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Abstract

The current cut-off value for diagnosing exercise-induced bronchoconstriction (EIB) in
adults—percent fall in FEV, (AFEV,) > 10% after exercise challenge test (ECT)—has low
specificity and weak evidences. Therefore, this study aimed to identify the cut-off value for
EIB that provides the highest diagnostic sensitivity and specificity. Participants who under-
went the ECT between 2007 and 2018 were categorized according to AFEV: definite EIB
(AFEV{ > 15%), borderline (10% < AFEV, < 15%), and normal (AFEV < 10%). Distinct
characteristics of the definite EIB group were identified and explored in the borderline EIB
group. A receiver operating characteristic curve was plotted to determine the optimal cut-off
value. Of 128 patients, 60 were grouped as the definite EIB group, 23 as the borderline
group, and 45 as the normal group. All participants were men, with a median age of 20 years
(interquartile range [IQR:] 19-23 years). The definite EIB group exhibited wheezing on aus-
cultation (P<0.001), AFEV4/FVC > 10% (P < 0.001), and AFEF5_75+, > 25% (P < 0.001)
compared to other groups. Eight (8/23, 34.8%) patients in the borderline group had at least
one of these features, but the trend was more similar to that of the normal group than the
definite EIB group. A cut-off value of AFEV; > 13.5% had a sensitivity of 98.5% and specific-
ity of 93.5% for EIB. Wheezing on auscultation, AFEV/FVC > 10%, and AFEF>5_750, >
25% after ECT may be useful for the diagnosis of EIB, particularly in individuals with a
AFEV, of 10-15%. For EIB, a higher cut-off value, possibly AFEV, > 13.5%, should be con-
sidered as the diagnostic criterion.

Introduction

Exercise-induced bronchoconstriction (EIB) is a transient narrowing of the lower airway dur-
ing or after exercise [1-3]. Dyspnea and cough during physical activity are the classic symp-
toms of EIB; however, they have low sensitivity and specificity for predicting EIB [4-6]. EIB is
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diagnosed when lung function declines after an exercise challenge test (ECT). The difference
between the lowest FEV value pre- and post-exercise, given as a percentage of the pre-exercise
value obtained within 30 min after activity, is referred to as a percent fall in FEV, (AFEV)) [4,
7]. The American Thoracic Society (ATS) suggests a post-exercise AFEV; > 10% to detect EIB,
based on the results of AFEV; in normal healthy participants without a family history of
asthma, atopy, or recent upper respiratory tract infection [4]. However, supporting data comes
from studies including children [8, 9] or a study involving both children and adults [10].
Although EIB is most commonly reported in schoolchildren, it also affects young adults,
including athletes and military recruits [11, 12].

Compared with the recent guidelines, several other groups have suggested a AFEV; > 13%
or even up to 15% for diagnosing EIB [13-16]. Furthermore, a positive challenge result of
AFEV; > 20% is usually required in clinical trials to evaluate a drug for EIB [17]. These various
criteria have resulted in a wide range of prevalence estimates for EIB and over-diagnosis of
EIB [8, 18]. A lower cut-off value of AFEV, such as suggested in the current guidelines, will
increase the diagnostic sensitivity for EIB but at the expense of accuracy. Patients may be con-
sidered to have EIB even when they are clinically unaffected and do not require therapy. A pre-
cise diagnosis of EIB is required to identify acceptable levels of physical activity throughout life
and reduce the potential impact of the disease on respiratory health. Therefore, in this study,
we aimed to determine a cut-off value of AFEV; with high diagnostic sensitivity and specificity
for EIB by identifying and integrating the distinct features of airway obstruction.

Material and methods
Patients

This retrospective study was performed at Samsung Medical Center (a 1,997-bed tertiary refer-
ral hospital in Seoul, South Korea). Participants who underwent ECT due to current (< 1
month) experience of dyspnea on exertion between 2007 and 2018 were included and divided
into three groups according to the AFEV, value after the ECT: the definite EIB (AFEV, >
15%), borderline EIB (10% < AFEV; < 15%), and normal (AFEV; < 10%) groups. Indicators
of airway obstruction were identified in the definite EIB group by comparing with the other
two groups, and these features were further investigated in the borderline EIB group. Data
were retrieved from electronic medical records, including clinical variables and laboratory test
results. The institutional review board of Samsung Medical Center approved this study (IRB
no. 2019-03-041-002) and waived the requirement for informed consent owing to its retro-
spective nature.

Exercise challenge test and measurements

Under the supervision of allergists, the ECT was performed according to the ATS standards
[4], using a motor-driven treadmill with adjustable speed and grade in a dry air-conditioned
room at 20 °C to 25 "C (< 15% relative humidity) at the specialized center for allergy. On the
day of ECT, all patients were first assessed by the allergists before the challenge for any respira-
tory symptoms, and those with normal lung sounds on auscultation underwent ECT. After the
ECT, localized lung sounds were not considered wheezing as they could also indicate central
airway obstruction. The participants were instructed not to perform any rigorous physical
activity or use short-acting f3,-agonists for 24 hours before ECT. Spirometry was measured
using a Vmax 22 instrument (SensorMedics, Yorba Linda, CA, USA) at baseline and after ECT
(5, 10, 15, and 30 min after exercise), according to ATS/European Respiratory Society stan-
dards [19]. Absolute values were obtained, with the percent predicted (%pred) values of forced
vital capacity (FVC), FEV,, FEV,/FVC, and FEF,5_;ss,) calculated using data obtained from a
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representative Korean sample [20]. The best value with an appropriately performed flow-vol-
ume curve was chosen for the analysis.

To assess bronchial hyperresponsiveness (BHR) independently, a methacholine provoca-
tion test was performed on a day other than the day of the ECT [21, 22]. A positive test was
defined as a concentration of methacholine less than 16 mg/mL that caused a 20% decrease in
FEV1 (provocative concentration 20, PC20). PCy, levels between 4.0 and 16 mg/mL were con-
sidered borderline BHR, PC, levels between 1.0 and 4.0 mg/mL were considered mild BHR,
and PCy levels below 1.0 mg/mL were considered moderate to severe BHR. The induced spu-
tum, fraction of exhaled nitric oxide (FeNO), and skin prick tests were performed at the discre-
tion of the attending allergist [23]. FeNO was measured using an NO analyzer (NIOX MINO;
Aerocrine AB, Solna, Sweden) or NObreath (Bedfont Scientific, Maidstone, UK), according to
the ATS guidelines.

Statistical analysis

The categorical variables were presented as numbers (percentages), and the continuous vari-
ables were presented as median (interquartile range [IQR]). The categorical variables were
compared using the Pearson x” test or Fisher’s exact test, and the Kruskal-Wallis test (the non-
parametric equivalent of one-way analysis of variance [ANOVA]) was used to compare the dif-
ferences among the groups for continuous variables. P-values for pairwise group comparisons
were obtained using a post-hoc Bonferroni test. Receiver operating characteristic (ROC) curves
were plotted to obtain the optimal cut-off values of AFEV in determining EIB that yielded
maximal sensitivity plus specificity. Statistical significance was defined as a two-sided P-value
of < 0.05. All statistical analyses were performed using Statistical Analysis System (SAS) (ver-
sion 9.4; SAS Institute, Inc., Cary, NC, USA) and R software (version 3.5.1; R Development
Core Team, Vienna, Austria).

Results
Baseline characteristics

Baseline characteristics of the 128 patients included in this study are shown in Table 1. The
definite EIB group included 60 patients, borderline EIB group included 23, and normal group
included 45. All patients were men, with a median age of 20 years (IQR: 19-23 years). Of 128
patients, 90 (70.3%) were never-smokers, while 38 (29.7%) had a smoking history; 33 (25.8%)
were current smokers and 5 (3.9%) were ex-smokers. Concurrent asthma was identified in 59
(98.3%) of the EIB group compared with 16 (69.6%) in the borderline group and 16 (35.6%) in
the normal group (P < 0.001). The definite EIB group had the lowest baseline FEV value of
92% (P =0.038) and FEV;/FVC value of 81% (P < 0.001). The FVC values were not statistically
different between the groups. FEF,s 759, values were different between the groups, both in L
and %pred values (P = 0.001 for FEF,5 750, L/s, and P < 0.001 for FEF,s 754, %pred, respec-
tively). The definite EIB group had the lowest FEF,5_;5¢, value compared with those in the bor-
derline EIB or normal group. There was more patients in the definite EIB group with FEF,5_
750 <80% or FEF,5_ 754, <60% than borderline or normal group, but without statistical signifi-
cance (P = 0.178 for FEF,5 59, < 80% and P = 0.311 for FEF,5 54, < 60%, respectively). Posi-
tive methacholine provocation test results were common in the definite EIB group (81.7% for
the definite EIB, 69.6% for the borderline EIB, and 26.7% for the normal, P < 0.001). The defi-
nite EIB group had a higher proportion of moderate-to-severe BHR than the other groups
(P < 0.001) (Fig 1).

A skin prick test was performed on 116 patients, and the patients in the definite EIB group
showed the highest positive test results (98.2%, P = 0.006). The normal group had the lowest
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Table 1. Baseline characteristics of the study population.

Normal® (n = 45) Borderline® (n = 23) Definite EIB* (n = 60) P-value
Age, years 20 (19-23) 19 (18-21) 20 (19-22) 0.426
BMI (kg/m?) 23.4 (20.9-25.0) 21.8 (20.1-25.6) 24.3 (21.4-27.7) 0.085
Smoking history <0.001°¢
Never smoker 41 (91.1) 21(91.3) 28 (46.7)
Ever-smoked 4(8.9) 2(8.7) 32 (53.3)
Concurrent asthma 16 (35.6) 16 (69.6) 59 (98.3) <0.001>4
Baseline spirometry results
FEV,, L 4.00 (3.62-4.26) 3.86 (3.53-4.20) 3.79 (3.48-4.23) 0.375
FEV, %pred 97 (90-108) 98 (91-108) 92 (85-102) 0.038¢
FVC,L 4,60 (4.31-5.00) 4.71 (4.02-5.05) 4.73 (4.41-5.15) 0.397
FVC, %pred 94 (87-99) 91 (81-102) 95 (89-101) 0.480
FEV,/FVC 86 (79-91) 85 (79-93) 81 (75-85) <0.001¢
FEF,s_ 750, L/s 4.28 (3.29-5.17) 4.37 (3.19-4.91) 3.58 (3.10-4.12) 0.003¢
FEF,5_ysy, %pred 96 (74-114) 89 (71-104) 80 (66-86) <0.001¢
Methacholine provocation test 12 (26.7) 16 (69.6) 49 (81.7) <0.001>¢
PC20 < 1 mg/ml 0(0.0) 3(13.0) 16 (26.7)
PC20 1-4 mg/ml 3(6.7) 3(13.0) 16 (26.7)
PC20 4-16 mg/ml 9 (20.0) 9(39.1) 18 (30.0)
Laboratory results
Skin prick test (+) (n = 116) 30 (79.0) 20 (87.0) 54 (98.2) 0.006¢
Total immunoglobulin E (kU/L) (n = 95) 150 (91-451) 494 (250-865) 329 (229-653) 0.011
Blood eosinophils (/uL) (n = 115) 213 (119-278) 371 (208-556) 324 (249-550) <0.001
Sputum eosinophils (%) (n = 72) 3.3 (0-5.0) 4.0 (1.3-6.7) 4.0 (1.7-15.7) 0.076
> 3% 12 (54.6) 9 (64.3) 23 (63.9) 0.750
FeNO (ppb) (n = 38) 62 (40-76) 65 (38-139) 70 (41-129) 0.734
Positive (> 50 ppb) 9 (64.3) 2 (50.0) 14 (70.0) 0.792

*Normal (AFEV1 < 10%), borderline EIB (10% < AFEV1 < 15%), and definite EIB groups (AFEV1 > 15%).

PP < 0.05 with Bonferroni correction between the normal and borderline groups.
P < 0.05, with Bonferroni correction between the borderline and definite EIB groups.

4p < 0.05, with Bonferroni correction between the normal and definite EIB groups.

https://doi.org/10.1371/journal.pone.0268969.t001

peripheral blood eosinophil counts (213/uL, P = 0.001). Sputum eosinophils and FeNO levels
were the lowest in the normal group among the three groups, but the difference was not statis-

tically significant.

Identification of the indicators of airway obstruction

Table 2 summarizes the changes in symptoms and pulmonary function test results after the
ECT. Wheezing was auscultated in 50 (83.3%) patients in the definite EIB group, three (13.0%)
in the borderline EIB group, and none in the normal group (P < 0.001). The definite EIB
group (14.9%; IQR: 8.3-20.3%) had the greatest change in FEV,/FVC (AFEV,/FVC) before
and after the ECT, followed by the borderline EIB group (3.2%; IQR: —1.5 to 8.7%) and the
normal group (0.01%; IQR: 2.5 to 2.5%) (P < 0.001). In the definite EIB group, 43 (71.7%)
patients had AFEV/FVC of more than 10%. The median AFEF,5_;54, was also higher in the
definite EIB group (43.0%; IQR: 30.0-55.4%) than in the borderline EIB group (12.8%; IQR:
7.3-27.4%) or normal group (8.2%; IQR: 1.1-11.7%) (P < 0.001). In the definite EIB group, 20
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Fig 1. Proportion of patients according to the methacholine provocation test results.
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https://doi.org/10.1371/journal.pone.0268969.9001

Table 2. Changes in symptoms and pulmonary function test results after ECT.

Normal® (n = 45) Borderline® (n = 23) Definite EIB* (n = 60) P-value

Symptoms after ECT
Wheezing 0(0.0) 3(13.0) 50 (83.3) <0.001¢ ¢
Cough 2(4.4) 1(4.3) 5(8.3) 0.889

AFEV,/EVC (L) 0.01 (=2.5 to 2.5) 3.21(-1.5t08.7) 14.9 (8.3-20.3) <0.001° ¢

AFEV,/FVC > 10% 0(0.0) 4(17.4) 43 (71.7) <0.001¢ ¢

AFEF,5_750, (L/s) 8.2 (1.1-11.7) 12.8 (7.3-27.4) 43.0 (30.0-55.4) <0.001% ¢
0-25% 45 (100.0) 16 (69.6) 5(8.3) <0.001% ¢
25-50% 0(0.0) 7 (30.4) 35 (58.3)
> 50% 0(0.0) 0(0.0) 20 (33.3)

Time to lowest FEV; (min) 10 (5-10) 7.5 (5-10) 10 (5-13) 0.601
0-5 10 (22.2) 2(8.7) 2(3.3) 0.017
5-10 10 (22.2) 10 (43.5) 24 (40.0)

10-15 10 (22.2) 6(26.1) 22 (36.7)
> 15 or no decline 15 (33.3) 5(21.7) 12 (20.0)

*Normal (AFEV1 < 10%), borderline EIB (10% < AFEV1 < 15%), and definite EIB groups (AFEV1 > 15%).

PP < 0.05 with Bonferroni correction between the normal and borderline groups.

P < 0.05, with Bonferroni correction between the borderline and definite EIB groups.

4P < 0.05, with Bonferroni correction between the normal and definite EIB groups.

https:/doi.org/10.1371/journal.pone.0268969.t002
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(a) Wheezing after exercise (b) AFEF, ., (c) AFEV:/FVC
<0.001 <0.001 <0.001
' <0001 <011 ' ' ' '
r 1 r

<0.001 0.001 <0.001 0.03
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13.0%
3339 |30:4%
83.3%
100% _—
87.0% 8365
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28.3%
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Wheezing (-) Bl AFEF,,, <25% AFEV./FVC <10

E: Definite EIB group (AFEV: 2 15%), B: Borderline group (AFEV: 10-15%), N: Normal group (AFEV: < 10%)
Fig 2. Distinct characteristics of the definite EIB group compared with the borderline EIB and normal groups.
https://doi.org/10.1371/journal.pone.0268969.9002

(33.3%) had a AFEF,5_;5¢, > 50%, whereas all patients in the normal group had AFEF,s_;s9,

less than < 25%. Auscultated wheezing, AFEV/FVC > 10%, and AFEF,s 754, > 25% after the

ECT were distinct characteristics of the definite EIB group. Overall, the characteristics of the
borderline EIB group were similar to those of the normal EIB group (Fig 2).

Optimal cut-off value for EIB

The distinct variables of the definite EIB group were further investigated in the borderline EIB
group. In eight patients (8/23, 34.8%) in the borderline EIB group, at least one of these vari-
ables was identified, and all of them had a AFEF,5_5¢, > 25%; moreover, six (75.0%) of them
had either wheezing on auscultation or AFEV1/FVC > 10% (Table 3).

The ROC curve showed that the AFEV; > 10% as a cut-off value of EIB had an accuracy of
0.87 and 0.94 for AFEV, > 15% (AUC = 0.91; 95% CI: 0.85-0.96) (Fig 3). A AFEV cut-off
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Table 3. Indicators of airway obstruction in the borderline group (n = 23).

Patient no. Baseline PFT AFEV1(%) Symptom after ECT PFT after ECT
FEV, FVC Wheezing Cough AFEF,5 7500 > 25% AFEV,/EVC > 10%
1 4.52 5.46 14.7 - - + +
2 2.47 3.34 14.6 + + + -
3 3.53 4.45 14.5 - - + +
4 3.84 4.21 14.4 - - +
5 3.25 4.79 14.2 - - + -
6 4.10 4.41 13.9 - - + -
7 4.79 5.05 13.6 + - + -
8 3.84 4.03 13.6 - - - -
9 3.75 3.9 13.6 - - - -
10 3.59 3.84 12.9 - - - -
11 3.86 5.22 12.7 + . + +
12 3.88 4.02 11.6 - - - -
13 4.07 4.71 11.5 - - - -
14 4.15 4.71 10.9 - - - -
15 3.50 3.94 10.9 - - - -
16 4.11 4.42 10.8 - - - -
17 3.81 5.02 10.8 - - - -
18 4.89 5.84 10.8 - - - -
19 4.63 5.79 10.6 - - - -
20 4.20 4.94 10.5 - - - -
21 2.87 3.51 10.2 - - - -
22 3.30 4.72 10.0 - - - -
23 4.28 5.16 10.0 - - - -
The line divides the borderline group into two groups according to a 13.5% maximal fall in FEV;.
https://doi.org/10.1371/journal.pone.0268969.t003
ROC Curves for Comparisons
1.00 A
0.75 A
Cut-off _ e
value Accuracy Sensitivity Specificity
050 1 15% 0.938 89.4% 98.4%
0.25 - 13.5% 0.961 98.5% 93.5%
10% 0.867 100.0% 72.6%
0.00 -
O.I(JO 0.I25 0.;50 0.I75 1.(I)0
1 - Specificity
ROC Curve (Area)
= = = = Model (0.989) Reference (0.500)
Fig 3. ROC curve, accuracy, sensitivity, and specificity of the cut-off values.
https://doi.org/10.1371/journal.pone.0268969.9003
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value > 13.5% had an accuracy of 96%, a sensitivity of 98.5%, and a specificity of 93.5%. In
contrast, a AFEV; > 15% had a sensitivity and specificity of 89.4% and 98.4%, and a AFEV; >
10% had a sensitivity and specificity of 100% and 72.6%, respectively.

Discussion

EIB occurs because of acute airway narrowing after exercise. In this study, the characteristics
of airway obstruction were first identified in the definite EIB group (AFEV; > 15%), including
wheezing on auscultation, AFEF,5_7s50, > 25%, and AFEV;/FVC > 10%. These three character-
istics were not identified in the normal group, which is in line with results from earlier
research [24-26]. Of the participants in the borderline EIB group with at least one of these
characteristics, 87.5% had AFEV; > 13.6% and an estimated cut-off value of AFEV; > 13.5%
showed high sensitivity (96.9%) and specificity (96.8%). A more significant and urgent treat-
ment for EIB can be identified using this suggested cut-off.

With a cut-off value of AFEV; > 10%, the sensitivity was 100%, but the relatively low speci-
ficity would lead to a high false-positive rate. In light of the data from the previous studies,
AFEV, > 15% after the ECT leaves no doubt in diagnosing EIB, whereas AFEV; < 10% is com-
monly considered normal, which can exclude EIB. However, there was a gray zone of AFEV,
between 10-15%. Therefore, this group might be classified as either EIB or normal, depending
on the arbitrary cut-off point used. We thoroughly evaluated the borderline EIB group in this
study. Overall, the characteristics of the borderline EIB group were more similar to those of
the normal group than to those of the definite EIB group (Fig 2). Among the patients in the
borderline EIB group who showed at least one of the three characteristics of the definite EIB
group, the AFEV value was more than 13.5% in most of them (7/8, 87.5%). Conversely, the
distinct characteristics of the definite EIB group were not observed in most participants with
AFEV| < 13.6%, except for one patient (Patient No. 11 in Table 3). The patient had AFEV of
12.7% and exhibited all three features of airway obstruction.

Considering the symptoms after the ECT, wheezing on auscultation was notable in the defi-
nite EIB group, occurring in up to 80% patients, while coughing showed no significant statisti-
cal difference. Previous studies have reported that symptoms such as coughing or wheezing
during sports had a lower diagnostic value. In this study, experienced allergists confirmed
wheezing through close examination before and after the ECT, whereas in other studies self-
reported wheezing was used [4-6].

AFEF,5_750, is another distinguishing trait of the definite EIB. FEF,5_;50, assesses airway
flow rates on an FVC segment and represents the initial changes associated with airflow
obstruction in small airways [19, 27]. Therefore, it is more sensitive than FEV for evaluating
EIB [24]. Currently, there is no recommendation on the utility of the percent predicted
value of FEF,5_75¢, and in this manner, we measured the difference of FEF,5_;5¢,. Several
studies have suggested a cut-off value of FEF,5 754, for evaluating small airway disease. Mar-
seglia et al. suggested a cut-off < 80% [28], while Manoharan et al. suggested a stricter cut-
off < 60% to define the presence of small airway disease [29]. In the present study, the bor-
derline EIB group had a substantial decrease in FEF,s ;5,, even without symptoms. The defi-
nite EIB group had a higher proportion of AFEF,s_;s4, > 25% than the borderline EIB or
normal group. These findings are in line with prior research, which showed that a decrease
in FEF,5_;5¢, serves as an early signal of changes related to airflow obstruction in the small
airways [30, 31].

The basal FEV,/FVC value was the lowest in the definite EIB group (definite EIB 81% vs.
borderline 85% vs. normal 86%, P < 0.001) and showed the greatest difference before and after
the ECT in the definite EIB group. More than 70% of the patients in the definite EIB group
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had a AFEV;/FVC > 10%, while this percentage was lower in the borderline EIB and normal
groups (17.4% for the borderline EIB; 0% for the normal, respectively). The FEV;/FVC ratio
has been used to express the degree of airway obstruction in children with asthma; however,
its clinical implication in adults is unknown [32].

Atopic status is an important risk factor for the development of asthma and may contribute
to the development of EIB. Atopic athletes are reported to have a higher risk of EIB than non-
atopic athletes [33]. In a study by Koh et al., EIB-positive and-negative patients with asthma
who underwent methacholine challenge and the degree of atopy between the two groups were
compared [34]. The atopy score and skin reaction to house dust mites (Dermatophagoides pter-
onyssinus) significantly increased in patients with asthma and EIB compared with those with-
out EIB, and the degree of EIB significantly correlated with the atopy score in all participants.

Regarding type 2 inflammation, FeNO and sputum eosinophilia were higher in the definite
EIB group, although the difference was insignificant. FeNO and sputum eosinophilia were not
useful in this population, but they suggest and support the finding that type 2 inflammation is
not significant in mild EIB [35]. FeNO, a marker of type 2 inflammation in the bronchial
mucosa, has a high predictive value for EIB in patients with asthma, but its relationship with
this condition needs to be investigated further [36, 37].

This study had several limitations. First, the ECT was performed only once; two tests may
be required when using exercise to exclude a diagnosis of EIB [4]. However, this suggestion is
based on a criterion for cut-off AFEV1 > 10%. Moreover, even when considering
AFEV1 > 10% as the cut-off, the reproducibility of EIB determined by two separate tests is
high [10]. We also performed a methacholine provocation test on all participants. Indirect
challenges are more specific in reflecting bronchial hyper-responsiveness, and direct chal-
lenges, such as methacholine, are not useful for detecting EIB because they have low sensitivity.
However, the methacholine provocation test showed an excellent negative predictive value
[38] and may have a supplementary role in excluding ECT, although this was not investigated
in this study. Second, because this study was conducted at a single referral center with only
young male patients, selection bias may restrict the generalizability of the major findings. All
participants with dyspnea during or shortly after exercise were included in the study, regard-
less of whether they were athletes or with asthma. This study reflects the real-world.

In conclusion, the characteristics of airway obstruction, such as wheezing on auscultation,
AFEV,/FVC > 10%, and AFEF,5_;54, > 25% after ECT, may be useful for the diagnosis of EIB,
particularly in individuals with a AFEV of 10-15%. For EIB, a higher cut-off value, possibly
AFEV, > 13.5%, should be considered as the diagnostic criterion.
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