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Abstract

Background: Obese children frequently complain of breathlessness. Asthma and obesity can both contribute to the
symptoms during exercise, and this symptom can contribute to a diagnosis of asthma in these children. Despite the high
prevalence of obesity few studies have investigated the cardiopulmonary physiology of breathlessness in obese children
with a diagnosis of asthma.

Methods: In this case-control study, thirty adolescents between age 12 and 19 were studied with baseline spirometry and a
cardiopulmonary exercise test. Ten adolescents were normal controls, ten had obesity without a diagnosis of asthma, and
ten had obesity with a history of physician-diagnosed asthma.

Results: Baseline characteristics including complete blood count and spirometry were comparable between obese
adolescents with and without a diagnosis of asthma. During exercise, obese asthmatic and obese non-asthmatic
adolescents had significantly reduced physical fitness compared to healthy controls as evidenced by decreased peak
oxygen uptake after adjusting for actual body weight (21.7%£4.5 vs. 21.4%=5.4 vs. 35.3%5.8 ml/kg/min, respectively).
However, pulmonary capacity at the peak of exercise was comparable among all three groups as evidenced by similar
pulmonary reserve.

Conclusion: In this study, breathlessness was primarily due to cardiopulmonary deconditioning in the majority of obese
adolescents with or without a diagnosis of asthma.
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Introduction other diseases, or as we will argue, obesity related cardiopulmo-
nary deconditioning [12,13,14].

There are at least two distinct routes to the development of the
combination of obesity and a diagnosis of asthma. First, there are
children with inflamed airways causing bronchial reactivity who

Opver the last fifty years, there has been a steady increase in both
asthma and obesity in children [1,2,3]. In parallel, there has been
an increase in the proportion of overweight children who are
diagnosed with asthma [4,5]. This has led to multiple studies on
the mechanisms by which obesity might contribute to asthma
[6,7]. Breathlessness is a cardinal symptom of asthma and is
generally thought to be caused by a combination of obstructive
lung physiology, inflammation, and/or deconditioning [8,9]. Even
though cardiac failure, anemia, renal failure, and musculoskeletal
abnormalities may also present with breathlessness, these chronic
diseases are rare among adolescents and asthma becomes the
prevailing diagnosis. However, several authors have also recog-
nized the risk of misdiagnosing asthma in obese children [10,11].
Therefore, the more common problem in adolescent medicine is
how to sort out breathlessness related to inflamed airways from

avoid exercise because it induces bronchospasm and who often
require steroid treatment; some of these children will gain weight
over time and become obese. Second, there are children who gain
weight because of a poor diet and sedentary lifestyle who become
progressively short of breath on exercise and receive a diagnosis of
asthma because of complaint of breathlessness. Clearly, these two
conditions are different, but in practice, they are not distinguished
and often are treated in the same way.

Most epidemiological studies on the relationship between
obesity and asthma assume that a physician diagnosis of asthma
implies the same etiopathogenesis in obese and normal weight
children [4,5,15,16]. Studies investigating the specific underlying
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mechanisms of asthma in obese children or adults, however, have
found that obese asthmatics are less allergic and/or less inflamed
than normal weight subjects [17,18,19,20]. An important feature
of the epidemiological studies is that most of them have used a
“physician diagnosis of asthma” or a diagnosis of asthma “based
on parental survey” to define which children have asthma
[4,6,17,18,19]. In practice, a diagnosis of asthma is often based
on reports of breathlessness and/or wheezing during exercise
without objective criteria such as lung function studies. This is
because detailed evaluation would require referral to a specialist
and because spirometry at rest is often within normal limits [11].
Based on these observations, the objective here was to identify
the etiology of exercise limitation and breathlessness by evaluating
cardiopulmonary physiology in obese teenagers with or without a
history of asthma diagnosis [21,22,23]. We used cardiopulmonary
exercise testing (CPET) because it: 1) offers a testing modality in
which the subject is challenged to replicate the subjective
symptoms of breathlessness; and ii) provides objective information
on the cardio-, pulmonary-, and metabolic- limitation at a time
when subjective breathlessness is apparent. The results show that a
large proportion of our obese teenage subjects with or without a
diagnosis of asthma had no measurable cardiac or pulmonary
deficit, and appeared to be limited by deconditioning alone.

Methods

Subjects

Prior to enrolment all subjects and their parents signed
informed consent documents. The consent procedure and study
were approved by the institutional review board of the University
of Virginia. Thirty adolescents aged 12 to 19 years were enrolled
in three groups: a healthy, non-asthmatic, normal weight control
group (controls; n=10), obese group without history of asthma

Breathlessness in Obese Adolescent Asthmatics

(OB-CTL; n=10), and an obese group with a diagnosis of asthma
(OB-Asthma; n = 10). Subjects in the latter group had to have been
diagnosed with asthma by a physician. Obesity was defined as
body mass index (BMI)>95" percentile for age [24]. Anthro-
morphic measurement was assessed based on published methods
[25,26]. Subjects were asked to discontinue asthma controller
medications 24 hours and short acting beta agonists 6 hours prior
to physiologic testing. Additional details are provided in an online
supplement.

Baseline assessment and cardiopulmonary stress test
(CPET)

Body composition was measured using air displacement
plethysmography as described previously [27]. Levels of each
subject’s physical activity and metabolic rate were calculated by
Previous Daily Activity Recall tool (PAR) [28]. Baseline complete
blood count (CBC) with differential was obtained before admin-
istering CPET. Spirometry (KoKo Spirometry, nSpire Health,
Inc.) was obtained before administering CPET and immediately
after completing CPET. Exhaled nitric oxide (eNO) and serum
total IgE were measured as previously described [29,30,31].
Participants completed a modified Balke protocol [32]. At the
peak of the exercise each subject’s perceived breathlessness was
measured by the children’s OMNI scale [33]. Data was
continuously analyzed to allow interval calculations of spirometry
values, including minute ventilation (Vg), oxygen consumption
(VOy), carbon dioxide production (VCOy), and Oy pulse (VOo/
HR). Maximal voluntary ventilation (MVV) was calculated by
multiplying forced expiratory volume in 1 second (FEV)) by a
factor of 40. Pulmonary reserve (%PR) was calculated as (1-Vg/
MVV)x100 [34]. Additional detail is provided in the online
supplement.
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Table 1. Demographic and anthropomorphic characteristics of the study population.
P value (CTL  P-value (CTL vs  P-value (OB-CTL vs

CTL (n=10) OB-CTL (n=10) OB-Asthma (n=10) vs OB-CTL) OB-Asthma) OB-Asthma)
Age (yr) 15.1+£2.8* 13.2x1.7 14.7+2.0 0.091 (0.27%) 0.72 (1.00) 0.09 (0.23)
Gender M/F 5/5 5/5 4/6 1.00 (1.00) 1.00 (1.00) 1.00 (1.00)
Race:
Caucasian 5 7 3 0.35 (1.00) 0.65 (1.00) 0.07 (0.14)
African American 5 2 7
Native American 0 1 0
Weight (kg) 55*14 9622 115+19 <0.01 (<0.01)  <0.01 (<0.01) 0.05 (0.16)
Height (cm) 161+12 162+5 169+8 0.74 (1.00) 0.11 (0.33) 0.07 (0.20)
Mean BMI 20.7+3.0 36.3%8 40.2+6 <0.01 (<0.01)  <0.01 (<0.01) 0.24 (0.72)
Lean Body Weight (kg) 43.9+104 55.4*6.1 62.7+10.4 0.01 (0.03) 0.01 (0.01) 0.08 (0.23)
Fat Mass (kg) 10.6%6.0 42.6%17.8 47.5%£11.0 <0.01 (0.01) <0.01 (<0.01) 0.48 (1.00)
% Body Fat 18.6+7.3 42.0£8.2 45.2+4.6 <0.01 (<0.01) <0.01 (<0.01) 0.29 (0.87)
Waist Umbilicus (cm) 72.6+8.2 110.3%13.5 130.3%28.1 <0.01 (<0.01)  <0.01 (<0.01) 0.06 (0.19)
Saggittal Diameter (cm) 183*1.2 30.2*7.3 35.0£5.1 0.01 (0.01) <0.01 (<0.01) 0.10 (0.31)
PAR Met Rate (kcal’kg/min) 69.0+24.7 54.0£14.0 60.3+11.6 0.09 (0.12) 0.74 (0.33) 0.12 (0.29)
CTL = healthy normal weight subjects. OB-CTL = obese subjects without a diagnosis of asthma. OB-Asthma = obese subjects with a diagnosis of asthma. PAR Met
Rate = Metabolic rate calculated by recall of the previous 24 hour activity in kcal/kg/min. Between-group comparison of means based on the Welch’s modified version
of the Students t-test. Between-group comparison of frequencies based on the Fisher's exact test. Data are presented as Mean =+ SD.
*Mean = standard deviation,
fUnadjusted p value,
*Bonferroni adjusted p value assuming 3 hypothesis tests.
doi:10.1371/journal.pone.0061022.t001
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Table 2. Spirometry results.
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P value (CTL vs P-value (CTLvs P-value (OB-CTL vs

CTL (n=10) OB-CTL (n=10) OB-Asthma (n=10) OB-CTL) OB-Asthma) OB-Asthma)
FEV; (Liters) 3.01%0.96* 2.80*0.36 3.17%0.60 0.55F (1.00%) 0.65 (1.00) 0.12 (0.36)
FEV; % predicted 95*15 95*10 89+17 0.93 (1.00) 0.39 (1.00) 0.37 (1.00)
FVC (Liters) 3.53%1.07 3.38+£0.43 4.07+0.93 0.64 (1.00) 0.24 (0.72) 0.05 (0.15)
FVC % predicted 102*+15 105+12 10318 0.90 (1.00) 0.70 (1.00) 0.83 (1.00)
FEV,/FVC 0.85%0.07 0.83%0.09 0.7920.09 0.59 (1.00) 0.10 (0.29) 0.28 (0.83)

*Mean = standard deviation,
fUnadjusted p value,

doi:10.1371/journal.pone.0061022.t002

Statistical analysis

Data were analyzed using One-Way ANOVA and Welch’s
version of the Student’s t-test. The degrees of freedom associated
with the Welch’s t-test were determined via the Satterwaithe
approximation method, and a Bonferroni multiple comparison
type I error rate corrected rejection rule was implemented in order
to restrict the overall probability of falsely rejecting one or more
null hypotheses to be no greater than 0.05. The software, MIXED
procedure of version 9.1.2 EAS (SAS Institute Inc. Cary, NC) was
utilized to conduct statistical analyses.

Results

Baseline demographics

The subjects were 14.3+2.4 years old (mean age = SD) and
included 15 males and 15 females. Lean body weight, BMI, fat
mass, percent body fat, waist circumference, and sagittal diameter

CTL = healthy normal weight subjects. OB-CTL = obese subjects without a diagnosis of asthma. OB-Asthma = obese subjects with a diagnosis of asthma. Between-group
comparison of means based on the Welch’s modified version of the Students t-test. Data are presented as Mean * SD.

*Bonferroni adjusted p value assuming 3 hypothesis tests. FEV, = Forced Expiratory Volume in 1 second. FVC = Forced Vital Capacity.

were significantly higher in OB-CTL and OB-Asthma subjects as
compared to controls (Table 1). There was no significant
difference in baseline spirometry or eosinophils among the three
groups (T'able 2, Table S1). There was no significant difference in
the levels of previous 24 hour-activities quantified by PAR and of
estimated metabolic rates among three groups (T'able 1).

Cardiovascular capacities & physical fitness

During exercise testing, the comparable maximum heart rates
were achieved among all groups, and each group reached greater
than 90% of the percent predicted target heart rate. At the point of
volitional fatigue, children’s OMNI scores were increased to
comparable levels in all three groups (Table 3). Peak Respiratory
Exchange Ratios (RER) were also comparable among the three
groups (Table 3), and none of the subjects had abnormal
electrocardiogram findings during exercise. Overall obese subjects
exercised for a significantly shorter duration as compared to

Table 3. Comparison of cardiopulmonary stress test (CPT) results.

OB-Asthma P value (CTL  P-value (CTL P-value (OB-CTL
CTL (n=10) OB-CTL (n=10) (n=10) vs OB-CTL) vs OB-Asthma) vs OB-Asthma)
Total Exercise Time (sec) 919+215* 515%x127 489+149 <0.01% (<0.01F) <0.01} (<0.01%) 0.53 (0.67)
Children’s OMNI Scale 7.7%1.9 7.2%26 7.7%1.8 0.80 (0.63) 1.00 (1.00) 0.85 (0.62)
Maximum Heart Rate 188.3=14 186.5*11 184%11 0.751 (1.00%) 0.44 (1.00) 0.60 (1.00)
% Target Heart Rate 91.9+7.0 90.2%5.4 89.6+5.4 0.54 (1.00) 0.42 (1.00) 0.81 (1.00)
Maximum RER 1.06+0.06 1.02+0.07 1.07+0.05 0.14 (0.43) 0.79 (1.00) 0.07 (0.20)
VO,-Peak(L/min) 1.93+0.7 2.06+0.4 2.53+0.7 0.64 (1.00) 0.07 (0.19) 0.08 (0.25)
VO,-Peak/ABW(mL/min/kg) 35.3+5.8 214+54 21.7+45 <0.01 (<0.01) <0.01 (<0.01) 0.89 (1.00)
VO,-Peak/IBW(mL/min/kg) 314*63 33.4*+6.7 36.6*+5.9 0.51 (1.00) 0.07 (0.22) 0.27 (0.80)
O, pulse(mL/min) 10.3£3.5 11.0£2.1 13.8%3.5 0.56 (1.00) 0.04 (0.11) 0.05 (0.15)
VCO,-Peak(L/min) 2.08*+0.79 2.01+0.46 2.60*+0.67 0.83 (1.00) 0.13 (0.39) 0.04 (0.11)
Ve(L/min) 63.5124.2 62.4+14.5 79.0+21.4 0.91 (1.00) 0.15 (0.44) 0.06 (0.18)
Pulmonary Reserve (%) 46.8+12.7 43.2+16.0 37.4%124 0.59 (1.00) 0.11 (0.33) 0.37 (1.00)

CTL = healthy normal weight subjects. OB-CTL =obese subjects without a diagnosis of asthma. OB-Asthma = obese subjects with a diagnosis of asthma.

OMNI = Children’s OMNI scale of perceived exertion. VO,-peak = Maximum VO, detected during the CPT. ABW = actual body weight in kg. IBW =ideal body weight in kg
[male: 50+(2.3 x(height in inches - 60)); female: 45+(2.3 x(height in inches - 60))]. VCO, = Maximum VCO, detected during the CPT. RER = Respiratory Exchange Ratio.
Ve = Maximum minute ventilation detected during the CPT. Between-group comparison of means based on the Welch’s modified version of the Students t-test. Data are
presented as Mean = SD.

*Mean * standard deviation,

fUnadjusted p value,

*Bonferroni adjusted p value assuming 3 hypothesis tests.

doi:10.1371/journal.pone.0061022.t003

PLOS ONE | www.plosone.org 3 April 2013 | Volume 8 | Issue 4 | e61022



controls, but there was no significant difference between the OB-
CTL and OB-Asthma subjects (Table 3). Maximum oxygen
consumption normalized with actual body weight (VOg-Peak/
ABW) was significantly lower in the OB-CTL and OB-Asthma
subjects as compared to the controls, but no significant difference
in the VOy-Peak/ABW was detected between the OB-CTL and
OB-Asthma subjects (Table 3, Figure 1A). VOg-Peak normalized
for ideal body weight (VOgy-Peak/IBW) was not significantly
different among the three groups (Table 3, Figure 1B). The Oq
pulse and the maximum VCOy (VCOs-Peak) were not signifi-
cantly different among all groups in adjusted comparison (Table 3,
and online Figure 1).

Pulmonary capacities
The OB-Asthma subjects demonstrated higher levels of Vf, at
the peak of exercise; however, these differences were not
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Figure 1. Exercise physiology of O, Uptake. Panel A: Maximum
VO, (VO,-Peak/ABW) normalized with actual individual weight in kg.
Panel B: Maximum VO, (VO,-Peak/IBW) normalized with individual ideal
body weight in kg. CTL=healthy normal weight subjects. OB-
CTL=obese subjects without a diagnosis of asthma. OB-Asthma = ob-
ese subjects with a diagnosis of asthma. N=10 in each group. n.s.
indicates p value not significant. ¥ unadjusted p value significant,
Bonferroni adjusted p value assuming 3 hypothesis tests significant.
doi:10.1371/journal.pone.0061022.9001
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statistically different as compared to the controls and OB-CTL
subjects (Table 3, Figure 2A). Pulmonary reserve fell below 30% in
a comparable number of subjects in each group: two among the
controls, two among the OB-CTL, and three among the OB-
Asthma (underlined in Table 4). Averages of the %PR among the
three groups were not statistically different (Table 3, Figure 2B).
The results suggest that only three out of ten OB-Asthma children
were restricted by pulmonary capacity, while the same was true for
two of the ten in the OB-CTL group. Spirometry was performed
before and after exercise, and relative changes in the FEV1 from
the values pre to post exercise were calculated. The changes in
FEV1 were not significantly different among three groups
(Figure 3). Two among the controls, three among the OB-CTL,
and three among the OB-Asthma experienced greater than 12%
relative reduction in FEV1 after exercise (data points below the
thick dotted line in Figure 3).

eNOQ, total serum IgE, and pulmonary capacity at exercise

In order to assess the relationship between pulmonary capacity
at the peak of exercise and markers related to inflammation, values
for %PR were reviewed with corresponding eNO and IgE in each
patient (Table 4). Based on previously published observations
[30,31,35,36,37], levels of eNO greater than 25 ppb were
considered abnormal, and subjects with eNO greater than
25 ppb were marked together with Vi and %PR (bold and
underlined in Table 4). Levels of eNO were elevated in one
control, two OB-CTL, and three OB-Asthma subjects. Two of the
three OB-Asthma subjects with elevated levels of eNO had %PR
less than 30%. None of the controls or OB-CTL subjects with
elevated levels of eNO had %PR less than 30%. Based on usual
clinical reference values, levels of total serum IgE greater than
150 IU/mL were considered abnormal, and subjects with IgE
greater than 150 IU/mL were marked together with %PR (bold
and underlined in Table 4). Three controls, three OB-CTL, and
six OB-Asthma subjects demonstrated levels of IgE greater than
150 IU/mL. Three of the six OB-Asthma subjects with IgE
greater than 150 IU/mL had %PR less than 30% (25%, 25%, and
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Figure 2. Pulmonary Physiology. Panel A: VE=maximum minute
ventilation achieved and measured by continuous spirometry circuit
during the exercise. Panel B: Pulmonary Reserve = percentage of unused
MVV at the peak of exercise by a formula [%PR=(1—Vg-Peak/
MWV) x100]. CTL=healthy normal weight subjects. OB-CTL=obese
subjects without a diagnosis of asthma. OB-Asthma=obese subjects
with a diagnosis of asthma. N=10 in each group. n.s. indicates p value
not significant. T unadjusted p value significant,  Bonferroni adjusted
p value assuming 3 hypothesis tests significant.
doi:10.1371/journal.pone.0061022.9g002
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29%). None of the controls or OB-CTL subjects with elevated IgE
had %PR less than 30%.

Discussion

Investigation of cardiopulmonary exercise response among
obese adolescents found major differences from non-obese controls
but no significant differences between those with or without a
history of physician-diagnosed asthma. Only a minority of subjects
had evidence of respiratory compromise and such individuals were
present in all groups. We anticipated that obese children with a
diagnosis of asthma would be significantly limited by respiratory
abnormalities. Our results suggest that the connection between the
activity intolerance and respiratory limitations due to a history of
asthma diagnosis was weak in our subjects. Therefore, we believe
that breathlessness on exercise should not be taken on its own as
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Table 4. Comparison of Vg, %PR, eNO, and IgE results.
PAR Met

Group Study ID  FEV,/FVC %FEV, %FVC Rate OMNI Ve %PR eNO IgE
CTL 1 0.89 106 102 50.5 10 114.6 40.68 8 741

2 0.87 89 94 1023 5 48.6 61.55 9.3 28.6

4 0.83 87 96 88.7 7 745 2837 235 60.4

5 0.83 74 81 69.2 6 336 48.78 25.6 299

6 0.89 82 84 62.1 8 385 48.80 12 9.2

7 0.69 83 110 1139 9 827 26.94 9 4.78

8 0.88 105 107 40.6 8 436 59.78 5.8 264

9 0.94 29 100 529 10 65 57.01 18 8.48

10 0.85 106 117 47.6 5 66.6 38.56 18 634

11 0.85 123 130 61.7 9 67.2 57.03 6.7 27
OB-CTL 14 0.85 84 88 68.9 8 76.8 Bﬂ 22 317

15 0.81 98 112 52.0 10 71.8 38.53 41 445

18 0.72 83 106 47.2 7 87.5 24.05 10 101

19 0.90 100 106 427 9 39.7 68.29 14 125

27 0.88 87 89 86.1 8 63.8 44.81 9 359

29 0.89 101 103 43.2 10 58.9 40.86 1 624

30 0.87 88 91 485 8 67.1 47.90 10 19.8

32 0.75 100 120 43.8 2 63 44.15 11 27.8

33 0.96 116 109 60.2 4 47.8 62.30 58 182

35 0.70 92 121 46.9 6 47.8 47.59 24 103
OB-Asthma 13 0.78 80 97 54.2 10 65.3 36.48 24 858

16 0.78 83 91 484 8 97 32.64 20 9.41

17 0.92 105 109 484 6 61.4 56.27 1 81.5

20 0.84 68 75 63.9 7 60.8 41.31 55 355

21 0.83 88 97 76.1 6 754 33.63 23 1370

22 0.60 72 111 81.6 10 74.7 2530 72 182

24 0.88 125 130 53.6 9 53.1 61.52 9 13.1

25 0.72 83 101 50.7 5 86.6 30.61 15 679

26 0.70 104 131 59.7 9 124.6 29.84 m 793

31 0.83 82 88 66.0 7 91 25.90 20 157
CTL = healthy normal weight subjects. OB-CTL = obese subjects without a diagnosis of asthma. OB-Asthma = obese subjects with a diagnosis of asthma. FEV; =Forced
Expiratory Volume 1 second. FVC = Functional Vital Capacity. %FEV, = Percent predicted FEV,. %FVC = Percent predicted FVC. PAR Met Rate = Calculated metabolic rate
based on recall of previous 24 hour activity (kcal/kg/min). OMNI = Children’s OMNI scale of perceived exertion. Vg = Maximum minute ventilation detected during the
CPT. %PR = Percent pulmonary reserve. eNO = exhaled nitric oxide (ppb). IgE =Immunoglobulin E (IU/mL). Subjects with eNO greater than 25 ppb and or IgE greater
than 150 IU/mL are highlighted with underline and bold font. Subjects with %PR less than 30% are highlighted with underline font.
doi:10.1371/journal.pone.0061022.t004

evidence of asthma in obese children. The implications as far as
management is concerned, however, are more complex than
currently appreciated in clinical practice.

Although it is easy to argue that the obese adolescents in our
study did not have asthma, we would counter that this is exactly
the point. Much of the evidence about an association between
asthma and obesity has been based on physician diagnosis or
statements such as “asthma was diagnosed using guideline based
criteria.” [15,16,17,18] A recent population based study of 17,000
children reported a significant increase of asthma among obese
and morbidly obese children. In that study, asthma was defined as
following; Asthma status (yes/no) was determined by the parent-
completed item, “Did a doctor ever say that (child’s name) had
asthma?” [4] Where patients have been studied in detail, there
exists an increasing body of evidence that obese subjects with a
diagnosis of asthma are phenotypically different; they demonstrate
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Figure 3. Changes in the FEV1 from pre to post CPET. Percentage
changes in FEV1 before and immediately after administering CPET.
Thick dotted line=twelve percent reduction in FEV1. N=10 in each
group. CTL=healthy normal weight subjects. OB-CTL=obese subjects
without a diagnosis of asthma. OB-Asthma=obese subjects with a
diagnosis of asthma. n.s. indicates p value not significant.
doi:10.1371/journal.pone.0061022.9003

less evidence of atopy, lower eNO values, and lower mean
eosinophil counts [15,17,18,19].

The results of the present experiments could be taken as
evidence to support the view that asthma among obese children
represents a different form of the disease [19]. We would question
the evidence that this is an inflammatory condition of the airways
since breathlessness during exercise in the majority of our subjects
was due to cardiopulmonary deconditioning and not to airway
changes. There has been a major increase in asthma among all
groups of children and also in countries where childhood obesity is
much less common than in the United States [2]. In all those
countries, lifestyle changes, including the increase in sedentary
forms of entertainment, have correlated temporally with the
increases in asthma [38,39]. The question is whether the primary
effect of lifestyle on asthma relates to breathing patterns rather
than obesity [40,41]. We believe that breathing patterns, including
full expansion of the lungs [41], obesity, and allergen-induced
inflammation should all be taken into account when considering
the causes of the increase in asthma prevalence [38,42].

It is important to realize that children with severe asthma and
associated inflammation are at risk of becoming obese. In the
present study, some children with reduced pulmonary capacity
during exercise had elevated eNO and/or IgE. However, a
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majority of obese children with a diagnosis of asthma were simply
deconditioned without any cardiopulmonary abnormalities and
had normal levels of eNO and/or IgE. Therefore, we conclude
that all children without a contraindication would benefit from an
exercise prescription to reverse deconditioning which is likely
multi-factorial. It is easy to say that all obese children need an
exercise regimen. However, exercise induced bronchospasm can
be rapid and severe so that these children will need careful
monitoring when they start exercising more vigorously [7,43,44].
What is clear from our results is that that those obese children who
become breathless on exercise and have normal eNO, are non-
atopic, and have normal %PR on exercise, are unlikely to benefit
from a treatment regime that includes anti-inflammatory agents
and restriction of organized sports [20]. Among the twenty obese
teenagers studied here, at least fourteen of the total and seven of
those with a diagnosis of asthma would fall into that group.

In this study, we have taken a systematic approach to evaluating
the underlying etiology of breathlessness among obese adolescents.
This subject is important because of the great number of patients
who are diagnosed with asthma, started on inhaled steroids, and
cautioned against exertion for fear of asthma exacerbations.
Pulmonary function testing and methacholine challenges are
available for the objective measurement of asthma. However,
these tests can be normal in pediatric asthmatics, particularly if
performed at rest. Survey by the PAR suggested that all three
groups of subjects had comparable levels of daily activity and of
calculated metabolic rates. This led us to believe that a diagnostic
study to recreate the subjective breathlessness would be necessary
to better identify the etiology of these children’s breathlessness.
CPET is an unlikely candidate as a routine test. Recruiting
overweight adolescents to participate in a four-hour procedure
involving body fat measurement and exercise to the point of
breathlessness was not easy. However, an exercise evaluation of
some kind may be necessary both to help diagnose patients and to
guide a starting point for an exercise prescription. As an
experimental method, CPET was useful in showing that exercise
based measurement of cardiopulmonary reserve can distinguish
breathlessness during exercise due to deconditioning from
inflamed airways of asthmatics. We paid careful attention to
assessing the subjective severity of breathlessness during exercise so
that the results of CPET can be temporally correlated with the
subjective complaints of breathlessness. These results are not to say
that these diagnoses are exclusive, for deconditioning often
contributes to breathlessness among patients with asthma caused
by inflamed airways.

In conclusion, our results would not change the obvious truth
that obese and overweight children need an exercise regime. Some
of these children may need pulmonary rehabilitation if difficulty
breathing is the perceived reason for not exercising. Based on our
results, we propose that cardiopulmonary deconditioning should
be considered as an important differential diagnosis for breath-
lessness among obese adolescents. In addition, we suggest that all
studies on the relationship between obesity and asthma that are
based on ‘“physician diagnosis,” or even on ‘“guideline-based
diagnosis,” should be evaluated knowing that, in as many as 50%
of the participants with a diagnosis of asthma, breathlessness on
exercise may not reflect a condition of the airways.

Supporting Information

Figure S1 Exercise physiology of O, pulse and CO,
production. Panel A: Maximum Os-Pulse. Panel B: Maximum
VCOy (VCOg-Peak). N=10 in each group. CTL=healthy
normal weight subjects. OB-CTL=obese subjects without a
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diagnosis of asthma. OB-Asthma = obese subjects with a diagnosis
of asthma. n.s. indicates p value not significant. T unadjusted p
value significant, § Bonferroni adjusted p value assuming 3
hypothesis tests significant.

(TIFF)

Table S1 Complete blood counts with leukocyte differ-
ential percentages and cell counts. CTL = healthy normal
weight subjects. OB-CTL = obese subjects without a diagnosis of
asthma. OB-Asthma = obese subjects with a diagnosis of asthma.
Between-group comparison of means based on the Welch’s
modified version of the Students t-test. Data are presented as
Mean=* SD.

DOC)

References

1. Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM (2010) Prevalence
of high body mass index in US children and adolescents, 2007-2008. JAMA
303: 242-249.

2. Eder W, Ege MJ, von Mutius E (2006) The asthma epidemic. N Engl ] Med 355:
2226-2235.

3. Crater DD, Heise S, Perzanowski M, Herbert R, Morse CG, et al. (2001)
Asthma hospitalization trends in Charleston, South Carolina, 1956 to 1997:
twenty-fold increase among black children during a 30-year period. Pediatrics
108: E97.

4. Cottrell L, Neal WA, Ice C, Perez MK, Piedimonte G (2010) Metabolic
abnormalities in children with asthma. Am J Respir Crit Care Med 183: 441—
448.

5. Chinn S, Rona R]J (2001) Can the increase in body mass index explain the rising
trend in asthma in children? Thorax 56: 845-850.

6. Rodriguez MA, Winkleby MA, Ahn D, Sundquist J, Kraemer HC (2002)
Identification of population subgroups of children and adolescents with high
asthma prevalence: findings from the Third National Health and Nutrition
Examination Survey. Arch Pediatr Adolesc Med 156: 269-275.

7. Hallstrand TS, Bates PW, Schoene RB (2000) Acrobic conditioning in mild
asthma decreases the hyperpnea of exercise and improves exercise and
ventilatory capacity. Chest 118: 1460-1469.

8. Sont JK, Booms P, Bel EH, Vandenbroucke JP, Sterk PJ (1995) The severity of
breathlessness during challenges with inhaled methacholine and hypertonic
saline in atopic asthmatic subjects. The relationship with deep breath-induced
bronchodilation. Am J Respir Crit Care Med 152: 38-44.

9. Rosi E, Stendardi L, Binazzi B, Scano G (2006) Perception of airway obstruction
and airway inflammation in asthma: a review. Lung 184: 251-258.

10. Aaron SD, Vandemheen KL, Boulet LP, Mclvor RA, Fitzgerald JM, et al.
(2008) Overdiagnosis of asthma in obese and nonobese adults. CMAJ 179:
1121-1131.

11. Scott S, Currie J, Albert P, Calverley P, Wilding JP (2011) Risk of Misdiagnosis,
Health-Related Quality of Life, and BMI in Patients Who Are Overweight With
Doctor-Diagnosed Asthma. Chest 141: 616-624.

12. Teodorescu M, Polomis DA, Hall SV, Teodorescu MC, Gangnon RE, et al.
(2010) Association of obstructive sleep apnea risk with asthma control in adults.
Chest 138: 543-550.

13. Tilles SA (2010) Exercise-induced respiratory symptoms: an epidemic among
adolescents. Ann Allergy Asthma Immunol 104: 361-367; quiz 368-370, 412.

14. Holbrook JT, Wise RA, Gold BD, Blake K, Brown ED, et al. (2012)
Lansoprazole for children with poorly controlled asthma: a randomized
controlled trial. JAMA 307: 373-381.

15. Mannino DM, Mott J, Ferdinands JM, Camargo CA, Friedman M, et al. (2006)
Boys with high body masses have an increased risk of developing asthma:
findings from the National Longitudinal Survey of Youth (NLSY). Int J Obes
(Lond) 30: 6-13.

16. Gilliland FD, Berhane K, Islam T, McConnell R, Gauderman W], et al. (2003)
Obesity and the risk of newly diagnosed asthma in school-age children.
Am ] Epidemiol 158: 406-415.

17. Chen Y, Dales R, Jiang Y (2006) The association between obesity and asthma is
stronger in nonallergic than allergic adults. Chest 130: 890-895.

18. Berg CM, Thelle DS, Rosengren A, Lissner L, Toren K, et al. (2011) Decreased
fraction of exhaled nitric oxide in obese subjects with asthma symptoms: data
from the population study INTERGENE/ADONIX. Chest 139: 1109-1116.

19. Rastogi D, Canfield SM, Andrade A, Isasi CR, Hall CB, et al. (2011) Obesity-
associated asthma in children- a distinct entity. Chest.

20. Schachter LM, Salome CM, Peat JK, Woolcock AJ (2001) Obesity is a risk for
asthma and wheeze but not airway hyperresponsiveness. Thorax 56: 4-8.

21. Joyner BL, Fiorino EK, Matta-Arroyo E, Needleman JP (2006) Cardiopulmo-
nary exercise testing in children and adolescents with asthma who report
symptoms of exercise-induced bronchoconstriction. J Asthma 43: 675-678.

22. Wasserman K, Whipp BJ (1975) Excercise physiology in health and disease. Am
Rev Respir Dis 112: 219-249.

PLOS ONE | www.plosone.org

Breathlessness in Obese Adolescent Asthmatics

Text S1 More detailed description of method related to
subject recruitment with detailed inclusion and exclu-
sion criteria, protocol for CPET, exhaled NO and IgE
measurement, and statistical analysis.

(DOCX)

Author Contributions

Conceived and designed the experiments: YMS TAP. Performed the
experiments: YMS AB SL RCH JW JTP ALW TAP. Analyzed the data:
YMS JTP ALW TAP. Contributed reagents/materials/analysis tools:
YMS JTP ALW TAP. Wrote the paper: YMS JTP TAP.

23. Johnson BD, Weisman IM, Zeballos R], Beck KC (1999) Emerging concepts in
the evaluation of ventilatory limitation during exercise: the exercise tidal flow-
volume loop. Chest 116: 488-503.

24. Barlow SE (2007) Expert committee recommendations regarding the prevention,
assessment, and treatment of child and adolescent overweight and obesity:
summary report. Pediatrics 120 Suppl 4: S164-192.

25. Iribarren C, Darbinian JA, Lo JC, Fireman BH, Go AS (2006) Value of the
sagittal abdominal diameter in coronary heart disease risk assessment: cohort
study in a large, multiethnic population. Am J Epidemiol 164: 1150-1159.

26. Petersson H, Daryani A, Riserus U (2007) Sagittal abdominal diameter as a
marker of inflammation and insulin resistance among immigrant women from
the Middle East and native Swedish women: a cross-sectional study. Cardiovasc
Diabetol 6: 10.

27. Dempster P, Aitkens S (1995) A new air displacement method for the
determination of human body composition. Med Sci Sports Exerc 27: 1692-1697.

28. Weston AT, Petosa R, Pate RR (1997) Validation of an instrument for
measurement of physical activity in youth. Medicine and science in sports and
exercise 29: 138-143.

29. Peters EJ, Hatley TK, Crater SE, Phillips CD, Platts-Mills TA, et al. (2003)
Sinus computed tomography scan and markers of inflammation in vocal cord
dysfunction and asthma. Ann Allergy Asthma Immunol 90: 316-322.

30. Crater SE, Peters EJ, Martin ML, Murphy AW, Platts-Mills TA (1999) Expired
nitric oxide and airway obstruction in asthma patients with an acute
exacerbation. Am J Respir Crit Care Med 159: 806-811.

31. Commins SP, Kelly LA, Ronmark E, James HR, Pochan SL, et al. (2012)
Galactose-alpha-1,3-Galactose-Specific IgE Is Associated with Anaphylaxis but
Not Asthma. Am J Respir Crit Care Med 185: 723-730.

32. Hanson P (1984) Clinical exercise training. In: Strauss R, editor. Sports
Medicine. Philadelphia, PA: W.B. Saunders Company. pp. 13-40.

33. Utter AC, Robertson R], Nieman DC, Kang J (2002) Children’s OMNI Scale of
Perceived Exertion: walking/running evaluation. Medicine and science in sports
and exercise 34: 139-144.

34. Wasserman K, Hansen JE, Sue DY, Casaburi R, Whipp BJ (1999) Physiology of
exercise. In: Weingberg R, editor. Principals of Exercise Testing and
Interpretation. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins. pp.
10-59.

35. Sakai T, Sugiyama N, Hirai K, Muramatsu R, Hagiwara S, et al. (2010)
Consistently high levels of exhaled nitric oxide in children with asthma. Pediatr
Int 52: 801-805.

36. Puckett JL, Taylor RW, Leu SY, Guijon OL, Aledia AS, et al. (2010) Clinical
patterns in asthma based on proximal and distal airway nitric oxide categories.
Respir Res 11: 47.

37. Perez-de-Llano LA, Carballada F, Castro Anon O, Pizarro M, Golpe R, et al.
(2010) Exhaled nitric oxide predicts control in patients with difficult-to-treat
asthma. Eur Respir J 35: 1221-1227.

38. Platts-Mills T, Sporik R, Chapman M, Heymann P (1997) The role of domestic
allergens. The rising trends in Asthma Ciba Foundation Symp 1997: 173-189.

39. Crater SE, Platts-Mills TA (1998) Searching for the cause of the increase in
asthma. Curr Opin Pediatr 10: 594-599.

40. Fredberg JJ (1998) Airway smooth muscle in asthma: flirting with disaster. Eur
Respir J 12: 1252-1256.

41. Hark WT, Thompson WM, McLaughlin TE, Wheatley LM, Platts-Mills TA
(2005) Spontaneous sigh rates during sedentary activity: watching television vs
reading. Ann Allergy Asthma Immunol 94: 247-250.

42. Platts-Mills TA, Woodfolk JA (2011) Allergens and their role in the allergic
immune response. Immunol Rev 242: 51-68.

43. Samee S, Altes T, Powers P, de Lange EE, Knight-Scott J, et al. (2003) Imaging
the lungs in asthmatic patients by using hyperpolarized helium-3 magnetic
resonance: assessment of response to methacholine and exercise challenge.
J Allergy Clin Immunol 111: 1205-1211.

44. Carlsten C, Aitken ML, Hallstrand TS (2007) Safety of sputum induction with
hypertonic saline solution in exercise-induced bronchoconstriction. Chest 131:

1339-1344.

April 2013 | Volume 8 | Issue 4 | e61022



