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Background: Several epidemiologic studies showed the significant association of insulin resistance with asthma.

Objective: The aim of this study was to evaluate the association of insulin resistance with airway hyperresponsiveness (AHR) in adult
population.

Methods: 1,058 subjects who visited to the Seoul National University Hospital Gangnam Center from October 2007 to January 2009
for a routine health check-up were enrolled. All subjects completed a questionnaire, anthropometric measurements such as body
mass index (BMI) and waist circumference, blood tests, pulmonary function test, and methacholine bronchial provocation test (MBPT).
Insulin resistance was estimated from the homeostasis model of assessment of insulin resistance (HOMA-IR).

Results: Thirty-three subjects (3.1%) had AHR based on MBPT. The subjects with AHR had higher BMI, waist circumference, and
HOMA-IR than those without AHR (p < 0.001, p = 0.003, and p = 0.002, respectively). In case of men, fasting insulin level and HOMA-
IR had significant correlation with forced expiratory volume in 1 second (%) (- = —0.1440, p = 0.011, and r = =0.1156, p = 0.042,
respectively). Fasting insulin level and HOMA-IR were higher in men with AHR than in those without (p = 0.046 and p = 0.040,
respectively). In binary logistic regression analysis after adjustment for age, HOMA-IR was the significant risk factor for AHR in men
(HOMA-IR: odds ratio [OR], 3.21; 95% confidence interval [Cl], 1.00-10.30). In case of women, fasting insulin, glucose level, or insulin
resistance had no significant correlation with lung function. BMI, waist circumference, and HOMA-IR were significantly higher in
women with AHR than in those without (p = 0.001, p = 0.011, and p = 0.010, respectively). In binary logistic regression analysis after
adjustment for age, BMI and HOMA-IR were the significant risk factors for AHR in women (BMI: OR, 2.20; 95% Cl, 1.23-3.82; insulin
resistance; OR, 1.05; 95% Cl, 1.00-1.09).

Conclusion: Insulin resistance was significantly associated with bronchial hyperreactivity, which is the most characteristic feature of
asthma.
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INTRODUCTION

Both obesity and asthma are common chronic diseases in many
westernized countries. The prevalence of both obesity and asthma
has been increasing dramatically in times [1]. Many clinical studies
showed the consistent association of obesity with asthma in terms
of causal relationship, dose-dependency, and reversal of asthma
by intervention, although the precise mechanism between obesity
and asthma remains unclear [2-6]. Several mechanisms have been
suggested as possible explanations about the relationship between
obesity and asthma, including mechanical effects of obesity on
the lung, chronic inflammation, common genetic factors, and
comorbid conditions related to obesity such as gastroesophageal
reflux disease and sleep apnea [7]. Obesity is a state of
chronic systemic inflammation, and may cause the metabolic
complications such as insulin resistance, diabetes mellitus, and
cardiovascular disease [8]. In particular, insulin resistance, a
hallmark of obesity, plays a central role in the pathogenesis of
these metabolic complications related to obesity. Several clinical
studies have shown that elevated plasma glucose level and a
diagnosis of diabetes mellitus were associated with impaired
lung function [9-12]. In addition, several epidemiological studies
have shown that elevated insulin level and insulin resistance were
associated with decreased lung function [13-15]. However, recent
cross-sectional and longitudinal studies showed conflicting results
about the association of insulin resistance with asthma [16-19].
These studies suggest that obesity and asthma may be related
through common inflammatory pathways associated with insulin
resistance. However, the relationship between insulin resistance
and airway hyperresponsiveness (AHR) has not been evaluated
until now although AHR is a hallmark of asthma. The aim of this
study was to evaluate the relationship between insulin resistance
and AHR in adult population.

MATERIALS AND METHODS

Study population

This study protocol was approved by the Institutional Review
Board at Seoul National University Hospital. This study was
conducted for subjects who visited to the Seoul National University
Hospital Gangnam Center for a routine health check-up from
October 2007 to January 2009. Medical records were retrospectively
reviewed. All subjects completed a questionnaire about previous
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and current medical history, current medications, respiratory
symptoms, and smoking status. Subjects who had current
respiratory symptoms, past or current history of asthma, diagnosis
of diabetes mellitus, current medications for diabetes, plasma
glucose level of more than 126 mg/dL, or significant comorbid
conditions such as malignancy, heart disease, or autoimmune
disease were excluded. Current smoker and ex-smoker were
excluded because of the possibility of misclassification of chronic
obstructive pulmonary disease (COPD) as asthma. Anthropometric
measurements such as weight, height, and waist circumference
were measured by trained personnel in our center.

Anthropometric measurements

Weight and height were measured in light clothes without
shoes. Body mass index (BMI) was calculated as weight per the
square of height (kg/m?). BMI was categorized according to the
modified World Health Organization (WHO) criteria from the
Asia-Pacific guideline: normal (<23 kg/m?), overweight (>23, <25
kg/m2), and obese (<25 kg/m?) [20]. The waist circumference was
measured at midpoint between the lower rib cage and iliac crest
according to the WHO recommendation.

Methacholine bronchial provocation test

Methacholine bronchial provocation test (MBPT) was carried
out using modified Chai's method as previously described [21].
Briefly, forced vital capacity (FVC) and forced expiratory volume
in 1 second (FEV:) were measured using a spirometer (Sensor
medics 2,130, Sensor Medics, Yorba Linda, CA, USA), taking the
largest values of triplicate FVC and FEV:i measurements. Subjects
with respiratory tract infections during six previous weeks were
excluded to avoid false positive result. A Rosenthal-French
dosimeter (Laboratory for Applied Immunology, Baltimore, MD,
USA) was used to deliver aerosols generated by a nebulizer
(DeVilbiss, Carlsbad, CA, USA). Subjects inhaled five breaths of
increasing methacholine concentrations either until the FEV;
fell to less than 80% of its baseline value or until the highest
concentration was reached. The triplicate FEVi measurements
made at 90 s after each inhalation and the largest value was used
for analysis. If the concentration of methacholine which caused
a 20% fall in FEVi (PCa0) was less than 25 mg/mL, the subject was
considered to have AHR to methacholine.

Assessment of insulin resistance
Insulin resistance was estimated from the homeostasis model of
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assessment of insulin resistance (HOMA-IR) [22]. The HOMA-IR was
calculated from fasting plasma glucose and fasting serum insulin
concentrations using the following formula (fasting plasma glucose
[mmol/L] x fasting serum insulin [mU/L]/22.5) Insulin resistance
was defined as HOMA-IR index in the upper 25% quartile of the
population as baseline [23].

Statistical analysis

Statistical analysis was performed using the statistical program
SPSS ver. 115 (SPSS Inc,, Chicago, IL, USA). Independent #-test was
used to compare continuous variables such as age, FEVi (%), FVC
(%), FEV1/FVC (%), waist circumference, glycated hemoglobin,
fasting insulin level, and fasting glucose level between the
study groups. Chi-square test was used to compare categorical
variables such as sex, BMI, and HOMR-IR. Partial correlation after
adjustment for age was used to evaluate the relationship between
lung function and metabolic parameters such as fasting insulin
or glucose level, and HOMA-IR. The risk factors for bronchial
hyperreactivity in the study population were estimated using
binary logistic regression analysis according to sex after adjustment
for age. Statistical significance was defined as p value <0.05.

Table 1. Participant characteristics

RESULTS

The baseline characteristics in our study population were
summarized in Table 1. Three hundred and ten men (29.3%) and
748 women (70.7%) were enrolled in the study. All subjects were
never-smokers and had no respiratory symptoms at the time of
enrollment in the study.

FEV1 (%), FVC (%), and FEVi/FVC (%) were significantly lower in
men than in women (p < 0.001). BMI and waist circumference were
significantly higher in men than in women (p < 0.001). Fasting
insulin level, fasting glucose level and HOMA-IR was also higher in
men than in women (p < 0.001).

Of 1,058 subjects, 33 subjects (3.1%) including 12 men and 21
women, showed AHR based on MBPT. The subjects with AHR
had lower FEVi (%) and FEVi/FVC (%) compared with the subjects
without AHR (p < 0.001). BMI, waist circumference, and HOMA-IR
was higher in subjects with AHR than those without (p < 0.001, p =
0.003, and p = 0.002, respectively) (Table 2). In case of men, fasting
insulin level and HOMA-IR had significant correlation with FEVi
(%) (r = —0.1440, p=0.011, and r = =0.1156, p = 0.042, respectively).
Men with AHR had lower FEV1 (%) and FEVi/FVC (%) compared

Characteristic Total (n = 1,058) Male (n =310) Female (n = 748) p value*
Age (yr) 54.09 £+ 10.79 5472 £ 11.60 53.84 + 1044 0.250
FEV1 (%) 10718 £+ 14.10 104.06 + 12.83 10848 + 1440 <0.001
FVC (%) 98.32 + 1263 95.69 + 11.74 9941 + 12.90 <0.001
FEVi/FVC (%) 8091 + 6.22 7940 £+ 643 8153 £6.02 <0.001
Body mass index (kg/m?)

<23 497 (46.9) 74239 423 (56.6) <0.001

>73,<25 263 (24.9) 97 (31.3) 166 (22.2)

<25 298 (28.2) 139 (44.8) 159 (21.3)
Waist circumference 84.51 + 8.26 88.19 £ 737 83.00 £ 813 <0.001
HbA1c 5.82 + 0.60 585+ 0.77 581 £ 0.51 0.370
Fasting insulin level 975 + 438 1063 + 475 938 + 417 <0.001
Fasting glucose level 9709 + 1701 102.30 £ 21.67 9493 + 14.50 <0.001
HOMA-IR

Insulin resistance (-) 794 (75.0) 200 (64.5) 594 (794) <0.001*

Insulin resistance (+) 264 (25.0) 110 (35.5) 154 (20.6)

Values are presented as mean + standard deviation or number (%).

FEVy, forced expiratory volume in 1 second; FVC, forced vital capacity; HbAlc, glycated hemoglobin; HOMA-IR, homeostasis model of assessment of insulin

resistance.
*Independent -test. 'Chi-square test.
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Table 2. Comparison of lung function, obesity measures, and blood tests between the subjects with AHR and without AHR

Variable MBPT (+) (n = 33) MBPT (=) (n =1,025) p value*
Age (yr) 57.76 £ 12.65 5398 + 10.71 0.048
FEV: (%) 9700 + 15.09 10751 + 1395 <0.001
FVC (%) 9539 + 1038 9841 + 12.74 0.180
FEVI/FVC (%) 7436 + 794 8112 + 6.04 <0.001
Body mass index (kg/m?)

<23 6(18.2) 491 (479) <0.0071t

>)3,<25 8(24.2) 255 (24.9)

<25 19 (576 279 (27.2)
Waist circumference 88.67 + 8.68 84.37 £ 8.21 0.003
HbATc 588 £0.52 5.82 + 0.60 0.540
Fasting insulin level 11.62 + 592 9.69 + 4.32 0.070
Fasting glucose level 102.24 + 13.25 96.92 + 1710 0.080
HOMA-IR

Insulin resistance (-) 17 (51.5) 777 (75.8) 0.002"

Insulin resistance (+) 16 (48.5) 248 (24.2)

Values are presented as mean + standard deviation or number (%)

AHR, airway hyperresponsiveness; MBPT, methacholine bronchoprovocation test; FEVi, forced expiratory volume in 1 second; FVC, forced vital capacity;
HbATc, glycated hemoglobin; HOMA-IR, homeostasis model of assessment of insulin resistance.

*Independent t-test. 'Chi-square test.

Table 3. Comparison of lung function, obesity measures, and blood tests according to sex between the subjects with AHR and without AHR

Male Female
Variable
MBPT (+) (n=12) MBPT (-) (n=298) p value* MBPT (+) (n=21) MBPT () (h=727) p value*
Age (yn) 5533 £ 12.01 54.69 + 1161 0.850 5914 + 13.08 53.68 + 10.32 0.018
FEV1 (%) 9167 + 1432 104.56 + 12.54 0.001 100.05 + 14.98 108.72 + 14.32 0.006
FVC (%) 93.83 £+ 10.83 95.76 £ 11.79 0.580 96.29 + 10.28 99.50 + 1296 0.260
FEVi/FVC (%) 71.50 + 6.61 797 £ 6.23 <0.001 76.00 + 831 81.69 + 5.87 0.005
Body mass index (kg/m?)
<23 183) 73 (24.5) 0.250¢ 5(23.8) 418 (575) 0.0011
>723,<25 3(25.0) 94 (31.5) 5(23.8) 161 (22.1)
<25 8 (66.7) 131 (44.0) 11 (52.4) 148 (20.4)
Waist circumference 90.89 + 742 88.08 + 7.36 0.200 8740 £ 9.26 82.85 = 8.06 0.01
HbAIlC 575 £ 0.55 586 +0.78 0.640 596 + 0.50 581 £ 0.51 0.170
Fasting insulin level 13.31 + 5.64 10.52 + 4.69 0.046 10.65 + 599 935 £ 411 0.330
Fasting glucose level 105.00 + 12.20 10212 £ 21.35 0.650 100.67 + 13.85 94.76 + 1449 0.066
HOMA-IR
Insulin resistance (-) 6 (50.0) 227 (76.2) 0.0401 12 (57.1) 555 (76.3) 0.043*
Insulin resistance (+) 6 (50.0) 71(23.8) 9429 172 (23.7)

Values are presented as mean + standard deviation or number (%).

AHR, airway hyperresponsiveness; MBPT, methacholine bronchoprovocation test; FEV;, forced expiratory volume in 1 second; FVC, forced vital capacity;
HbATc, glycated hemoglobin; HOMA-IR, homeostasis model of assessment of insulin resistance.

*Independent #-test. fChi-square test.
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with those without AHR (p = 0.001 and p < 0.001, respectively)
(Table 3). Fasting insulin level and HOMA-IR were significantly
higher in men with AHR than in those without (p = 0.046 and
p = 0.040, respectively) although BMI, waist circumference, and
fasting glucose level did not differ between the two groups (Table
3). In binary logistic regression analysis after adjustment for age,
HOMA-IR were the significant risk factor for AHR in men (HOMA-
IR: odds ratio [OR], 3.21; 95% confidence interval [Cl], 1.00-10.30)
(Table 4). However, the effects of insulin resistance on AHR became
insignificant after adjusting for age and BMI (Table 4). In case of
women, fasting insulin, glucose level, or insulin resistance had no
significant correlation with lung function. Women with AHR had
lower FEV: (%) and FEVi/FVC (%) compared with those without
AHR (p = 0.006 and p = 0.005, respectively) (Table 3). BMI, waist
circumference, and HOMA-IR were significantly higher in women
with AHR than in those without (p = 0.001, p = 0.011, and p = 0.043
respectively) although fasting insulin and glucose level did not
differ between the groups (Table 3). In binary logistic regression
analysis in women after adjustment for age, BMI and insulin
resistance were the significant risk factors for AHR (BMI: OR, 2.20;
95% Cl, 1.23-3.82; insulin resistance: OR, 1.05; 95% Cl, 1.00-1.09)
(Table 4). However, the effects of insulin resistance on AHR became
insignificant after adjusting for age and BMI although BMI was

Table 4. The risk factors for airway hyperresponsiveness according to sex

consistently the significant risk factor for AHR after adjusting for age
and insulin resistance (Table 4).

DISCUSSION

To our knowledge, this is the first study that showed the
significant association of insulin resistance with AHR. Insulin
resistance was the significant risk factor for AHR in both men and
women. BMI was the significant risk factor for AHR, especially in
women. Fasting insulin level and insulin resistance had significant
correlation with lung function in men.

A few cross-sectional and longitudinal studies have shown that
glycemic state was significantly associated with impaired lung
function. These studies showed that elevated fasting glucose level,
the diagnosis of diabetes, or poor glycemic control in diabetes was
significantly associated with impaired lung function [9-12]. Elevated
plasma glucose level was significantly associated with impaired
lung function even in nondiabetics [9]. In our study, fasting insulin
level and insulin resistance were significantly associated with lung
function in men although fasting glucose level was not. This result
is consistent with previous studies that have shown the association
of elevated insulin level and insulin resistance with lung function

Variable Odds ratio (95% Cl) p value* Odds ratio (95% Cl) p value*
Male sex
Body mass index (kg/m?)
<23/>23,<25/<25 2.08 (0.85-5.07)* 0.107 75 (0.70-4.38)" 0.232
Wiaist circumference 1.05 (0.98-1.12)* 0.191 1.03 (0.95-1.10)" 0.524
HbA1lc 0.74(0.24-2.32)* 0.606 0.67 (0.18-2.50)* 0.554
Fasting insulin level 1.09 (1.00-1.20)* 0.053 1.08 (0.98-1.20) 0m5
Fasting glucose level 01 (0.98-1.03) 0672 00 (0.98-1.03) 0.726
HOMA-IR (no/yes) 321 (1.00—10.30) 0.049 2.53(0.75-847) 0.134
Female sex
Body mass index (kg/m?),
<23/>23,<25/<25 2.20(1.27-3. 82)* 0.005 2.08 (1.18-3.68)" 0.012
Waist Circumference 04 (0.99-1.10)* ony 03 (0.98-1.09) 0.237
HbATc 123 (0.62-2.44)* 0.555 1.08 (0.52-2.28)* 0.835
Fasting insulin level 05 (0.97-1.14)* 0.215 02 (0.93-1.12)* 0.680
Fasting glucose level 1.01 (0.9971.04) 0.243 1.01 (0. 9871.04) 0.509
HOMA-IR (no/yes) 2.04 (1.00-1.09)* 0.042 44 (0.56-3.69) 0454
(l, confidence interval; HbATc, glycated hemoglobin; HOMA-IR, homeostasis model of assessment of insulin resistance.
*Adjusted for age. 'Adjusted for HOMA-IR. *Adjusted for body mass index.
apallergy.org http://dx.doi.org/10.5415/apallergy.2014.4.2.99 103



Asia Pacific

[13-15]. The association of insulin resistance with impaired lung
function was consistent even in nondiabetic males [13]. In contrast,
the relationship between insulin resistance and asthma has been
conflicting [16-19]. A retrospective study of 146 asthmatics first
reported that insulin resistance was significantly more common
in morbidly obese asthma patients than in morbidly obese non-
asthma patients [16]. In a cross-sectional study of 3,609 Danish
adults, obesity was associated with increased risk of allergic
sensitization, allergic and nonallergic asthma, whereas insulin
resistance was associated with allergic sensitization and allergic
asthma [17]. In this study, the relationship between obesity,
allergic sensitization, and allergic asthma became insignificant
after adjustment for insulin resistance. However, the relationship
between insulin resistance, allergic sensitization, and allergic
asthma was consistent after adjustment for obesity, suggesting
that the effect of insulin resistance was stronger than that of
obesity on allergic sensitization, and allergic asthma. A recent
prospective study of 4,516 Danish adults demonstrated that
obesity measures including BMI, waist circumference, waist-
to-hip ratio, and insulin resistance were significantly associated
with wheezing and asthma-like symptoms [18]. The association
of obesity measures with wheezing and asthma-like symptoms
decreased after adjustment for insulin resistance, suggesting that
the effect of insulin resistance was stronger than that of obesity
in wheezing and asthma-like symptoms. These studies suggest
that obesity and asthma may be related through common
inflammatory pathways associated with insulin resistance.
However, in the National Health and Nutrition Examination
Survey of 10,348 individuals in the United States, obesity was
independently associated with asthma after controlling after
insulin resistance and socio-demographic factors, but insulin
resistance was not associated with atopy or asthma.

Despite the conflicting results between insulin resistance
and asthma, there have been no studies about the association
of insulin resistance with AHR, which is the most characteristic
feature of asthma. As far as we know, this is the first study that
showed the significant association of insulin resistance with AHR.
In our study, insulin resistance was the significant risk factor for
AHR in both men and women. However, the association of insulin
resistance and AHR became insignificant in both men and women
after adjusting for age and BMI, suggesting that insulin resistance
is associated with AHR through mechanisms also involved in the
development of obesity.

Only never-smokers were enrolled in the study, and excluded
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the possibility that COPD patients were enrolled in our study.
Furthermore, AHR was defined on the result of MBPT. Previous
studies about the relationship between insulin resistance and
asthma has a limitation because the definition of asthma was
based on self-reported questionnaire.

Obesity is a state of chronic low grade systemic inflammation,
and inflammatory markers such as tumor necrosis factor-a (TNF-a),
interleukin-6, and vascular endothelial growth factor increased
in obese subjects [7, 11]. This proinflammatory state of obesity
is associated with insulin resistance and increased risk of type
Il diabetes. In particular, TNF-a may play an important role on
obesity-related insulin resistance [24, 25]. TNF-a level increased in
the blood and airways of asthma patients [26, 27]. Furthermore,
the administration of inhaled recombinant TNF-a to normal
subjects or mild asthmatics led to increased AHR and airway
inflammation [28, 29]. Considering these previous study results,
TNF-a inflammatory pathway may be the possible mechanism
explaining the association of insulin resistance with AHR although
those cytokines involved in the pathogenesis of insulin resistance
were not measured in our study.

There were several limitations in our study. First, it remains
unclear whether increased AHR in our study subjects is primarily
associated with metabolic abnormalities related to insulin
resistance both because the cytokines related to insulin resistance
were not measured. Second, the study population was not
representative of general population, and the sample size with
AHR was small, especially in men, because the subjects without
respiratory symptoms who visited for a routine health check-
up were enrolled in our study. The failure to find a relationship
between BMI and AHR in men may be attributable to the small
sample size. Third, the relationship between insulin resistance and
asthma was unknown in our study because only healthy subjects
without respiratory symptoms were enrolled.

Future study including measurement of inflammatory mediators
related to insulin resistance is needed to reveal the mechanism
about the relationship between insulin resistance and AHR.
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