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Abstract

Background—Obesity increases the risk of asthma and asthma severity and is a well-known risk
factor for insulin resistance and the metabolic syndrome (MS) in children and adolescents.

Objective—We aim to examine the association among obesity, insulin sensitivity, metabolic
syndrome, and lung function in U.S. adolescents with and without asthma.

Methods—Cross-sectional study 1,429 adolescents aged 12-17 years in the 2007-2010 National
Health and Nutrition Examination Survey. Adjusted regression was used to assess the
relationships among obesity, insulin sensitivity/resistance, metabolic syndrome, and lung function
in children with and without asthma.

Results—Insulin resistance was negatively associated with FEV1 and FVC in adolescents with
and without asthma, while MS was associated with lower FEVV1/FVC, with a more pronounced
decrease among asthmatics; these associations were driven by overweight/obese adolescents.
Higher BMI was associated with a decrease in FEV1/FVC among adolescents with insulin
resistance. Compared to healthy participants, adolescents with MS had a ~2% decrease in FEV1/
FVC; adolescents with asthma had a ~6% decrease; and those with MS and asthma had ~10%
decreased FEV1/FVC (p<0.05).

Conclusion—Insulin resistance and MS are associated with worsened lung function in
overweight/obese adolescents. Asthma and MS synergistically decrease lung function, as do
obesity and insulin resistance. These factors may contribute to the pathogenesis of asthma severity
in obese patients and warrant further investigation.
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INTRODUCTION

Asthma and obesity are major public health issues in industrialized countries such as the
United States (U.S.), with parallel rises in the prevalence of both diseases over the last few
decades(1-4). Epidemiologic studies have showed that childhood obesity is associated with
increased risk of incident asthma, increased asthma severity and morbidity, and decreased
response to long-term asthma medications(5-8).

Childhood obesity is a known risk factor for insulin resistance, diabetes, and the metabolic
syndrome(9, 10). There is growing evidence that metabolic derangements such as
hyperglycemia and hyperinsulinemia may lead to airway dysfunction and increased airway
responsiveness via several pathways, including epithelial damage and airway smooth muscle
proliferation(11). A recent population-based study reported higher rates of acanthosis
nigricans (a marker of insulin resistance) in children with asthma than in those without
asthma, regardless of body mass index (BMI)(12). Conversely, morbidly obese children and
adolescents with asthma have a higher incidence of insulin resistance than morbidly obese
children and adolescents without asthma(13, 14). The metabolic syndrome has also been
significantly associated with lung function impairment and asthma-like symptoms, with
abdominal obesity being the key determinant of this association(15, 16).

We hypothesized that measures of insulin sensitivity (fasting glucose/insulin ratio [G/I],
quantitative insulin sensitivity check index [QUICKI]) and insulin resistance (homeostasis
model assessment-estimated insulin resistance [HOMA-IR]) are associated with lung
function in adolescents, particularly among those with obesity or increased adiposity. We
further hypothesized that the metabolic syndrome is associated with worse lung function,
and that detrimental effects of insulin resistance and metabolic syndrome on lung function
are more pronounced in adolescents with asthma. We examined these hypotheses in a cross-
sectional study of adolescents living in the U.S.

METHODS

Subject recruitment

The National Health and Nutrition Examination Survey (NHANES) is a cross-sectional
nationwide survey designed to assess the health and nutritional status of the non-
institutionalized population of the U.S.(17). NHANES combines interviews and physical
examinations of participants by highly trained personnel. Participants for the study are
selected using a stratified, multistage probability design, and are thus a representative
sample of the U.S. population. By design, ethnic minorities (African Americans and
Mexican Americans) are over-sampled to increase the statistical power for data analysis in
these groups. Adolescents 12 to 17 years of age who participated in the 2007-2008 and
2009-2010 NHANESs were included in this analysis. Current asthma was defined as both
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having had asthma diagnosed by a doctor or other health care professional and at least one
asthma attack in the past year. Participants who had neither diagnosed asthma nor an asthma
attack in past year were selected as control subjects. Participants who reported a lifetime
diagnosis of asthma but no asthma attacks in the past year were excluded from this analysis.
The NHANES was approved by the Institutional Review Board of the National Center for
Health Statistics of the Center for Disease Control and Prevention (CDC). Informed consent
was obtained from all participants.

Study procedures

Measures of obesity and adiposity were collected by trained health technicians, following
recommendations from the Anthropometric Standardization Reference Manual(18). BMI
was calculated as weight (in Kg) divided by height (in meters) squared. Percent body fat
(PBF) was calculated from tricipital and subscapular skinfolds. For data analysis, all
measures were transformed to z-scores, in order to obtain standardized and comparable
coefficients: BMI z-scores were calculated using equations based on the 2000 CDC growth
charts(19); PBF z-scores were calculated by using reference equations for U.S. children(20);
and waist circumference (WC) and waist-to-height ratio (WHtR) were standardized using
the distribution of these measures in our study population. Overweight/obese were defined
as a z-score > 1.0364 (85! percentile) for each adiposity indicator.

Fasting plasma glucose, serum insulin, high-density lipoprotein (HDL) cholesterol,
triglycerides (TG), and C-reactive protein (CRP) were measured at a morning examination
session in all NHANES participants aged 12 years and older.. Participants fasting for less
than 9 hours, taking insulin or oral medications for diabetes, or refusing phlebotomy were
excluded. Insulin sensitivity was measured using two indicators: fasting glucose (UU/mL) to
insulin (mg/dL) ratio (G/I) and QUICKI. QUICKI was defined as 1/[log(fasting insulin) +
log(fasting glucose)] (21). Conversely, HOMA-IR was used as a measure of insulin
resistance and was defined as [fasting insulin x fasting glucose (mmol/L)]/22.5 (22).
Systolic blood pressure (SBP) was measured in all NHANES participants following study
protocols(23), and was standardized for this analysis by using its distribution in our study
population. Metabolic syndrome was defined as meeting at least three of the following five
criteria: fasting glucose = 110 mg/dL; WC = 75™ percentile; fasting TG = 100 mg/dl; HDL
< 50 mg/dl; and SBP = 90 percentile(14, 24).

Spirometry was performed following American Thoracic Society (ATS)
recommendations(25). The best forced expiratory volume in the 1st second (FEV4) and
forced vital capacity (FVC) values were selected for data analysis. Participants were not
eligible for spirometry if they were on supplemental oxygen or had painful ear infections,
current chest pain or a physical problem with forceful expiration, recent surgery (of the eye,
chest or the abdomen), heart disease or tuberculosis. Our main analyses were performed
using absolute values (in ml) adjusted for age, gender, height, and height?; confirmatory
analyses were performed using NHANES 111 predictive equations for lung function
measures, and are included in the Online Supplement.
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Statistical analysis

Primary sampling units and strata for the complex design of NHANES were taken into
account for data analysis. Sampling weights, stratification, and clusters provided in the
NHANES dataset were incorporated into the analysis to obtain proper estimates and
standard errors; fasting sample weights were also used when analyzing fasting glucose and
insulin. All multivariate analyses were performed using the linear regression within the
SURVEY procedure in SAS (SAS Institute Inc., Cary, NC). All models were adjusted for
age, sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, or other), family
history of asthma, health insurance coverage, environmental tobacco smoke (ETS) exposure,
CRP, and number of fasting hours; models for FEV; and FVC were additionally adjusted for
height and height?. In a secondary multivariate analysis, we examined the relation between
FEV1/FVC and overweight/obesity (BMI =85! percentile for age and sex) after
stratification by asthma and metabolic syndrome. All statistical analyses were conducted
using SAS 9.3 software.

RESULTS

The main characteristics of the 1,429 participating adolescents with and without current
asthma are shown in Table 1 (see Supplemental Figure 1 for derivation of study sample from
NHANES). Compared to adolescents without asthma, those with asthma were more likely to
be black, and to have a low annual household income, health insurance, a family history of
asthma, and lower FEV4 and FEV1/FVC (P <0.05 in all instances). Adolescents with asthma
also had a non-significant trend towards higher adiposity z-scores than their non-asthmatic
counterparts (P<0.10). There were no statistically significant differences in age, gender, ETS
exposure, CRP, or indicators of metabolic syndrome or insulin resistance between
adolescents with and without asthma. Similar results were found when comparing
adolescents with “ever asthma” to healthy controls (Supplemental Table 1).

Table 2 shows the results of the multivariate analysis of the relation between indicators of
insulin sensitivity or resistance and lung function measures, among all subjects and after
stratification by asthma status. In this analysis, greater insulin sensitivity (defined by higher
G/1 or QUICKI) was significantly associated with higher FEV; and FVC in all subjects.
Among subjects without asthma, each unit increment in G/I was significantly associated
with ~11 mL to 13 mL increments in FEV7 and FVC, respectively; and each 0.01 increment
in QUICKI was significantly associated with ~24 mL to 30 mL increments in FEV; and
FVC, respectively. Among adolescents with asthma, these findings were more pronounced:
significant increments of ~20 mL in FEVq and ~45mL in FVC per each unit increment in
G/I, and significant increments of ~42 mL in FEV1 and ~59 mL in FVC per each unit
increment in QUICKI. Conversely, insulin resistance (defined by higher HOMA-IR) was
associated with lower FEV4 and FVC: each unit increase in HOMA-IR was significantly
associated with lower FEV; and FVC among all subjects, and in subjects with and without
asthma. Insulin sensitivity or resistance was not significantly associated with FEV{/FVC in
all subjects or in subjects without asthma. Among subjects with asthma, both the G/I ratio
and the QUICKI were significantly and inversely associated with FEV1/FVC (range for the
estimated effect= —0.63% to —0.86% per each unit increment in G/I or QUICKI). In these
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subjects, the HOMA-IR was significantly and positively associated with FEV1/FVC (Table
2).

Table 3 shows the results of the analysis of the relation between indicators of insulin
sensitivity or resistance and lung function measures, after stratification by obesity (defined
using BMI). In a multivariate analysis among adolescents of normal weight, there was no
significant association between any indicator of insulin sensitivity or resistance and lung
function. Among overweight or obese adolescents, insulin sensitivity (higher G/I or
QUICKI) was significantly associated with higher FEV (range of estimated effect= 28.6
mL to 46.1 mL per each unit increment) and FVC, and insulin resistance (HOMA-IR) was
associated with lower FEV (estimated effect= —36.3 mL per each unit increment) and FVC.
Similar results were obtained when defining obesity/adiposity on the basis of PBF, WC, or
WHIR (see Supplemental Table 2) or when analyzing overweight and obese subjects
separately (data not shown).

On the basis of our results, we examined the relation between BMI z-score and lung
function after stratification by insulin resistance (Figure 1). Among adolescents without
insulin resistance (HOMA-IR < 3.0), each 1.0 z-score increment in BMI was associated with
~200 mL higher FEV1. Among adolescents with insulin resistance (HOMA-IR > 3.0), the
increment in FEV per each 1.0 z-score increment in BMI was lower at ~70mL (P for
interaction = 0.0006). On the other hand, each z-score unit increment in BMI was associated
with a significant decrement in FEV1/FVVC among adolescents with insulin resistance, but
with a non-significant decrement in FEV{/FVC among adolescents with normal sensitivity
(P for interaction=0.02).

We then focused on the metabolic syndrome (Table 2). Among all subjects or subjects
without asthma, the metabolic syndrome was significantly associated with a 2% to 2.3%
decrement in FEV1/FVC but not significantly associated with FEV, or FVC. Among
subjects with asthma, the metabolic syndrome was significantly associated with a 12.6%
decrement in FEV1/FVC and a 530 mL decrement in FEV,. After stratifying this analysis by
obesity status (Table 3), there was no significant association between the metabolic
syndrome and lung function measures among subjects of normal weight. Among subjects
who were overweight or obese, the metabolic syndrome was significantly associated with
(2.3%) lower FEV1/FVC but not with FEV1 or FVC. In an analysis of the relation between
each criterion used to define metabolic syndrome and lung function, there was no particular
measure driving our results (Supplemental Table 3).

Finally, we repeated the multivariate analysis of FEV1/FVC after stratification by asthma
and metabolic syndrome status. Compared to healthy controls (subjects without asthma or
metabolic syndrome), those with metabolic syndrome had an ~2% lower FEV1/FVC, those
with asthma had an ~5% lower FEV1/FVC, and those with both asthma and metabolic
syndrome had an ~10% lower FEV1/FVC (P for linear trend <0.01). These findings
remained significant after additional adjustment for any of the adiposity indicators (BMI,
PBF, WC, or WHtR, see Figure 2). We obtained similar but non-statistically significant
results for FEV (Supplemental Figure 2).
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As a confirmatory analysis, we reran the models for Tables 2, 3, and 4 with FEV1, FVC, and
FEV1/FVC as percent-of-predicted using NHANES 111 predictive equations for lung
function measures (see Supplemental Tables 4, 5, and 6). Although there was a ~16-19%
decrement in sample size (as non Mexican-American Hispanic participants were excluded,
given lack of appropriate predictive equations) and coefficients are expressed in different
units (“% of predicted” instead of ml), the results of this analysis are very similar to those of
our main analyses. The direction and significance of all results for the whole sample and for
non-asthmatics remained the same, while among asthmatics (n=25) only the association
between MS and FEV1/FVC remained significant (Table 2 and Supplemental Table 4). As
in the main analysis, all results continued to be driven by overweight/obese adolescents
(Table 3 and Supplemental Table 5).

DISCUSSION

To the best of our knowledge, this is the first study of insulin resistance or the metabolic
syndrome and lung function in a representative sample of U.S. adolescents with and without
asthma. Among adolescents with and without asthma, we found that insulin resistance is
associated with decreased FEV4 and FVC, and that the metabolic syndrome is associated
with lower FEV1/FVC. Both findings were significant only in overweight or obese
adolescents, and were more pronounced for FEV; and FEV1/FVC among adolescents with
asthma.

Insulin resistance, an immediate precursor of type-2 diabetes, has been associated with other
illnesses such as hepatosteatosis and cardiovascular disease. We found that insulin resistance
(or decreased insulin sensitivity) is associated with lower lung function in adolescents,
particularly those who are overweight or obese. For example, an increment in HOMA-IR
from 1.98 (the 25™ percentile in our sample) to 4.47 (75! percentile) would be associated
with ~90 mL lower FEV; and ~100 mL lower FVVC, while a similar decrease in QUICKI
would lead to ~171 mL lower FEV; and ~195mL lower FVC. These reductions were rather
symmetrical, consistent with studies in adults that report a much higher prevalence of
restrictive deficit among subjects with insulin resistance(26, 27).

We also show significant modification of the estimated effect of BMI on lung function by
insulin resistance, whereby a higher BMI in adolescents with insulin resistance is associated
with a smaller increment in FEV4 (~70 mL vs ~200 ml per 1.0 BMI z-score increase) but a
greater decrement in FEV1FVC than in their insulin-sensitive counterparts. Although prior
studies have reported an association between a higher BMI and either higher FEV4 or lower
FEV1/FVC in children(28-30); this is the first study reporting that insulin resistance may
modify or influence this association.

Insulin resistance —and the resulting metabolic imbalances— may affect lung function via
several pathways. Insulin growth factor 1 (IGF-1) is known to alter airway smooth muscle
contractility (31, 32) and stimulate its proliferation(33). Several studies have reported links
between adiponectin or leptin and asthma, asthma severity, or lung function(34-36).
Selective leptin resistance may lead to loss of the anorexigenic and metabolic effects of
leptin, while rising levels of this hormone continue to affect other organs (e.g. chronically
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activating the sympathetic system)(37, 38). Resistin, an adipokine implicated in insulin
resistance, has pro-inflammatory properties in the lung via the recruitment and activation of
neutrophils(39). Likewise, cytokines from the resistin-link molecule (RELM) family have
been shown to induce airway inflammation and fibroblast proliferation in murine
models(40). Prior studies in healthy adults have also found an association between insulin
resistance and airway hyper-responsiveness (AHR)(41). On the other hand, murine models
have shown that allergic airway inflammation may lead to reduced levels of insulin-
degrading enzyme and decreased insulin receptor phosphorylation in the brain, producing
changes that may induce insulin resistance and a pro-inflammatory response(42).

The metabolic syndrome has been associated with asthma in large cross-sectional(43) and
longitudinal(44) studies in adults (mean ages 55 and 43 years, respectively). Similarly, a
large study of almost 122,00 adults (mean age= 46 years) reported an association between
the metabolic syndrome and lower FEV, and FVC after adjusting for potential confounders
(including smoking status, alcohol consumption, BMI, and activity level)(15). However, this
and other studies in adults have shown that decrements in lung function associated with the
metabolic syndrome result in a restrictive ventilatory deficit (low FEV4 and FVC, but
normal FEV1/FVC) (45, 46). In contrast, we report a decreased FEV1/FVC ratio in
adolescents with metabolic syndrome, consistent with an obstructive deficit. This estimated
effect of metabolic syndrome on FEV1/FVC was separate from and additive with the effect
of asthma; thus, adolescents with both asthma and metabolic syndrome had ~530 mL lower
FEV; and 10% lower FEV1/FVC than their healthy counterparts (both reductions being
clinically significant in adolescents). Based on these results, one may speculate that the
mechanisms or effects of MS on lung function in children and adolescents may differ from
those in adults.

One previous study has reported low FEV1/FVC in morbidly obese adults with metabolic
syndrome. However, that study did not include subjects with asthma, and the observed
association was likely mediated by peripheral blood eosinophilia(47). We did not find that
one particular component of the metabolic syndrome explained our results; however, WC
was most consistently associated with the outcomes of interest. Of note, a low HDL was an
additional, independent risk factor for low FEV1/FVC in adolescents who are overweight or
obese.

Several mechanisms may explain the decrements in lung function associated with the
metabolic syndrome. In addition to insulin resistance, in the metabolic syndrome increased
protein turnover may lead to altered arginine metabolism and elevated methyl-arginine
molecules such as asymmetric dimethylarginine (ADMA); this in turn limits arginine
availability for nitric oxide generation, which may result in epithelial damage and
dysfunction(48). In mouse models of allergy with diet-induced metabolic syndrome,
electron microscopy has shown stressed and dysfunctional mitochondria in the bronchial
epithelium, leading to AHR even in the absence of allergen exposure(49). Chemokine (C-X-
C motif) receptor 3 (CXCR3), involved in immune cell regulation and allergic airway
inflammation(50), has also been reported to modulate diet-induced insulin resistance and
visceral adipose tissue macrophage infiltration and inflammation in mice(51). As with
insulin resistance, some studies have shown that the decline in lung function in some cases
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precedes the development of metabolic syndrome(52); future studies should try to elucidate
whether this is a cause-effect relationship, or whether both are consequences of the same
process (e.g. obesity and inflammation), with the decline in lung function merely being an
earlier manifestation of disease.

Our study has considerable strengths, including the use of a representative sample of U.S.
adolescents, performance of standardized procedures by uniformly trained personnel, and
adjustment of data analysis for several potential confounders, including obesity/adiposity
and CRP. We also acknowledge several limitations of our findings. Firstly, NHANES is a
cross-sectional study, and therefore a temporal relationship between insulin resistance,
metabolic syndrome, and lung function cannot be determined. Secondly, we had limited
statistical power for subgroup analyses, due to the small number of adolescents with current
asthma. Thirdly, the metabolic syndrome may be defined following several sets of
guidelines. The definition we used had less stringent criteria and thus allowed us to classify
more subjects as having metabolic syndrome; using stricter criteria (International Diabetes
Federation(53, 54)) yielded much fewer children classified as such (n=19), but results for
FEV1/FVC remained the same (data not shown). Fourthly, our definition of current asthma
could have excluded a portion of participants with asthma who had low exacerbation risk
but higher impairment in the year prior to the study. Finally, we could not control for all
factors related to obesity, insulin resistance, or metabolic syndrome, such as diet or family
history of diabetes.

In summary, insulin resistance and MS are associated with significantly worsened lung
function in overweight/obese adolescents. The effect of MS is worse among adolescents
with asthma. Insulin resistance and MS may thus contribute to the pathogenesis of asthma
severity in obese patients and warrant further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Sources of Funding: Dr. Forno’s contribution was supported by NIH grant HD052892. Dr. Celeddn’s contribution
was supported by NIH grants HL079966 and HL117191, and by an endowment from the Heinz Foundation. Dr.
Forno had full access to all of the data and takes responsibility for the integrity and accuracy of the analysis. None
of the funding sponsors had any role in study design, data analysis, or manuscript preparation or approval. Dr.
Celedon served as a single-time consultant for Genentech in 2011 on a topic unrelated to this manuscript.

Abbreviations

BMI Body mass index

CRP C-reactive protein

FEV, Forced expiratory volume in the first second
FvC Forced vital capacity

G/l Glucose to insulin ratio

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 August 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Forno et al.

Page 9
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Figure 1. BMI z-score and lung function by insulin resistance status
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Predicted values for FEV1 and FEV1/FVC by insulin resistance status (HOMA-IR<3.0 vs
>3.0). All models adjusted for age, gender, race/ethnicity, asthma status, health insurance
coverage, family history of asthma, ETS exposure, fasting hours, and C-reactive protein.
Interaction P-value for FEV4 = 0.0006, and for FEV/FVC = 0.02.
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b. Percent body fat (PBF)
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Figure 2. Predicted FEV1/FVC by asthma and metabolic syndrome status
All models adjusted for age, gender, race/ethnicity, health insurance coverage, family

history of asthma, ETS exposure, fasting hours, C-reactive protein, and z-score for each
respective adiposity indicator (BMI, PBF, WC, or WHtR). MS=metabolic syndrome. No
asthma & no MS n=496; MS only n=58; asthma only n=23; and MS & asthma n=7. *P<0.05

compared to control group (no asthma & no MS).
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Table 1

Characteristics of study participants by asthma status.

Characteristics NONast??;i Current as;c\lhzrgg p_value
Age (year) 14.54 +0.05 14.53 +0.24 0.97
Male gender 688 (50.03) 57 (56.77) 0.34
Race/ethnicity 0.007

Non-Hispanic White 439 (60.51) 25 (47.42)

Non-Hispanic Black 294 (13.34) 40 (29.64)

Hispanic 530 (19.55) 24 (13.90)

Other 71 (6.61) 6 (9.05)
Household income < $20,000/year 247 (13.81) 30 (24.95) <0.05
Health insurance coverage 1125 (88.45) 90 (97.18) 0.002
Family history of asthma 314 (22.42) 64 (58.34)  <0.001
ETS exposure 203 (15.04) 19 (20.47) 0.37
Hay fever 115 (10.02) 32(35.32)  0.006
FEV, (L)L 3.40 £0.03 3.27+£013 0.02
Fvc (L1 3.93+0.03 3.94+0.15 0.86
FEV1/FVC (%) 86.82 £0.22 83.08 £1.26 0.008
C-reactive Protein 0.14 +0.02 0.16 +0.03 0.67
Body mass index (BMI) z-score 0.65+0.04 0.92+0.17 0.09
Percent body fat (PBF) z-score 0.24 +0.04 0.45+0.11 0.06
Waist circumference (WC) z-score -0.07 £ 0.04 0.16 +£0.12 0.09
Waist-to-Height ratio (WHtR) z-score  —0.11 + 0.04 0.13+0.13 0.09
Glucose-to-insulin ratio? 951+0.38 8.31+0.88 021
QUICKI2 0.33 £ 0.002 0.32 +0.005 0.09
HOMA-IR2 3.24+011 3.90 £0.55 0.24
Metabolic syndromez 58 (9.02) 7(15.77) 0.29

Results shown as mean (SE) for continuous variables, and as N (%) for binary variables. Numbers may vary due to missingness. ETS =

Page 17

Environmental tobacco smoking. QUICKI = quantitative insulin-sensitivity check index. HOMA-IR=homeostasis model assessment - insulin

resistance.

lAdjusted for age, gender, height, and heightz.

2Data analyzed only for children who were examined after fasting, in morning sessions (n=701).

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 August 01.



Page 18

Forno et al.

'snjels ewyse Joy paisnipe >__m:o_u_vu<w

"ainseaw uonouny Bunj yaes ul Juswiaioul H1N0 40 1un 100 Jad umoys &_:mmmH

'70°0>d

X ¥
‘50°0>d

.NEm_mc pue b1y Joy paisnipe Ajjeuonippe DAL pue TATJH 2100s-Z |G pue ‘Uisioid aandeal
-0 ‘sinoy Bunsey ‘ainsodxa S 3 ‘ewyise Jo A1oisiy Ajiwey ‘abelanod asueinsul yieay ‘Aloiuys/aoel ‘1apuah ‘abe oy paisnipe sjapoul |1y “(JeAI81Ul 8OUPIIU0D 94G6) WUBID1YA0D Blag Se pajuasald eleq

x(05'2="T9°LT-) 95T~ x(65°0°05°0) 50 x(CL°0="T0'T-) 98'0~ (V0= '€8°0-) €90~ (%) DA/TATS

(1£°9TZ 'S6'66-) 8T°8S L \I8'€C— "PP'VS-) ET'6E- L(I8TL'ESY) LT'6S ,(66'65 '8T'62) 8S'vv (1w) oA4

L0T'0VE- "67'T2L-) 08'0€S~ L £\LSVT~ 25'65-) v0'LE~ (1589 '8T'ST) ¥8'TY L\LV'TE 28 L) Y102 (W) TA34
(8z=u) ewyise ua1IND

G0~ 26-) v0'2- (62°0'€2°0-) £0'0 (6T°0 '5€°0-) 80°0- (T0'9T°0-) TO'0- (%) OAH/*A3S

(20°9/2 ‘S5'8ST-) +2°85 (26'9T— '6€'T9-) 9T'6E~ L(BG°67 'L8'TT) EL'0E L 9T'CC '€SE) ¥8'ZT (1w) oA

(LS'TST '29'922-) S5 L6 L TOVT- €E°05-) Lyee- R BLTY '¥2°9) TOVC L7002 'ST'2) 60°TT () TA34
(615=U) ewyise oN

«x(79'0="€07=) 7ET~ (0£°0 '22'0-) 700 (610 2€°0-) 600~ (v1°0 '21°0-) T0'0- (%) OAH/FA3H

(18182 ‘05 7¥T-) 59°89 L \GE'TC- '2T'€9-) BT TV~ LRBETSOTVT) vL'2E < VO'ET '9Z7) S9'ET (1w) oA

(622°99T ‘25 T22-) ov'Le— 99'LT~ '66'05-) CE Ve~ R\C2TVTLL) L6 [1202'052) 91T (W) TA34

(sv5=U) zswedionued |Iv

3WOJAPUAS J1j10geIaIN (e8'ze-610 :9buel) ¥I-vWOH (7020 ”wmcmhva_v_o_DO (98°/£-86°0 :abuea) 01101 UIINSUI:8S0IN|D) 3wodno

'SnJe)s ewyise Ag uonouny Bunj pue ‘awoIpuAs J1j0geIaW ‘8auelsISal/AIIAILISUSS Ulnsu|

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 August 01.



Page 19

Forno et al.

‘ainseaw uonouny Bun| yoes ul Juswiaioul HD1NO 40 1un 100 Jad umoys mu_:mmmﬁ

'70°0>d
¥ ¥

‘50°0>d
X

.NEm_wc pue 1ybiay Joy paisnipe Ajjeuonippe DAL pue TATS 'sniels ewyise pue
‘ugyoad aA1loeal-) ‘sinoy Bunsey ‘ainsodxe S13 ‘ewyise Jo Aloisiy Ajiwey ‘abelanod soueinsul yifeay ‘ANoluyis/adel ‘1apuab ‘abe oy pasnipe sjapow ||V (JeAlsiul 80USPIILOD 04G6) BIA] Se pajussald ereq

£4(89°0-"26°-) e€e- (91°0 ‘Z€°0-) 80°0- (2£'0'92°0-) 90'0 (€20'12°0-) 100 (%) OAA/*A3AS
(v9°607 ‘0T'88-) £2°09T £(CE'02~ '58'65-) 600V~ L»(ET'GL '60°0€) T9'ZS (612G 'TE'ST) GL'EE (1w) OA4
(16'SZS 'ST'28T-) 88°2E x\E6'ST~ '6L'95-) ¥E'9E~ \OV'0L 'L8'TZ) ET'OY 8997 'TF'0T) §5'82 (lw) A4

(6zz=U) ajnusoiad ;158 < 1ING

(5€°0'05'9-) L0°€- (990 '59'0-) T0°0 (z€'0'0v'0-) ¥0°0- (6T°0 '¥T°0-) €00 (%) OA4/*A34
(05162 '19°'62T-) G608 (08'7€ 'SL°6€-) 872 (5z'0Z '€8'81-) T2°0 (2ot 'eT8-) ¥T'T (Jw) o4
(8¢°62Z '66'192-) 0€'9T— (€2'9¢ '86°2€-) 180~ (8222 '€9°€2-) 89°0- (S6'2T '€L'8-) TT°C (Jw) *A34

(91€=U) 8jnusdIad ;58 > IING

3WOIPUAS a1j0qeIs|N (e8'ze-610 :9buel) ¥I-vWOH (7020 ”wmcmhva_v_o_DO (98°/£-86°0 :abuea) 01101 UI|NSUI:8S0IN|D) 3wWwooINO

'snye1s A11saqo Aq uonauny Bun| pue ‘awoJpuAs d1jogeIsw ‘9ouUrISISal/ANIAIISUSS UljNSU|

€9l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 August 01.



Page 20

Forno et al.

'70°0>d

¥ ¥
‘50°0>d
M
‘10d &L > OM PRy yBiam [ewou o uaIp[Iyd |[e pue “Tp/BwOTT > 8s09n|6 Bunsey pey sonewyise __<N

“BLULISE JUBLIND 10} palsnipe Ajjeuoiippe ‘8109s-z [ 10 siseq uo vmccmoﬂ

"ddD pue ‘sinoy Bunsey ‘ainsodxe S13 ‘ewyise 4o Aloisiy Ajiwey ‘abelanod aoueansul yifeay ‘Anoluyie/ade. ‘1apusb ‘abie 1oy paisnipe sjapow 1V (1D %G6) ¢ se pajussaid ereq

(sv's ‘2e'1-) L0°C (€2°0 ‘Tz'e-) ¥S'T- (69'T ‘0T'2-) 02°0- (020-"'99¢-) €6~ (6€°2 '¥9°2-) CT0- 195900/4D1aMIaA0
(80°€ '62'8-) 58'2- Pl vz 'sv'e-) 16°0- (682 '€L'T-) €€°0 (€0Z '80°€-) £5°0- 1M fewnion
e {L57'90T) 282 (08T ‘28°0-) 9¥°0 Urp'szT-)T9T #0978 L691-) €L72T~ SoneWIYISY
(€6 '€€'9-) OL'T- 010~ '628-) 6T~ (08T '8%'2-) ¥£'0- (88°0 ‘¥12-) £9°0- (102 '22T-) ¥T°0 SoleLIse-UON
(062 ‘'92'9-) 89'T- (800 ‘2£'€-) G9'T- (99'T ‘ov'z-) Ov°0- (82°0‘80'2-) 59°0- (or'T'sT'2-) 8E°0- pSedionied |1
Tp/Bw Q1T < 8soon|b Bunseq  8jnusodad G2 T DM TIp/BW 0T < 8p148IA|BLI L p/bw 0g > 1AH a|nuadJad ;06 2 d9S

'snye1s A11saqo pue ewiyise Aq DAH/TATH pue BLIBYLIO SWOIPUAS 21j0CRIBIN
¥ 9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 August 01.



