaires may result in information bias which was minimized by the use of standard
questionnaires administered by the same interviewer. Information bias was further
minimized by the use of trained study personnel, standard test protocols, strict quality
control for assays and blinding of study personnel towards case status of study subjects.
Selection bias arises from the recruitment process but was minimized by recruitment from
the community, instead of the hospital. Self-report of physician diagnosis of asthma is
subject to misclassification bias [46] and was therefore minimized by confirmatory use of
the methacholine challenge test. Since cigarette smoke exposure increases lung adiponectin
in mice [47] but reduces lung adiponectin in otherwise healthy current smokers [12], we
minimized the variable and confounding effect of cigarette smoke by carefully focusing on
non-current smokers. Additional limitations include a relatively small sample size that
reduces the confidence in the strength of our associations as well as our ability to examine
interactions; lack of longitudinal data to establish causality or temporal sequence of
association; and lack of mechanistic data.

Conclusions

Although limited data suggest that an increase in serum total adiponectin by weight
reduction may favorably influence asthma severity outcomes [40], it remains unclear
whether therapeutic strategies to increase serum total adiponectin also raise sputum total
adiponectin and whether the latter in turn decrease asthma risk and/or severity. We
demonstrate in this study that sputum total adiponectin predicts asthma but future studies
confirming our findings are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

J Asthma. Author manuscript; available in PMC 2021 April 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sood et al. Page 9

Acknowledgements

Akshay Sood, MD, MPH takes responsibility for (is the guarantor of) the content of the manuscript, including the
data and analysis. AS, JS, GH, MH, YA, AC, RS, PM, MC, MH, CQ, MB and MS made substantial contributions to
conception and design, or acquisition of data, or analysis and interpretation of data; drafted the submitted article or
revised it critically for important intellectual content; and has provided final approval of the version to be published.
We would like to thank Umar Cheema, University of New Mexico School of Medicine, Albuguerque, NM, USA for
his help with data collection.

Declaration of interest

This study is supported by the NIH (1K23HL094531-01; 5M01RR00997; 8UL1TR000041); American Thoracic
Society/Merck Translational grant, and University of New Mexico Research Allocation Committee (RAC) grant.
None of the authors have any financial, consulting or personal relationships with other people or organizations that
could influence or bias the authors’ work. The study sponsor played no role in study design, conduct, analysis or
writing of the manuscript.

References

1. Steffes MW, Gross MD, Schreiner PJ, Yu X, Hilner JE, Gingerich R, Jacobs DR Jr. Serum
adiponectin in young adults — interactions with central adiposity, circulating levels of glucose, and
insulin resistance: the CARDIA study. Ann Epidemiol 2004;14:492-498. [PubMed: 15301786]

2. Bruun JM, Lihn AS, Verdich C, Pedersen SB, Toubro S, Astrup A, Richelsen B. Regulation of
adiponectin by adipose tissue-derived cytokines: in vivo and in vitro investigations in humans. Am J
Physiol Endocrinol Metab 2003;285:E52733.

3. Jeon MJ, Leem J, Ko MS, Jang JE, Park HS, Kim HS, Kim M, et al. Mitochondrial dysfunction and
activation of iNOS are responsible for the palmitate-induced decrease in adiponectin synthesis in
3T3L1 adipocytes. Experiment Molec Med 2012;44:562-570.

4. Pajvani UB, Hawkins M, Combs TP, Rajala MW, Doebber T, Berger JP, Wagner JA, et al. Complex
distribution, not absolute amount of adiponectin, correlates with thiazolidinedione-mediated
improvement in insulin sensitivity. J Biol Chem 2004;279: 12152-12162. [PubMed: 14699128]

5. Hug C, Wang J, Ahmad NS, Bogan JS, Tsao TS, Lodish HF. T-cadherin is a receptor for hexameric
and high-molecular-weight forms of Acrp30/adiponectin. Proc Natl Acad Sci U S A 2004;101:
10308-10313. [PubMed: 15210937]

6. Takemura Y, Ouchi N, Shibata R, Aprahamian T, Kirber MT, Summer RS, Kihara S, et al.
Adiponectin modulates inflammatory reactions via calreticulin receptor-dependent clearance of
early apoptotic bodies. J Clin Invest 2007;117:375-386. [PubMed: 17256056]

7. Yamauchi T, Nio Y, Maki T, Kobayashi M, Takazawa T, lwabu M, Okada-lwabu M, et al. Targeted
disruption of AdipoR1 and AdipoR2 causes abrogation of adiponectin binding and metabolic
actions. Nat Med 2007;13:332-339. [PubMed: 17268472]

8. Shore SA, Terry RD, Flynt L, Xu A, Hug C. Adiponectin attenuates allergen-induced airway
inflammation and hyperresponsiveness in mice. J Allergy Clin Immunol 2006;118:389-395.
[PubMed: 16890763]

9. Medoff BD, Okamoto Y, Leyton P, Weng M, Sandall BP, Raher MJ, Kihara S, et al. Adiponectin
deficiency increases allergic airway inflammation and pulmonary vascular remodeling. Am J
Respirat Cell Molec Biol 2009;41:397-406. [PubMed: 19168697]

10. Sood A, Qualls C, Schuyler M, Thyagarajan B, Steffes MW, Smith LJ, Jacobs DR Jr. Low serum

adiponectin predicts future risk for asthma in women. Am J Respir Crit Care Med 2012;186:41—
47. [PubMed: 22492987]

11. Efstathiou SP, Skeva Il, Dimas C, Panagiotou A, Parisi K, Tzanoumis L, Kafouri A, et al. Smoking
cessation increases serum adiponectin levels in an apparently healthy Greek population.
Atherosclerosis 2009;205:632-636. [PubMed: 19217624]

12. Miller M, Cho JY, Pham A, Ramsdell J, Broide DH. Adiponectin and functional adiponectin
receptor 1 are expressed by airway epithelial cells in chronic obstructive pulmonary disease. J
Immunol 2009;182:684—691. [PubMed: 19109202]

J Asthma. Author manuscript; available in PMC 2021 April 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sood et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Page 10

Sood A, Qualls C, Schuyler M, Arynchyn A, Alvarado JH, Smith LJ, Jacobs DR Jr. Adult-onset
asthma becomes the dominant phenotype among women by age 40 years. The longitudinal
CARDIA study. Ann Am Thorac Soc 2013;10:188-197. [PubMed: 23802814]

Komakula S, Khatri S, Mermis J, Savill S, Haque S, Rojas M, Brown L, et al. Body mass index is
associated with reduced exhaled nitric oxide and higher exhaled 8-isoprostanes in asthmatics.
Respir Res 2007;8:32. [PubMed: 17437645]

Dorevitch S, Conroy L, Karadkhele A, Rosul L, Stacewicz-Sapuntzakis M, Fantuzzi G.
Associations between obesity and asthma in a low-income, urban, minority population. Ann
Allergy Asthma Immunol 2013;110:340-346. [PubMed: 23622004]

Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG, Macintyre NR, et al.
Guidelines for methacholine and exercise challenge testing-1999. This official statement of the
American Thoracic Society was adopted by the ATS Board of Directors, July 1999. Am J Respir
Crit Care Med 2000;161: 309-329. [PubMed: 10619836]

Ferris BG. Epidemiology Standardization Project (American Thoracic Society). Am Rev Respir
Dis 1978;118:1-120.

Global Initiative for Asthma (GINA). Global Strategy for Asthma Management and Prevention -
NIH Publication No 02-3659 I. The GINA reports are available from www.ginasthma.org: Issued
January 1995 updated 2002 Management Segment Chapter 7 Updated 2005 from the 2002
document.

Locke GR, Talley NJ, Weaver AL, Zinsmeister AR. A new questionnaire for gastroesophageal
reflux disease. Mayo Clin Proc 1994;69:539-547. [PubMed: 8189759]

Kriska AM, Knowler WC, LaPorte RE, Drash AL, Wing RR, Blair SN, Bennett PH, et al.
Development of questionnaire to examine relationship of physical activity and diabetes in Pima
Indians. Diabetes Care 1990;13:401-411. [PubMed: 2318100]

Nagase M, Ando K, Nagase T, Kaname S, Sawamura T, Fujita T. Redox-sensitive regulation of
lox-1 gene expression in vascular endothelium. Biochem Biophys Res Commun 2001;281: 720—
725. [PubMed: 11237717]

Pizzichini E, Pizzichini MM, Efthimiadis A, Hargreave FE, Dolovich J. Measurement of
inflammatory indices in induced sputum: effects of selection of sputum to minimize salivary
contamination. Eur Respir J 1996;9:1174-1180. [PubMed: 8804934]

Kim CK, Callaway Z, Kim DW, Kita H. Eosinophil degranulation is more important than
eosinophilia in identifying asthma in chronic cough. J Asthma 2011;48:994-1000. [PubMed:
22022864]

Pizzichini E, Pizzichini MM, Efthimiadis A, Evans S, Morris MM, Squillace D, Gleich GJ, et al.
Indices of airway inflammation in induced sputum: reproducibility and validity of cell and fluid-
phase measurements. Am J Respir Crit Care Med 1996;154:308-317. [PubMed: 8756799]
Broekhuizen R, Vernooy JH, Schols AM, Dentener MA, Wouters EF. Leptin as local inflammatory
marker in COPD. Respir Med 2005;99:70-74. [PubMed: 15672852]

Horvath I, Hunt J, Barnes PJ, Alving K, Antczak A, Baraldi E, Becher G, et al. Exhaled breath
condensate: methodological recommendations and unresolved questions. Eur Respir J 2005;
26:523-548. [PubMed: 16135737]

Sood A, Qualls C, Seagrave J, McDonald J, Shohreh R, Chiavaroli A, Schuyler M. Effect of
allergen inhalation on airway oxidant stress, using exhaled breath condensate 8-isoprostane, in
mild asthma. J Asthma 2013;50:449-456. [PubMed: 23461590]

Janicka M, Kot-Wasik A, Kot J, Namiesnik J. Isoprostanes-biomarkers of lipid peroxidation: their
utility in evaluating oxidative stress and analysis. Int J Molec Sci 2010;11:4631-4659. [PubMed:
21151461]

Van Hoydonck PG, Wuyts WA, Vanaudenaerde BM, Schouten EG, Dupont LJ, Temme EH.
Quantitative analysis of 8-isoprostane and hydrogen peroxide in exhaled breath condensate. Eur
Respir J 2004; 23:189-192. [PubMed: 14979489]

Sack U, Scheibe R, Wotzel M, Hammerschmidt S, Kuhn H, Emmrich F, Hoheisel G, et al.
Multiplex analysis of cytokines in exhaled breath condensate. Cytometry A 2006;69:169-172.
[PubMed: 16496377]

J Asthma. Author manuscript; available in PMC 2021 April 30.


http://www.ginasthma.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sood et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Page 11

Montuschi P, Ragazzoni E, Valente S, Corbo G, Mondino C, Ciappi G, Ciabattoni G. Validation of
8-isoprostane and prostaglandin E(2) measurements in exhaled breath condensate. Inflamm Res
2003;52: 502-507. [PubMed: 14991078]

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo R, et al.
Standardisation of spirometry. Eur Respir J 2005; 26:319-338. [PubMed: 16055882]

Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference values from a sample of the
general U.S. population. Am J Respir Crit Care Med 1999;159:179-187. [PubMed: 9872837]
Chai H, Farr RS, Froehlich LA, Mathison DA, McLean JA, Rosenthal RR, Sheffer AL, et al.
Standardization of bronchial inhalation challenge procedures. J Allergy Clin Immunol 1975;56:
323-327. [PubMed: 1176724]

Sood A, Qualls C, Arynchyn A, Beckett WS, Gross MD, Steffes MW, Smith LJ, et al. Obesity-
asthma association: is it explained by systemic oxidant stress? Chest 2009;136:1055-1062.
[PubMed: 19592473]

Sood A, Ford ES, Camargo CA Jr. Association between leptin and asthma in adults. Thorax
2006;61:300-305. [PubMed: 16540481]

Sood A, Cui X, Qualls C, Beckett WS, Gross MD, Steffes MW, Smith LJ, et al. Association
between asthma and serum adiponectin concentration in women. Thorax 2008;63:877-882.
[PubMed: 18390629]

Tsaroucha A, Daniil Z, Malli F, Georgoulias P, Minas M, Kostikas K, Bargiota A, et al. Leptin,
adiponectin, and ghrelin levels in female patients with asthma during stable and exacerbation
periods. J Asthma: Off J Assoc Care of Asthma 2013;50:188-197.

Sideleva O, Suratt BT, Black KE, Tharp WG, Pratley RE, Forgione P, Dienz O, et al. Obesity and
asthma: an inflammatory disease of adipose tissue not the airway. Am J Respir Crit Care Med
2012;186: 598-605. [PubMed: 22837379]

da Silva PL, de Mello MT, Cheik NC, Sanches PL, Correia FA, de Piano A, Corgosinho FC, et al.
Interdisciplinary therapy improves biomarkers profile and lung function in asthmatic obese
adolescents. Pediatr Pulmonol 2012;47:8-17. [PubMed: 22170805]

Sood A, Qualls C, Seagrave J, Stidley C, Archibeque T, Berwick M, Schuyler M. Effect of specific
allergen inhalation on serum adiponectin in human asthma. Chest 2009;135:287-294. [PubMed:
18812451]

Holguin F, Rojas M, Brown LA, Fitzpatrick AM. Airway and plasma leptin and adiponectin in lean
and obese asthmatics and controls. J Asthma 2011;48:217-223. [PubMed: 21332421]

Sood A, Dominic E, Qualls C, Steffes MW, Thyagarajan B, Smith LJ, Lewis CE, et al. Serum
adiponectin is associated with adverse outcomes of asthma in men but not in women. Front
Pharmacol 2011;2:55. [PubMed: 22007173]

Baek HS, Kim YD, Shin JH, Kim JH, Oh JW, Lee HB. Serum leptin and adiponectin levels
correlate with exercise-induced bronchoconstriction in children with asthma. Ann Allergy Asthma
Immunol 2011;107:14-21. [PubMed: 21704880]

Kattan M, Kumar R, Bloomberg GR, Mitchell HE, Calatroni A, Gergen PJ, Kercsmar CM, et al.
Asthma control, adiposity, and adipokines among inner-city adolescents. J Allergy Clin Immunol
2010;125:584-592. [PubMed: 20226295]

Aaron SD, Vandemheen KL, Boulet LP, Mclvor RA, Fitzgerald JM, Hernandez P, Lemiere C, et al.
Overdiagnosis of asthma in obese and nonobese adults. CMAJ 2008;179:1121-1131. [PubMed:
19015563]

Miller M, Pham A, Cho JY, Rosenthal P, Broide DH. Adiponectin-deficient mice are protected
against tobacco-induced inflammation and increased emphysema. Am J Physiol Lung Cellular
Molec Physiol 2010;299:L834-1L842. [PubMed: 20935231]

J Asthma. Author manuscript; available in PMC 2021 April 30.



Page 12

Sood et al.

*(AjaAn0adsal ‘20070 pue £00°0 = d) sdnoib omy syl Usamiaq JUSIBLIP aJaM ‘pawliojsuel) 1001 atenbs uaym ‘sjjad poojq uil jIydouisos jusdiad pue NQT Eazgmw

‘sa|qeLien
1221106310 10} 153 19BX3 S, 13YSI4 puR S9|qeLIBA Snonuiuod BuizAfeue 1o pasn Sem 1S8)-] S,1UspnIS "Slus|eAINba d1j0geIBW SN PU0ISS 8UO Ul BWN|OA Aloresidxa padiod :TATS ‘Aoeded [elA padioy ;DAL

o T09FE'€8 T9.FGT. (1eam Jad s13N) Ananoe [eaisAyd pasuodal-§|8s
T00°0> %0 %9°8€ 9SN P10J8)S021LI02 pajeyu|
T00°0> YT1+29T LYFVy (wy/Bwi) 9254 surjoyoeyis N

500 82T ¥ 0'S0T GZT ¥ 966 DA Jole|ipoyduoig-aid pejaipaid o,
T00°0> EIT+TT0T €ET+688 TA34 Jorejipoyouoig-aid pajoipaid o4

o1 40] TTFEY TTFCV () OA\4 JorejIpOYUOIG-BId

200 80¥G¢ 80FTE (1) *A34 J03R[1IPOYIU0IG-Bid
2600 6'EEFGTIE L'S6 7985 (w/Bu) urxojoinau paawiap |1ydoulsos wninds
moo.o TTF8T T.F6€ 1199 poojq ui j1ydouiso3 9,

¢00 T09C +9v¢T €09¢€ +9'88¢ (lw/ni) 3 unngojBounwiw WS
9000 %G'09 %Y'88 1581 oud unys Aq ayess a1dory

6.0 %2'8T %L 2Insodxa 8X0LS 03980} [EJUSWIUOIIAUS JUBLIND

0T %8'TE %T Ve SI9NOWS JaWI0H

9€'0 %E'E8 %0L snyess [esnedouswaid ‘UBLLOM J|
00T %6°LC %E'LC Anoruyls oluedsiH
8T'0 %8'EL %¥'98 8del alyM
00T %¢'89 %¢'89 X85S 9[ewaH
€0 80T ¥0'¢e 6ETFLVE (s1eak ur) aby
aneAd  "Q'SFUBAW J0 9, Q'S F UBSW J0 9p ans14a19eIRYD

vy = u) sjoiuo) (v = u) ewyISY

"$]0J1U0D pUR BLIYISE YlIM $108gNns Usamiaq solisiis1oeleyd Jo uostiedwod paisnipeun

‘Tal1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Asthma. Author manuscript; available in PMC 2021 April 30.



Page 13

Sood et al.

'S3|qeLIeA [eo110681.D J0) 159 10BX8 S, Jaysid pue S3|geLIeA SnoNUU0d BuizAjeue 1oy pasn sem 1saly squapmis,,

'S9INSBALL SSBUYDIY) P|OJUINS WOy 18y Apoq Jusossd

9)eWIISA 0} Pasn aJam suoirenba aoualayal Ueiseane) ‘erep aouepaduwil [ea14198]301q Buisn e} Apog 1uadiad are|ndfed 01 pasn aiam suolienba adualayal 686T Aelo ‘Answondiosae Ael-x ABisus [eng wx3a

Author Manuscript

080
99'0
92’0
6.0
€L0
€L0
LL0
050
[44\
1¢0
(440}
€e0
9¢g'0
LL0
290
99'0
190
60
§6'0

9CTFL'LS
SETFGeCy
06T ¥ L'6€
6CTF90Y
YT F26¢E
G'GTFG€E
TETFT8E
€CTF599¢
71T ¥98¢
S9T¥8'TE
0ETF¥€9C
CTT+G0¢
S6F69T

CETF 29
YyIFTLC
60°0F /80
TOT+GCTT
8'6T ¥ 0'86
6'8 ¥ 8'0E

TTTF0.S
LOTFLEY
C6TF6'VE
9TT*ETY
9CT¥20v
8YT ¥ L'¥E
LTT¥68¢
STT¥2Z8¢
7IT+50¢€
€8T F¥¥'9¢
LYTF6'6¢
STT¥6¢CC
8'6 F8'8T
8¢T¥0/¢
9'ST¥.'8¢
60'0¥ 980
TETFTVIT
¥'2C ¥ 586
96 F.0€

(wXx3Q) ssew ues| Apoq [e101 %
(wX3Q) 18} p1ouAb 9

(VX3Q) 18} proipue o

(VX3Q) 13 junn %

(vx3Q) 1) Ba) %

(WX3Q) 183 wie %

wvX3a buisn ‘rey Apoq [e101 %

mwoc%maE_ |eatn09]901q Buisn ‘yey Apoq [e101 %

pSluawaInseaw arswodoyue Buisn ‘yey Apog €10} %

(iwr ur) ssauxforys plojunis ybiy L

(ww ur) ssauxoIy) pjojuys aeijresdns
(Liw ur) ssauxjaIy} pojunys AsefIxepiiN
(L ur) ssausoIU} PIOJUIAS [|BM 1S3UD
(ww ur) ssauxoIyy pjojurys sdsotil
(wiw ur) ssauxaIy) plojurys Jejndeasgns
ofyel diy 0} 1s1ep

(wo ur) sguasaywinoao diy

(W u1) 89UBIBJWNDIID ISTBAN

(zw/Bx ur) xapui ssew Apog

anfea d

‘d’S ¥ UeaW 10 9%

"a’S F ueaw 10 9

(¥ = u) sjonu0d

(vy = u) eWIYISY

ansLIglorIeyYd Alsodipy

"$|0J1U0J pUB BWYISE YlIM $193[gns usamiaq sansiadeleyd Alisodipe Jo uostiedwod paisnlpeun

‘¢ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Asthma. Author manuscript; available in PMC 2021 April 30.



Page 14

Sood et al.

*(s]103U09 {1 pue BLIYISE YIM $3193[gNs 7i7) sdnoab
[eNPIAIPUL UIYHIA JR[ILUIS 318M SUOIIR|81102 8S8Y | “UIX0}0Jnau paALIap |1ydoulsos :NQ3 ‘WwJojos! JyBiam Jejnasjow-mo| MIAIT ‘Ww1o4os! JyBram Jejndsjow-piw :AMIAIAL ‘Wwi0j0si yBram rejnosjow-ybiy :MINH

vZ'0 €10 Na3 wnmnds

99'0 S0°0— undsj wnnds

S50 10°0- unds| wnuss

9T'0 ST0- unosuodipe MAINH wniss

800 6T°0- unoauodipe [e10] WNJSS  SUONELUSIUOI undauodipe [e10} wninds
anfeAd  1UBI91}J909 UOIIR[ALI0I S, UeWIRSdS  SaUNSeaW WNnJss pue wnnds 18410 10101paid Jofey

(88 =) s193[gns || ul sainseaw winJas pue wninds Jaylo pue undsuodipe [e10) wNnds usamiaq suoiealiod paisnlpeun

Author Manuscript

‘€ 9l1qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Asthma. Author manuscript; available in PMC 2021 April 30.



Page 15

Sood et al.

*(erep Atejuawa)ddng auljuQ ayl Ul passnasip se) sainseaw aujodipe

winJas Jo wnnds 03 19adsas yym sdnolb oMy syl Usamiag SaduaIaIp JUediuBIS ou Pamoys SpI0JaIS0dILI0d Pafeyul INOYIIM pue Yiim soiewyise Buredwod uodn “pijeA |11s JaAsmoy ale suostiedwod
dnouB-usamiag "sAesse JuaIayIp WOJL PaUIRIO S19M SaInseall OM] 8y} 8ouls ajqissod AJuo SI SIYL 'SUOITeIIUadUOD Ulloauodipe |10} WnJas ayl uey J1aybiy a1am suoliesjuaduod uioauodipe pIANH

WwinJas ueaw ‘sonewiyise Buowy 'sajqeriea || BuizAjeue 1oy pasn Sem 1S8)4 S,JUapNIS WI0}0s] JYBIaM Jejnaajow--mo] AT ‘Wiojost 1yBIam Jejnasjow-piw AN (WI04os! 1yB1am Jejnasjow-ybiy :AMIAH

680 060 6'7.8 L FV'EITEE 8'L6S LT FBCEOVE (Tw/Bd) undsy wnes
€10 02°0 '98G¢ F 1'689€ LT F T (lw/Bu) unosuodipe MINH Wwnies

79°0 9,0 0'90T€E F ¥'286€ T'TL92  9'08TY (wy/Bu) unosuodipe [e10} wnJes

saunjodipe wniss

68°0 16'0 GZLF8EE EISF e (w/6d) unds) wninds
- €70 8'€T F6°0T LETF9'8 (rex01 Jo 9%) unosuodipe MINT wmnds
- 0€0 8',CFG'SS GCEFET9 (2201 0 %) unoauodipe MININ wNINds
- 150 0TEF8ZE 8'87 ¥ 2'6¢ (2103 J0 9) unaUOdIPE MINH WS

€00 €00 06T FETL 7'LTF6'29 (suun annejal) unodsuodipe [e10) wnnds

saunjodipe wninds

paw.Ioysuea) 1004-30enbs elep Joj anfeA d  UOIRWIOJSURI] INOYUM BIep Med doy anjeA d 'a’S F Ues|\| ‘a’s ¥ uesiyl sonsLisloRIeYd sujodipy

(¥ = u) sjoau0D (by = u) ewyisy

"S|0J1U0D pUR BWYISE Y1IM $193[gns usamiaq sauiodipe wniss pue wninds Jo uosiedwod paisnipeun

‘v al|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Asthma. Author manuscript; available in PMC 2021 April 30.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Sood et al. Page 16

Table 5.

Multivariable analysis for asthma status as outcome in all subjects (/7= 88).

Characteristic Odds ratio (95% C.1.) p Value
Sputum total adiponectin concentrations 0.33(0.12,0.91) 0.03
Age (in years) 2.05 (0.75, 5.59) 0.16
Female sex 2.01(0.49, 8.25) 0.33
BMI (in kg/m?) 0.38 (0.06, 2.51) 0.31
Serum total adiponectin (relative units) 1.01 (0.39, 2.61) 0.99
Serum leptin (pg/mL) 2.40 (0.31, 18.8) 0.40

BMI: body mass index. Concentrations of sputum/serum total adiponectin and serum leptin were square root transformed. Odds ratios are presented
for all continuous measures as a step of two S.D. Alternate multivariable analyses additionally adjusted for percent body fat, estimated from
anthropometry, bioelectrical impedance and DEXA techniques, in three separate models and found similar results as above for the relationship of
asthma status on sputum total adiponectin (o= 0.03, 0.03 and 0.046, respectively). Alternate analysis excluded BMI and sex (since they were
matching variables) and found similar results as above for the relationship of asthma status on sputum total adiponectin (o= 0.03).
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