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INTRODUCTION

Asthma is a chronic inflammatory airways disease character-
ized by airway obstruction and bronchial airway hyperrespon-
siveness.1 However, pulmonary function tests can be often nor-
mal even in subjects with uncontrolled asthma symptoms. Es-
pecially in the disease early stages, when performing spirome-
try, subjects with asthma can show normal values of forced ex-
piratory volume in 1 second (FEV1), forced vital capacity (FVC) 
and FEV1/FVC ratio associated to reduced values of forced ex-
piratory flow between 25% and 75% of vital capacity (FEF25-75). 
FEF25-75 is generally considered as an approximate measure of 
the distal airways caliber and thus its reduction represents a 
small airways obstruction caused by asthma inflammation.2,3 
Therefore, an isolated impairment of FEF25-75 may be a marker 
of an early reduction of pulmonary function in asthma.4-10 Al-
though there are no recommendations regarding the utility of 
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FEF25-75 (% of the predicted) by the various guidelines,1,11-13 this 
measurement may have a clinical significance in the diagnosis 
and management of asthma. In this regard some studies provide 
evidence that impaired FEF25-75 values might predict airway AHR 
in subjects affected by rhinitis and/or asthma both in children 
and adults.14-19 Furthermore, impaired MEF50 or FEF25-75 values 
may be considered a reliable marker of a positive bronchial re-
versibility after a bronchodilator both in adults and children 
with asthma and/or rhinitis when the baseline spirometry shows 
normal values of FEV1 and FEV1/FVC.7-10,20 In addition, there is 
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Purpose: Our study tried to find a relationship between baseline FEF25-75% and airway hyperresponsiveness (AHR) and whether a greater FEF25-75% im-
pairment may be a marker of a more severe hyperresponsiveness in subjects with normal FEV1 and FEV1/FVC and suggestive asthma symptoms. Be-
sides, we tried to asses a FEF25-75% cut-off value to identify hyper-reactive subjects. Methods: 4,172 subjects (2,042 M; mean age: 38.3±14.9; mean 
FEV1% predicted: 100.5±12.7 and FEV1/FVC: 85.4±6.8) were examined after performing a methacholine (Mch) test. All subjects reported a symptom 
onset within 3 years before the test. Subjects with PD20<400 or >400 µg were arbitrarily considered affected by moderate/severe and borderline AHR, 
respectively. Results: PD20 values were 213 (IQR, 86-557), 340 (IQR, 157-872) and 433 (IQR, 196-1032) µg in subjects with baseline FEF25-75≤50%, FEF25-

75 between 50 and 70% and FEF25-75>70% respectively (P<0.0001). Only in moderate/severe hyper-reactive subjects (excluded borderlines), PD20 was 
lower in the FEF25-75≤50% subgroup than in the 1 with FEF25-75>70%. The hyperreactive subjects percentage, was higher in those with FEF25-75≤50% 
and lower in those with FEF25-75>70% (P<0.0001). FEF25-75<50% (compared to FEF25-75>70%) was a higher AHR risk factor, especially in subjects with 
moderate/severe AHR (OR, 2.18; IQR, 1.41-3.37; P<0.0001). Thresholds yielding the highest combined sensitivity/specificity for FEF25-75% were 75.19 
(area under curve [AUC], 0.653) and 74.95 (AUC, 0.688) in subjects with PD20<2,400 and <400 µg respectively. FEV1, FVC, and FEV1/FVC measured in 
subjects with different FEF25-75≤50%, FEF25-75>50 and ≤70% or FEF25-75>70% levels were similar both in normoreactive and hyperreactive sub-
jects. Conclusions: At asthma onset, reduced baseline FEF25-75 values with normal FEV1 and FEV1/FVC may predict AHR. Detectable predictive cut-off 
values do not exist because even normoreactive subjects can show lower FEF25-75 values. Furthermore, a greater FEF25-75 reduction may be associated to a 
more severe AHR, suggesting a possible FEF25-75 role in the management of asthma when FEV1 and FEV1/FVC are normal.
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evidence that FEF25-75 may be also an asthma severity marker 
especially in subjects with normal FEV1 and FEV1/FVC. In fact, 
several studies have found that FEF25-75 is significantly related 
with bronchial AHR6,16,18,19 and fractional exhaled nitric oxide 
(FENO)10,17,21-24 as well as with an increased asthma severity, a 
systemic use of steroids, and asthma exacerbations.20 However, 
the role of a low FEF25-75 in the context of normal lung function 
in predicting asthma diagnosis and morbidity has not been well 
defined yet.

On the basis of these considerations, the aim of our retrospec-
tive study was to explore in a large cohort of subjects that un-
derwent a Mch challenge test for suggestive asthma symptoms, 
whether there was a relationship between baseline FEF25-75 and 
AHR. In particular, we aimed to evaluate if a greater impairment 
of FEF25-75 may be a marker of a more severe AHR. Another aim 
of our study was to know whether there was a FEF25-75 cut-off 
value to identify subjects affected by AHR.

MATERIALS AND METHODS

Subjects
For this retrospective study, we analysed the results of 4,172 

consecutive Mch challenge tests performed between 2000 and 
2010 in subjects with normal baseline lung function.

All subjects had performed the test because they had reported 
suggestive asthma symptoms (unexplained episodes of cough 
and/or wheezing and/or dyspnea) in order to confirm an asth-
ma diagnosis. All patients showed normal values of FEV1, FVC 
and FEV1/FVC measured at baseline before the Mch test. All se-
lected subjects reported an appearance of symptoms within 3 
years before the Mch test. Subjects who showed respiratory 
symptoms for over 3 years were not considered for this study.

Baseline FEV1, FEV1/FVC, FVC, FEF25-75 and PD20 FEV1 ob-
tained after each bronchoprovocation test were considered for 
the study. Smoking habits, age, sex and BMI were also taken into 
account. Subjects were arbitrarily subdivided into 3 groups on 
the basis of baseline FEF25-75% values with the purpose of evalu-
ating the possible relationship between FEF25-75 on the AHR: 
FEF25-75≤50% or FEF25-75>50 and ≤70% or FEF25-75>70%. 

No subjects were under regular asthma treatment when the 
test was carried out. Subjects who had taken drugs when re-
quired, were asked to avoid taking any medications before the 
test: β2-agonist bronchodilators and inhaled or systemic corti-
costeroids were suspended 24 hours and 3 weeks before the 
test respectively, while antihistamines were interrupted at least 
10 days before the challenge. None of the subjects had suffered 
from airway infections or asthma exacerbations in the four weeks 
prior to the test. The body mass index (BMI) value of 25 was 
used as a cut-off to differentiate normal weight or underweight 
(BMI <25) subjects from those overweight or obese (BMI >25). 
International age and sex specific cut off points for BMI were 
used to subdivide subjects with age <18 years into underweight, 

normal or overweight-obese.25 BMI was calculated by dividing 
the weight in kilograms by the square of height in metres (kg/m2).
The use of the data recorded in each spirometer and the study 
protocol were approved by the local ethical Committees.

Mch bronchoprovocation test
The Mch bronchoprovocation test was performed by using a 

longer dosimeter method not perfectly following guidelines26 
and which has been used in our departments for over 20 years. 
Mch sulphate was supplied by Lofarma (Milan, Italy) and ad-
ministered in aerosol form using an MEFAR MB3 dosimeter 
(output: 9 µL/puff; MEFAR Elettromedicali Brescia, Italy) with 
an MB2 ampoule model. The buffer solution was the first to be 
administered, followed by 40 μg of Mch, increasing the doses 
until PD20 FEV1 was obtained or until the maximum dose of 
Mch was reached. FEV1 was assessed after inhaling 40, 80, 120, 
240, 400, 800, 1,600, and 2,400 or 3,200 µg of cumulative Mch 
doses, respectively. At the end of exhalation, during tidal breath-
ing, patients inhaled Mch slowly and deeply in 5 seconds and 
then they held their breath for 5 further seconds. The interval 
between 2 consecutive steps was 2 minutes. FEV1 was measured 
at 30 and 90 seconds after nebulization. A suitable quality of 
FEV1 was obtained at each step. No more than 2 maneuvers af-
ter each dose were allowed, and the highest FEV1 value was 
taken into account. Since not all patients had used the 3,200 µg 
Mch dose cut-off (see another article of ours for a better expla-
nation)27 AHR was defined by a 20% fall in FEV1 from the refer-
ence value (see below) obtained with a cumulative Mch dose 
<2,400 µg. Subjects who did not achieve a 20% fall in FEV1 with 
a Mch dose of 2,400 μg were regarded as normoreactive.

Subjects with PD20≤400 and PD20>400 µg were arbitrarily 
considered as affected by moderate to severe and borderline 
AHR respectively, with the aim of evaluating the relationship 
between FEF25-75 and AHR in the different levels of its severity. 
We arbitrarily used the 400 µg cut-off with the purpose of iden-
tifying subjects with a higher probability to be asthmatics (i.e. 
those with a PD20< 400 µg).

Lung function was measured with a HP 47120E Pulmonary 
System Desk spirometer (Hewlett Packard, Waltham, -MA, USA). 
FEV1 and FVC were expressed as percentages of the predicted 
values at baseline, whereas FEV1/FVC was reported only as a 
ratio (reference equation: CECA, 1971). PD20 FEV1 was as-
sessed by linear interpolation of the dose-response curves. FEV1 
measured before administering the buffer solution was taken 
as baseline value, while FEV1 measured after the buffer solution 
was used as a reference value to calculate FEV1 fall and thus 
PD20. 

Statistical analysis
Categorical variables were expressed as number of cases and 

percentages. Continuous variables were expressed as mean val-
ues and standard deviations or median values and interquartile 
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range (IQR - 25° and 75° quartiles) according to whether they 
were normally distributed. Nonparametric or parametric tests 
were performed accordingly. Comparisons of qualitative data 
were performed using the chi-square test, whereas comparisons 
of quantitative variables among different groups were conduct-
ed by the ANOVA one way test or the Kruskall-Wallis test when 
appropriate. Moreover, the Bonferroni test was used for multi-
ple comparisons. Assessments of any possible differences be-
tween the different groups considered, as well as in the differ-
ent classes of subjects - males, females, smoking, non-smoking, 
different classes of age, underweight/normal weight and over-
weight/obese - were searched using both Kruskal Wallis and 
Mann Whitney tests. Associations between FEF25-75 and PD20 in 
different categories and classes of subjects considered were an-
alyzed using the Spearman correlation test.

Receiver operator characteristic (ROC) curves to examine the 
ability of FEF25-75% (of predicted) to predict airway AHR (defined 
as a PD20 <2,400 µg or a PD20 <400 µg) were created by plot-
ting sensitivity (true positive rate) versus 1-specificity. The best 
threshold for any test was the one which maximizes sensitivity 
while minimizing the false positive rate, represented by the left 
upper most significant value on the curve. The area under the 
curve (AUC) represents a measure of the test accuracy (AUC of 
1.0 indicates perfect prediction while AUC of 0.50 indicates pre-
diction no better than chance) and was calculated via numeri-
cal integration.

A logistic binary regression model, corrected for sex, age, 
smoking, FEV1, FVC and seasons, was applied to evaluate if 
FEF25-75% was an independent AHR risk factor. In order to eval-
uate a possible different risk of FEF25-75% on AHR in the various 
levels of AHR (moderate to severe and borderline AHR), 2 addi-
tional logistic regression models were performed for each group 
considered (those with FEF25-75<50% and FEF25-75 between 50 
and 70%). In these models, the FEF25-75>70% value was consid-
ered as the referral value. P values <0.05 were considered sta-

tistically significant. The statistical package SPSS (16.0) was used 
for analysis. 

RESULTS

Characteristics of subjects subdivided according to their level 
of airways AHR are described in Table 1. Age and pulmonary 
function (in particular FEF25-75%) were higher in subjects with 
normal reactivity in comparison with those with borderline and 
moderate/severe AHR. This last group of subjects showed also 
lower percentage values of FEV1, FVC, FEV1/FVC, and FEF25-75 
when compared to values measured in the group of subjects 
with borderline AHR. Approximately 79% of patients reported 
symptoms onset in the year, previous to performing the Mch test, 
whereas in the remaining 14% and 7% of subjects symptoms ap-
peared 2 or three years previous to the test respectively (data 
not shown in tables/figures). When we subdivided all 4,172 sub-
jects in groups on the basis of baseline FEF25-75% values (<50%, 
between 50 and 70% and >70%) the percentage of hyperre-
sponsive subjects (with PD20<2,400 µg) decreased significant-
ly (P<0.0001) when going from baseline values of FEF25-75 

<50% to values >70% (Fig. 1A). Also the percentages of sub-
jects with moderate/severe AHR lowered with the increase of 
baseline FEF25-75% (Fig. 1B). Furthermore, also the median PD20 
progressively increased in subjects with higher baseline FEF25-75 
% (Fig. 2A). This trend was observed only in subjects with mod-
erate/severe AHR (Fig. 2C) but not in those with borderline AHR 
whose asthma diagnosis was less probable (Fig. 2B). These low-
er values of PD20 in subjects with FEF25-75<50% were also ob-
served when subdividing all subjects into females, males, smok-
ers, non-smokers, different classes of age and in underweight/
normal-weight or overweight/obese patients (data not shown). 
In addition, the logistic regression model (Table 2) showed that 
baseline FEF25-75>50 and <70% of predicted (corrected for age, 
sex, FEV1, FVC and seasons) was a risk factor for AHR (compared 

Table 1. Characteristics of 4,172 patients at baseline

All Subjects  
(n=4,172)

Subjects with  
PD20<400 µg (n=1,309)

Subjects with  
PD20>400 µg (n=1,088)

Normoreactive subjects 
(n=1,775) P

Age (mean±SD) 38.28±14.93 36.91±14.81* 37.90±14.87° 39.52±14.96*° <0.001
Males n. (%) 2,042 (48.9) 637 (48.7) 478 (43.9)* 927 (52.2)* <0.001
FEV1% (mean±SD) 100.48±12.74 96.24±12.33*†‡ 100.35±11.69*†‡ 103.70±12.72*†‡ <0.001
FVC % (mean±SD) 99.81±13.06 98.04±12.97*† 99.88±12.62* 101.07±13.23† <0.001
FEV1/FVC (mean±SD) 85.40±6.85 83.52±7.30*†‡ 85.46±6.64*†‡ 86.75±6.29*†‡ <0.001
FEF25-75% (mean±SD) 76.24±20.84 68.58±19.37*†‡ 74.82±18.79*†‡ 82.75±21.01*†‡ <0.001
BMI (mean±SD) 25.13±4.59 25.37±4.65 24.94±4.71 25.08±4.45 0.060
Smokers n. (%) 780 (21.3%) 253 (22.4%)* 248 (25.6%)† 279 (17.8%)*† <0.001

FEV1,forced expiratory volume in 1 second; FVC, forced vital capacity; FEF25-75, forced expiratory flow between 25 and 75% of vital capacity; BMI, body mass index. 
The continuous variables are mean±standard deviation and categorical values are expressed as number of cases (percentage). Mean comparisons were made by 
using the ANOVA test; median comparisons were made by using the Kruskal-Wallis test; proportion comparisons were made by using the χ2 test; post-hoc analysis 
was made by the Bonferroni correction.*†‡° Statistically significant differences between groups when they were compared.
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to FEF25-75>70%) both in all subjects (OR, 1.39; 95%CI, 1.14-1.69; 
P<0.01) and also only in those affected by moderate/severe 
(OR, 1.35; 95%CI, 1.06-1.72; P<0.01) or borderline AHR (OR, 
1.33; 95%CI, 1.05-1.69; P<0.01). This AHR risk resulted higher 
in subjects with baseline FEF25-75<50% (compared to those with 
FEF25-75>70%) especially in those affected by moderate/severe 
AHR (OR, 2.18; 95%CI, 1.41-3.37; P<0.0001) whose asthma di-
agnosis was certain. However, the application of spearman cor-
relations found a significant but weak relationship between PD20 
and FEF25-75% (r=0.189; P<0.0001; Fig. 3A). When subjects were 
subdivided into borderline and moderate/severe hyperreactive, 
no relationships were found in the former (r=0.016; P=0.611; 
Fig. 3B) whereas a significant correlation (r=0.103; P<0.001; 
Fig. 3C) was observed in the latter. A small but significant rela-
tionship between PD20 and FEF25-75% was also observed in 
males, females, smoking, non-smoking, different classes of age, 
underweight/normal weight and overweight/obese (data not 
shown). ROC curves were used to formally compare the ability 
of FEF25-75% measurement to distinguish hyperresponsive sub-
jects (defined as PD20 less than 2,400 µg or 400 µg) from sub-
jects without AHR and to identify the optimal threshold levels 
for distinguishing these 2 groups (Fig. 4A and B). The thresholds 
yielding the highest combined sensitivity and specificity for 
FEF25-75% were 75.19 and 74.95 in subjects with PD20<2,400 and 
<400 µg respectively. The AUC for FEF25-75% was 0.653 and 0.688 
in subjects with PD20<2,400 and <400 µg respectively. We an-
alyzed also FEV1, FVC, and FEV1/FVC% values measured in 
subjects with different levels of FEF25-75≤50% or FEF25-75>50 
and≤70% or FEF25-75>70% with the purpose of investigating if 

baseline pulmonary function was different in hyperresponsive 
and normoreactive subjects. On the whole, trends, both in sub-
jects with different baseline FEF25-75% values and in those hy-
perresponsive or normoreactive, were similar Fig. 5. Higher val-

Fig. 1. (A) Prevalence of airway hyperresponsiveness (identified by a PD20<2,400 
µg) and normal reactivity obtained in subjects with FEF25-75≤50% or FEF25-75>50 
and ≤70% or FEF25-75>70%. (B) Prevalence of borderline (identified by a PD20 
between 400 and 2,400 µg) and moderate/severe (identified by a PD20<400 
µg) airway hyperresponsiveness obtained in subjects with FEF25-75≤50% or 
FEF25-75>50 and ≤70% or FEF25-75>70%. Comparisons among different groups 
(χ2 tests): P<0.0001.
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Fig. 2. Median PD20 values measured in subjects with FEF25-75≤50% or  
FEF25-75>50 and ≤70% or FEF25-75>70%. (A) All subjects with PD20<2,400 µg. (B) 
subjects with borderline AHR (PD20 between 400 and 2,400 µg). (C) subjects with 
moderate/severe AHR (PD20<400 µg).
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ues of FEV1 and FEV1/FVC were observed with the increase of 
FEF25-75% (Fig. 5A and B). Small differences were found in 
FEV1% measurements between hyperresponsive and normo-
reactive subjects. No differences were found in FVC% values 
(Fig. 5C) either among different levels of baseline FEF25-75 values 
or between hyperresponsive and normoreactive subjects. 
FEF25-75% values were similar both in non-smoking and smok-
ing hyperreactive subjects, as well as in non-smoking and in 
smoking normoreactive subjects (Fig. 5D). On the contrary, dif-
ferent FEF25-75% values were found in normoreactive and hyper-
reactive subjects, both smokers and non-smokers (P< 0.0001; 
Fig. 5D). 

DISCUSSION

This study, carried out on a large number of subjects, high-
lights that a decrease in baseline FEF25-75% corresponds to an 

Table 2. Logistic binary regression model to evaluate AHR risk of the various covariates in subjects with different levels of airways hyperresponsiveness (compared 
to normal subjects)

All AHR subjects  
(PD20<2,400 µg)

Subjects with borderline AHR 
(PD20>400 µg)

Subjects with moderate/severe 
AHR (PD20<400 µg)

OR (95%IC) OR (95%IC) OR (95%IC)

Age 0,98 (0,98-0,99)* 0,99 (0,98-0,99)* 0,98 (0,97-0,98)*
Females† 1,41 (1,22-1,64)* 1,52 (1,27-1,82)* 1,38 (1,16-1,66)*
Smoking‡ 1,35 (1,14-1,60)* 1,50 (1,23-1,84)* 1,20 (0,97-1,48)
FEV1 % of predicted 0,95 (0,93-0,96)* 0,97 (0,95-0,99)* 0,93 (0,91-0,95)*
FVC % of predicted 1,03 (1,02-1,04)* 1,02 (1,01-1,03)* 1,05 (1,03-1,06)*
FEF25-75≤50 %of predicted§ 2,00 (1,39-2,89)* 1,46 (0,93-2,28)* 2,18 (1,41-3,37)*
FEF25-75>50 and<70% of predicted§ 1,39 (1,14-1,69)* 1,33 (1,05-1,69)* 1,35 (1,06-1,72)*
Overweight/Obese subjectsll 1,21 (1,04-1,41)* 1,01 (0,84-1,21) 1,47 (1,22-1,76)*

Winter¶ 0,84 (0,69-1,02) 0,84 (0,67-1,07) 0,84 (0,66-1,05)

Spring¶ 0,92 (0,76-1,11) 0,88 (0,70-1,11) 0,97 (0,78-1,22)

Summer¶ 0,75 (0,62-0,92)* 0,85 (0,67-1,08) 0,65 (0,51-0,84)*

*P<0.01; †vs males; ‡vs non-smoking; §vs FEF25-75>70%; llvs under/normal weight subjects; ¶vs autumn. 
AHR, airway hyperresponsiveness; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; FEF25-75, forced expiratory flow between 25 and 75% of vi-
tal capacity.

Fig. 3. Plot of PD20 versus FEF25-75% predicted (spearman correlation) in (A) all subjects with PD20<2,400 µg, (B) subjects with borderline AHR (PD20 between 400 
and 2,400 µg) and (C) subjects with moderate/severe AHR (PD20<400 µg).
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Fig. 4. Receiver operator characteristic curves (ROC) for FEF25-75% as apredictor of 
airway hyperresponsiveness identified by values of PD20<2,400 (A) and <400 
µg (B). The threshold yielding, the highest combined sensitivity and specificity for 
FEF25-75% were 75.19 and 74.95 in subjects with PD20<2,400 and <400 µg re-
spectively. The area under the curve (AUC) for FEF25-75% was 0.653 and 0.688 in 
subjects with PD20<2,400 and <400 µg respectively.
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increase in the number of hyperresponsive subjects and levels 
of AHR in individuals with suggestive asthma symptoms and 
normal pulmonary function. This trend has been particularly 
observed in subjects with moderate/severe AHR where an asth-
ma diagnosis is more probable. Furthermore, the logistic re-
gression model confirms that a lower FEF25-75% represents an 
AHR risk factor. Only patients affected by a moderate/severe 

AHR (but not borderline), showed that a lower level of FEF25-75% 
was associated to a greater AHR risk. In short, this study showed 
that more significant small airway impairment corresponded 
to a more severe AHR in the early stages of asthma. However, it 
must be said that there is a possibility that some subjects with 
high values of PD20 did not result asthmatics. In fact, according 
to guidelines, high values of PD20 or PC20, in case of suspected 

Fig. 5. Pulmonary function values measured in normoreactive and hyperreactive (PD20<2,400 µg) subjects with baseline FEF25-75≤50% or FEF25-75>50 and ≤70% or 
FEF25-75>70%. (A) FEV1/FVC: P<0.0001 in comparisons among groups with different FEF25-75 (Kruskal Wallis test) both in normoreactive and hyperreactive subjects; 
no differences were found between normoreactive and hyperreactive patients (Mann Whitney test) in each group. (B) FEV1: P<0.0001 in comparisons among groups 
with different FEF25-75 (Kruskal Wallis test) both in normoreactive and hyperreactive subjects; P<0.05 when normoreactive and hyperreactive patients were compared 
in each group (Mann Whitney test). (C) FVC: no differences were found either among groups with different FEF25-75 or between normoreactive and hyperreactive indi-
viduals (Kruskal Wallis and Mann Whitney tests). (D) FEF25-75: P<0.0001 in comparisons between hyperreactive and normoreactive patients both in non-smokers and 
smokers; no differences were found either between smoking and non-smoking hyperreactive patients or smoking and non-smoking normoreactive individuals.
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asthma (as in our patients), make an asthma diagnosis less 
probable.26 For this reason we arbitrarily used the 400 µg cut-off 
to distinguish subjects with a higher from those with a lower 
probability to be asthmatics, reducing to minimum the possi-
bility that at least in the group with PD20<400 µg there are not 
any non-asthmatics. On the other hand, it is necessary to say 
that airway AHR not only predicted new asthma onset but also 
COPD.28,29 Therefore, it is possible that part of our subjects may 
develop COPD and not asthma in time. However, this may re-
gard only a small number of our patients. In fact, it seems that 
COPD incidence was only of 2.8 cases/1,000/year in subjects 
aged 20-44 years with normal lung function and respiratory 
symptoms (chronic cough/phlegm and dyspnea).30 Probably, 
COPD diagnosis would regard especially and prevalently older 
subjects and smokers.31 At least 25% of the latter, aged 30-60 
years, will develop a clinically significant COPD over time.31 In 
addition, up to half of them will develop asthma-COPD overlap 
syndrome over time.32 Furthermore, it must be said that, as most 
of our patients are less than 40 years old, the symptoms they 
showed were definitely asthma symptoms. In fact, we know that 
COPD clinically manifests itself mainly after the age of 40. There-
fore, only a very small number of subjects of our survey may de-
velop COPD in time.

Results of our study are in accordance with other studies where 
impaired FEF25-75 values are inversely related to airway AHR both 
in children and adults affected by rhinitis and/or asthma.14-19 
Therefore, when facing a FEF25-75 impairment associated with 
normal FEV1 and FEV1/FVC in patients with asthma symptoms, 
we are expected to think that AHR, and consequently asthma, 
may be present. In the early stages of asthma, higher values of 
FEV1 and FEV1/FVC may not reveal an airway involvement 
caused by an asthma inflammatory process, whereas FEF25-75 
may represent an early functional airway impairment especial-
ly of peripheral airways. In such cases, a positive Mch challenge 
test can confirm an asthma diagnosis. Probably the normality 
cut-off of FEV1/VC or FEV1/FVC, indicated by guide-lines, is 
not representative of “normality” for all subjects.1,11-13 In fact, it 
is difficult to define a normality value which may be valid for all 
individuals because theoretical values, used to establish such 
limits, are not representative for all subjects, especially young 
adolescents.7,8,12,13 This is confirmed by previous studies that 
have shown a positive reversibility test after salbutamol (FEV1 
increase >12%) in about 23-30% of subjects with FEV1>100% 
or FEV1/FVC >100% or FEF25-75>70% and bronchial asthma 
symptoms.7,8 The percentage of subjects with positive revers-
ibility test increased to 35% when baseline FEF25-75 was <70%.7,8 
Therefore, subjects with a small airway impairment measured 
with a FEF25-75 reduction, may already have an obstruction of 
proximal airways that could not be seen because of inadequate 
FEV1/VC or FEV1/FVC normality cut-offs. Alternatively, an iso-
lated impairment of expiratory flows (MEF, FEF25-75) may sug-
gest a pulmonary obstructive disease located in limited airway 

districts.33 This has not been confirmed by our data where we 
observed that the progressive reduction of FEF25-75 correspond-
ed to a decrease also of FEV1 and FEV1/FVC. As a result, a re-
duction of small airways can also affect large airways. This sug-
gests that the bronchial tree is a single structure where caliber 
decreases both in large and small airways at the same time. 
However, distal airways (<2 mm diameter) have been recog-
nized as a predominant site of more severe inflammatory and 
structural changes and therefore of airflow obstruction in asth-
matic patients.2,3,34 In fact, inflammatory response and remod-
eling in asthma is not restricted to proximal airways but can be 
also observed in the distal lung.34 An increased number of eo-
sinophils and T cells (in particular CD3+) were observed in dis-
tal airways.3,34 Furthermore, a greater number of activated eo-
sinophils was seen in the bronchioles <2 mm internal diame-
ter and less in the ones >2 mm internal diameter, suggesting a 
more severe inflammatory process in the distal airways.3,34,35 In 
addition, as we have already said, impaired FEF25-75 values (such 
as less than 65 percent of predicted) were also negatively relat-
ed to FeNO values10,17,21-24 and in particular to the peripheral/al-
veolar NO concentration parts36 thus suggesting that small air-
way inflammation may be responsible for peripheral airway 
caliber reduction. Therefore, in the earlier stages of the disease, 
inflammation seemed to be more severe in distal than in proxi-
mal airways thus causing a greater impairment of expiratory 
flows rather than volumes.34 Consequently this bronchial in-
flammation may be responsible for AHR and its severity. In fact, 
exhaled nitric oxide correlates with airway AHR in patients with 
mild or initial asthma and normal pulmonary function37-41 sug-
gesting the presence of a link between airway inflammation 
(very probably located in small airway) and AHR. 

On the basis of our study, and confirmed by other researches 
already quoted, a greater impairment of FEF25-75% seems to cor-
respond to a more severe AHR.6,16,18,19 This is especially in line 
with the findings of Currie et al.42 who compared asthmatic pa-
tients with borderline Mch measured AHR to those with mod-
erate-to-severe AHR, where the latter had significantly lower 
FEF25-75% values. This suggests that FEF25-75 may be also a func-
tional marker of asthma severity. In this regard, a study con-
ducted in children with a low FEF25-75 and normal FEV1, the 
first parameter was significantly associated with the use of ste-
roids, asthma exacerbations and asthma severity.20 One more 
review article has shown that small airway dysfunction is asso-
ciated with worse asthma control, a higher number of exacer-
bations, the presence of nocturnal asthma, a more severe AHR, 
exercise induced asthma and late-phase allergic response,43 
thus confirming the possible role of FEF25-75 as a marker of asth-
ma severity especially in subjects with normal FEV1 and FEV1/
VC. However, the relationship between AHR and FEF25-75%, ob-
served in our study, was not very significant. The relationship 
between PD20 and FEF25-75% was poor and ROC did not find a 
major cut-off of FEF25-75% to discriminate hyperreactive from 
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normoreactive subjects. This means that FEF25-75 can be only 
considered an AHR risk factor and that a cut-off value of this 
parameter, which may allow us to distinguish hyperreactive from 
normoreactive subjects, does not exist. A Mch test may not be 
the best way to highlight the relationship between AHR and 
small airways impairment. In fact, airway sensitivity, detected 
with mannitol or adenosine monophosphate, is better related 
to airway inflammation (sputum eosinophils and FENO) than 
what found with Mch challenge.44 Furthermore, Mch reacts with 
muscarinic receptors prevalently located in large airways. One 
more explanation for the poor relationship observed between 
FEF25-75 and AHR may be that forced expiratory flows may have 
low reproducibility and high variability because they are strong-
ly related to FVC maneuvers and because great compliance is 
required in performing the tests.12,13 Changes in the FVC value 
entail a shift in the location of the indices along the abscissa of 
the flow-volume curve. Probably, when performing a spirome-
try, the maneuver with a higher FVC value should be considered 
so as to have a more reliable FEF25-75 value. However, FVC varia-
tions among various maneuvers, in subjects with normal spi-
rometry, might be low and consequently the changes of FEF25-75 
could also be that low. Therefore, the evaluation of FEF25-75 may 
be more reliable in subjects with normal FEV1 and FVC. Where-
as, in subjects with moderate to severe asthma, FVC may have a 
greater variability and therefore FEF25-75, may show more con-
siderable changes and thus be poorly trustworthy.12,13

Finally, deep inhalations, performed during the dosimeter 
protocol for Mch challenge, have been reported to result in 
bronchoprotection and therefore the challenge may be falsely 
negative among mild asthmatics, compared to the tidal breath-
ing protocol.45,46 This bronchoprotective effect of deep inhala-
tion may hide a more significant relationship between AHR and 
small airway impairment. 

In our study, subjects with normal reactivity can also have a 
FEF25-75% reduction. Therefore, a small airway impairment mea-
sured by a decrease of FEF25-75% should not be considered as an 
asthma peculiarity. This reduces also the importance of FEF25-75% 
to detect small airway impairment due to asthma. Only when 
FEF25-75 is associated to other parameters, for example typical 
symptoms, wheezing, AHR, reversibility to bronchodilators, at-
opy and specifically inflammatory markers, it may have a role 
in asthma management, although this has not been verified 
yet. Also other factors, apart from asthma, may influence a re-
duction of FEF25-75% in normoreactive subjects (but also in hy-
perreactive ones), i.e., air pollution, occupational exposure, 
smoking and other factors that are still unknown. However, 
smoking does not seem to determine any differences in FEF25-75% 
values both in normoreactive and hyperreactive subjects (Fig. 
5D). It is already known that FEF25-75% is lower in smokers than 
in non-smokers.47,48 On the contrary, the lack of a higher reduc-
tion of FEF25-75% in smokers, when compared to non-smokers in 
our study, may be due to a shorter smoking history as our sub-

jects were prevalently young. 
In conclusion, subjects in early stages of asthma with ‘‘normal’’ 

FEV1 and FEV1/FVC, but with only a reduction in forced expi-
ratory flows (FEF25-75), should perform a broncho-provocation 
test because airway AHR could be found in a considerable num-
ber of cases, thus confirming the asthma diagnosis. However, 
there is not a significant cut-off of FEF25-75 that may allow us to 
distinguish hyperreactive from normoreactive subjects because 
even normoreactive subjects can show lower FEF25-75 values. A 
greater impairment of FEF25-75 may be associated to a more se-
vere AHR suggesting a possible role of FEF25-75 (probably togeth-
er with other parameters) in the management of asthma when 
pulmonary function is normal. 
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