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ORIGINAL ARTICLE

Plasma Resistin Levels in Asthmatics as a Marker of Disease State

JEFFREY LAROCHELLE, M.D.,∗ JOHN FREILER, M.D., JOHN DICE, M.D., AND LARRY HAGAN, M.D.

The Department of Allergy and Immunology, Wilford Hall Medical Center, Lackland Airforce Base, San Antonio, Texas, U.S.A.

Background. Resistin is a protein produced by adipoctyes and circulating macrophages that has been found to be associated with inflammatory
states. Objective. To determine the levels of resistin in relation to asthma disease state and severity, we investigated a cohort of adult patients with
asthma. Methods. A cohort of moderate to severe persistent asthma patients and control patients were recruited and underwent fasting labs to evaluate
levels of serum glucose, C-reactive protein (CRP), and resistin. Results. No significant differences were found between the control and asthma
group with respect to serum CRP at 0.78 ± 0.60 mg/dL and 0.48 ± 0.60 mg/dL, (p < 0.36) or glucose at 92.2 ± 11.9 mg/dL and 89.5 ± 7.2 mg/dL,
(p < 0.084), respectively (mean ± SD). However, plasma resistin levels were found to be significantly elevated in asthma patients, 186 ng/mL (95%CI
169-202) compared with control patients 121 ng/mL (95%CI 90.4-151), (p < 0.005). Conclusions. Patients with asthma were found to have higher
levels of resistin, and resistin levels were increased with disease severity in the asthma cohort.

Keywords resistin, asthma, CRP, diabetes, FIZZ

INTRODUCTION

Asthma is a chronic disease characterized by reversible
airway obstruction, airway hyper-responsiveness, and
airway inflammation that currently affects nearly 21 million
Americans (1). Despite advances in diagnosis and treatment,
the underlying disease process is not well understood, and
control of the disease lags far behind established guidelines
leading to nearly 13 million office visits and 1.7 million
emergency room visits annually (1–3). Pulmonary function
testing with either methacholine challenge or bronchodilator
response has been the mainstay of diagnosing airway
hyper-responsiveness for many years, but these tests may
not be the most accurate assessment of disease state or
severity (4). Other noninvasive measurements of airway
inflammation including measurement of exhaled nitric oxide
(FENO), sputum eosinophils, or eosinophilic cationic protein
(ECP) have aided in our ability to determine asthma severity
and response to treatment (5–9). However, these tests also
have various limitations in clinical practice due to sputum
sample processing and analysis and the fact that foods and
medications may alter the results of FENO testing (10, 11).
Ideally, the measurement of a plasma marker that could be
correlated with levels of airway inflammation would aid
greatly in the identification and treatment of asthmatics.

Resistin is part of the FIZZ (found in inflammatory zones)
family of genes and was first characterized in murine mod-
els. The FIZZ family of genes also includes RELM-α, pre-
dominantly found in adipose, heart, and lung; RELM-β,
predominantly found in the gastrointestinal tract; and re-
sistin, predominantly found in macrophages and adipocytes
(12, 13). Resistin has been extensively studied as a potential
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link between type 2 diabetes and obesity in both mice and hu-
mans (12, 14–19). Although no link between type 2 diabetes
and resistin has been established in humans, there has been a
growing body of literature to support its role as an inflamma-
tory cytokine (20–26). Specifically, studies have shown that
resistin levels are associated with elevated C-reactive pro-
tein (CRP) in patients with adult-onset diabetes but show no
correlation with obesity or insulin resistance (12). The fact
that resistin is predominantly found in the adipocytes in mice
as opposed to the macrophage in humans may account for
the difference between a primarily metabolic role to a pri-
marily inflammatory role (13). Since the macrophage is the
major source of resistin in humans, resistin can be readily
measured in human plasma with a commercially available
enzyme-linked immunoassay (12, 19, 27). While resistin has
not yet been investigated in asthmatic patients, RELM-α and
RELM-β have been associated with airway inflammation and
allergen-induced asthma (21, 28).

To further elucidate the possible link between airway in-
flammation associated with asthma and plasma resistin lev-
els, we identified a cohort of previously diagnosed moderate
to severe persistent asthmatics and measured serum resistin,
CRP, and glucose levels in comparison to matched control
patients.

METHODS

Study Design and Subjects
Subjects between 18 and 65 years of age who were pre-

viously diagnosed with moderate to severe persistent asthma
as defined by the National Asthma Education and Prevention
Program (NAEPP) were enrolled from the Allergy and Im-
munology clinic at Wilford Hall Medical Center. Subjects on
inhaled corticosteroids or other controller medications were
allowed in the study, but subjects on oral corticosteroids any
time over the previous 6 months were excluded. Subjects
from the asthma cohort were given a questionnaire to quan-
tify their current disease state based on symptom frequency as
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TABLE 1.—Asthma symptom questionnaire.

Asthma group Symptoms Nighttime symptoms

Group 1 ≤2×/week ≤2×/month
Group 2 >2× week but < once daily >2×/month
Group 3 Daily symptoms

Daily albuterol use >once weekly
Exacerbations ≥2×/week

Group 4 Continual symptoms Frequent symptoms
Frequent exacerbations

defined by wheezing, dyspnea, cough, and chest tightness re-
gardless of their initial diagnostic class. These subjects were
then stratified into four groups corresponding to the symp-
tom criteria used by the NAEPP (Table 1). Spirometry was not
performed on subjects during the time of the study. Since the
role of resistin in inflammation has not been well described,
all subjects with either diabetes or a known systemic inflam-
matory disorder were excluded from this study. Subjects from
the control cohort were excluded if they carried a diagnosis
of any chronic respiratory disease. All studies were carried
out with approval of the local institutional review board, and
subjects provided informed consent.

Blood Collection and Analysis
For the collection of blood, samples were obtained after

a 12-hour fast for the determination of blood glucose, CRP,
and resistin. Measurement of blood glucose and CRP were
performed using routine laboratory procedures. Measure-
ment of plasma resistin was accomplished using the Resistin
(51–108)-NH2 (Human) (JKC373) EIA Kit from Phoenix
Pharmaceuticals (Belmont, CA) and a Bio-Tek Synergy HT
plate reader (Winooski, VT) equipped with KC4 analysis
software at 450 nm with a standard curve in the range of
0.05 to 1,000 ng/mL. Briefly, blood samples were collected
in ethyllenediaminetetraacetic acid (EDTA) tubes. Plasma
was collected after centrifugation, and aprotinin was added
to each sample before storage at –70◦C. Samples were stored
for no longer than 30 days before final analysis.

Statistical Analysis
Statistical analysis of age, glucose, CRP, and resistin levels

between control and asthma cohorts was accomplished with
either a Student’s t test or Mann-Whitney test, as appropriate.
Comparison of dichotomous variables between control and
asthma cohorts was accomplished with the χ 2 test.

RESULTS

Study Population
A total of 22 subjects were enrolled in the asthma cohort

that completed the questionnaire and laboratory studies, and
a total of 22 subjects were in enrolled in the control cohort.
One patient from the asthma cohort and control cohort were
excluded owing to current use of statins. Baseline charac-
teristics at the time of the study are provided in Table 2.
There were no significant differences among the control and
asthma cohorts with respect to age, gender, or serum glu-
cose. Body mass index (BMI) and hemoglobin A1C were not

TABLE 2.—Baseline characteristics.

Asthma group Control group
(n = 21) (n = 21) Significance

Male 38.1% 47.6% p < 0.533∗
Female 61.9% 52.4%
Age (years) 38 ± 10 41 ± 11 p < 0.437∗∗
Glucose (mg/dL) 89.5 ± 7.2 92.2 ± 11.9 p < 0.084∗∗

∗Chi square.
∗∗Students t test.
Data recorded as mean ± standard deviation.

measured at the time of the study. Among the subjects in
the asthma cohort, 95.2% were using inhaled corticosteroids
(ICS), 76.2% were using salmeterol, and 100% were using
albuterol. None of the subjects in the asthma cohort were
using salmeterol without the use of inhaled corticosteroids.
The dose of ICS ranged from 100 μg to 500 μg of flutica-
sone with most patients (54%) on low-dose ICS. There was
no correlation between ICS dose and degree of symptoms
at the time of the study. Despite the similarities in asthma
treatment, there was a significant diversity in the frequency
and severity of asthma symptoms with over 40% of subjects
classified inadequately controlled at the time enrollment into
the study based on NAEPP guidelines.

Inflammatory Markers
Comparison of serum CRP levels in the asthma and

control cohorts showed no significant difference, 0.48 ±
0.22 mg/dL (mean ± SD) and 0.78 ± 0.60 mg/dL respec-
tively, p < 0.363. Notably, 81% of the asthma cohort and
62% of the control cohort had no measurable CRP levels.
However, this was not a significant difference between the
two cohorts as determined by the χ 2 test, p < 0.141. Re-
sistin levels were found to be significantly elevated in the
asthma group as compared to the control group, 186 ng/mL
(95%CI 169–202) and 121 ng/mL (95%CI 90.4-151), respec-
tively, p < 0.005. Owing to the non-parametric variance in
resistin levels found in the control group versus the asthma
group, we analyzed the data using the Mann-Whitney test (re-
ported as median and interquartile range), which verified the
significant difference between the asthma and control groups,
190 ng/mL (interquartile range of 36 ng/mL) and 125 ng/mL
(interquartile range of 115 ng/mL), respectively, p < 0.004
(Figure 1). Lastly, the asthmatic subjects were separated by
symptoms into mild intermittent (group 1) and mild persis-
tent through severe (groups 2-4), which revealed a trend to-
wards elevated plasma resistin as the frequency and severity
of asthma symptoms increased (Figure 2).

DISCUSSION

We documented that plasma resistin levels were signif-
icantly higher in patients with a diagnosis of moderate to
severe persistent asthma than in control patients without ev-
idence of pulmonary or systemic inflammatory disease. Re-
sistin levels were elevated despite the majority of patients
receiving appropriate therapy for their asthma (29, 30). In
addition, elevations in plasma resistin were independent of
fasting serum CRP or glucose indicating an etiology separate
from the previously characterized association with diabetic
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FIGURE 1.—Plasma resistin levels.

This figure is a box and stem plot of plasma resistin levels (ng/mL) in control versus asthma patients. The figure represents median values (indicated by solid line)
and interquartile range (indicated by box). Asthma patients were found to have significantly elevated resistin levels (p < 0.004) utilizing the Mann-Whitney test.

inflammation. Plasma resistin was seen to be consistently
elevated in patients with increased frequency of symptoms.
Taken together, these data suggest that plasma resistin may be
associated with the airway inflammation seen in asthma and
that plasma levels may reflect disease state as a function of
symptom frequency and severity despite appropriate medical
therapy.

FIGURE 2.—Plasma resistin levels by symptom frequency.

This figure is a scatter plot comparing the range and mean plasma resistin levels
(ng/mL) by symptom frequency as determined by the initial asthma question-
naire. Each diamond represents a single data point, and the red line indicates the
mean in each group.

Resistin is a relatively new protein that has been exten-
sively studied as a potential link between obesity and dia-
betes in murine models. Although studies have demonstrated
a metabolic role for resistin murine models, this metabolic
link has not been identified in human studies (15, 19). How-
ever, both murine and human studies have demonstrated an
association between resistin and inflammatory states (25).
This relation to inflammation is more pronounced in hu-
man models where the predominant producer of resistin is
the macrophage (27). Kawanami et al. demonstrated that re-
sistin can induce vascular inflammation by increasing ex-
pression of vascular cell adhesion molecule (VCAM-1), in-
tercellular adhesion molecule (ICAM-1), and long pentraxin
3 on vascular endothelium (22). Macrophage exposure to re-
sistin has been shown to induce expression of tumoe necro-
sis factor alpha (TNF-α) and interleukin 12 (IL-12), which
suggests that resistin is more than simply a marker of inflam-
mation (25). Additionally, there have been studies indicating
a time-dependent increase in resistin mRNA in response to
lipopolysaccharide (LPS) exposure (23, 24). The growing
body of literature certainly suggests that resistin may have an
active role as a cytokine in various inflammatory pathways.

Apart from an association with vascular inflammatory
markers and chronic inflammation in diabetics, there have
been no studies looking at the role of resistin in asthma. How-
ever, the related FIZZ gene products, RELM-α and RELM-
β, have been linked to airway inflammation. Expression of
RELM-α has been shown to be elevated in response to pul-
monary inflammation (21). In addition, RELM-β expression
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was increased in mouse lung tissue after induction of asthma
with ovalbumin (OVA) and Aspergillus fumigatus (28).
This study also found that IL-4 and IL-13 could induce
Relm-β expression via a signal-transducer-and-activator-of-
transcription (STAT) 6 dependent mechanism, indicating a
link between the FIZZ gene family and allergic airway in-
flammation. Continued research of alternate markers of air-
way inflammation has greatly increased our understanding of
asthma.

The concept of measuring a serum marker for asthma is
not a novel one, and a mechanistic pathway consisting of
activated alveolar macrophages initiating a cytokine cascade
to induce systemic changes is conceivable. Previous stud-
ies have shown common serum inflammatory markers, such
as amyloid-A and fibrinogen, to be elevated in the setting
of asthma (31). Consistent with our findings, CRP was not
shown to be elevated in association with asthma in this same
study. Levels in C3a have been shown to be elevated in the
setting of an acute asthma exacerbation, and anaphylatoxins
in general have mechanistic links to asthma in their ability
to cause smooth muscle contraction and mucus hypersecre-
tion and to recruit other inflammatory cells (32–34). Resistin
may represent a new inflammatory marker associated with
asthma. Based on our studies, it is unclear whether resistin
is simply a marker for the presence of severity of disease
or if resistin is actually playing an etiologic role in airway
inflammation. Given the fact that resistin is both responsive
to lipopolysaccharide (LPS) and can induce a cytokine re-
sponse in macrophages lends evidence to support a role as an
important inflammatory cytokine.

Several limitations in our study must be considered. All the
patients in our asthma group carried a previous diagnosis of
moderate to severe persistent asthma, and nearly all of these
patients were on ICS, in addition to salmeterol, which have
been shown to significantly reduce markers of airway inflam-
mation (4, 5, 7). Therefore, these medications may be affect-
ing the degree of measurable systemic inflammatory mark-
ers. Although we showed a trend towards increased plasma
resistin in association with symptom severity and frequency,
the numbers of patients in group 3 (moderate persistent) and
group 4 (severe) were small, and our study was not powered
sufficiently to determine any statistical significance for this
type of subgroup analysis. Additionally, the presence or ab-
sence of atopy was not recorded among control or asthma
groups. Atopy is a known risk factor in the development of
asthma and would certainly lend more information about the
host factors in relation to levels of resistin. Further studies
to include pulmonary function test results correlated with
plasma resistin levels over time in conjunction with asthma
questionnaire results would provide additional information
into the role of resistin in asthma. The high degree of vari-
ability seen in the control population could potentially be
attributed to other unrecognized inflammatory conditions or
may simply represent a wide range of normal values for re-
sistin similar to other biomarkers, such as B-type natriuretic
peptide.

Overall, our study demonstrates a statistically significant
elevation in plasma resistin associated with the presence of
asthma independent of serum glucose or CRP levels. The
ability to assess and monitor airway inflammation associated
with asthma could conceivably improve the treatment of this

disease. The search for a better marker to predict treatment
response and track disease state is essential and must con-
tinue.
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