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Abstract 

Spirometry and testing for bronchodilator response have been recommended to detect asthma, and 

a bronchodilator response (BDR) of ≥12% and ≥200mL has been suggested to confirm asthma. 

However, the clinical value of bronchodilation tests in newly diagnosed steroid-naïve adult patients 

with asthma remains unknown. 

We evaluated the sensitivity of BDR in FEV1 as a diagnostic test for asthma in a real-life cohort of 

participants in the Seinäjoki Adult Asthma Study (SAAS). In the diagnostic phase, 369 spirometry 

tests with bronchodilation were performed for 219 steroid-naïve patients. The fulfilment of each 

test threshold was assessed. According to the algorithm of the National Institute for Health and Care 

Excellence, we divided the patients into obstructive (FEV11/FVC<0.70) and non-obstructive 

(FEV1/FVC≥0.70) groups. 

Of the overall cohort, 35.6% fulfilled ∆FEV1≥12% and ≥200mL for the initial FEV1, 18.3% fulfilled 

∆FEV1≥15% and ≥400 mL for the initial FEV1 and 36.1% fulfilled ∆FEV1≥9% of predicted FEV1 at least 

once. One-third (31%) of these steroid-naïve patients was obstructive (pre-bronchodilator 

FEV1/FVC<0.7). Of the obstructive patients, 55.9%, 26.5% and 48.5%, respectively, met the same 

thresholds. In multivariate logistic regression analysis, different thresholds recognized different 

kinds of asthma patients. 

In steroid-naïve adult patients, the current BDR threshold (∆FEV1≥12% and ≥200 mL) has low 

diagnostic sensitivity (36%) for asthma. In obstructive patients, sensitivity is somewhat higher (56%) 

but far from optimal. If the first spirometry test with bronchodilation is not diagnostic but asthma 

is suspected, spirometry should be repeated, and other lung function tests should be used to 

confirm the diagnosis. 

  



 

Introduction 

The diagnosis of asthma has often been based only on a history of typical variable symptoms. The 

use of objective lung function measurements has been recommended to increase the precision of 

asthma diagnosis [1-4]. Asthma guidelines and reports present several approaches to the diagnostic 

work-up [2,5,6]. Airway obstruction in spirometry with immediate bronchodilation response (BDR) 

has been recommended as the main diagnostic sign [7], although the sensitivity and specificity 

remain obscure [8,9]. Additional tests, such as exhaled nitric oxide (FeNO), peak flow (PEF) 

monitoring and challenge tests, have also been recommended [2,5,6]. 

Most commonly, ∆FEV1 of the initial FEV1≥12% and ≥200 mL has been defined as diagnostic for 

asthma. Some studies prefer expressing BDR as the ∆FEV1% of the predicted FEV1 to overcome the 

influence of age, gender, height and pre-test obstruction [10-14]. Recently, the evidence behind the 

recommendation of BDR level has been evaluated [15]. In population-based studies, the upper 95th 

percentile of the absolute ∆FEV1BDR in healthy persons was 240-320mL, and the ∆FEV1% of the 

initial FEV1 was 5.9-13.3% [15]. If measured, ∆FEV1% of the predicted FEV1 varied less, 8.7-11.6%. 

There are few previous patient studies on the clinical value of the BDR [11,16-20]. However, 

interpretation of these studies is difficult, as some of the patients included had undefined 

obstructive airway disease with missing data on medication and duration of possible asthma. 

Additional data are needed to assess the sensitivity of any ∆FEV1BDR cut-off value for diagnosing 

adult asthma in steroid-naïve patients [15,21]. 

The Seinäjoki Adult Asthma Study (SAAS) includes patients with chronic asthma from diagnosis until 

a 12-year follow-up visit [22,23]. The SAAS cohort offers a unique possibility to evaluate the 

diagnostics of asthma in adults because asthma diagnosis was based on typical symptoms, objective 

lung function measurements and clinical judgement by respiratory specialists [22]. The aim of the 



present study was to evaluate the sensitivity of BDR as a diagnostic tool for asthma in steroid-naïve 

patients in the SAAS cohort. 

 

Methods 

Study population 

SAAS is a prospective, single-centre 12-year follow-up study of adult-onset asthma (ClinicalTrials.gov 

ID NCT02733016). Newly diagnosed patients were consecutively recruited from the respiratory 

department of the Seinäjoki Central Hospital during 1999-2002. The study covered the majority 

(>94%) of new adult asthma cases at the study site, representing >38% of the cases in the 

geographical area [24,25]. Study patients were referred to the hospital due to suspicion of asthma 

mainly by primary care physicians and in most cases lung function measurements were conducted 

before referral. The inclusion criteria were as follows: 1) new-onset asthma, 2) asthma diagnosis 

confirmed by objective lung function measurements, 3) symptoms typical of asthma, and 4) age 15 

years [22] (eTable 1). Participants gave written informed consent to the study protocol approved by 

the Ethics Committee of Tampere University Hospital, Tampere, Finland (R12122). The SAAS cohort 

included 257 newly onset adult asthma patients, of whom 203 (79%) were reached 12 years later for 

a follow-up visit. The basic characteristics, 12-year prognosis, phenotypes, smoking characteristics 

and comorbidities of the SAAS cohort have been described earlier [23,25-29]. After the 12-year 

follow-up, almost all patients had chronic asthma (remission rate 3%), asthma was controlled in only 

34% [23], and 5.9% fulfilled the ERS/ATS criteria of severe asthma [25]. 

 

 

 

 



Study spirometries and BDR thresholds 

All pre-diagnostic spirometries were collected from the medical records of both primary and 

secondary care. A thorough chart review of the concurrent glucocorticoid medication (inhaled or oral) 

was performed at the time of each spirometry test. Only spirometries of steroid-naïve patients were 

chosen, i.e. spirometries measured during glucocorticoid medication or <1 month from 

discontinuation were excluded as well as those with insufficient medication data (n=270). Altogether, 

768 spirometries were available, for an average of 2.98 per study patient. The time between 

spirometries of the same patient varied from days to several months. Finally, 369 spirometry tests 

(48%) with bronchodilation that were measured in 219 subjects without any ICS/OCS treatment 

during the previous 4 weeks were included, with an average of 1.68 spirometries per study patient 

(Figure 1 and online supplement). The three methods to calculate the BDR were absolute volume, 

∆FEV1% of the initial FEV1 and ∆FEV1% of the predicted FEV1 (eTable 2). Fulfilments of the following 

thresholds for bronchodilator response were evaluated: 

 

Absolute change: 

• ≥200 mL 

• ≥400 mL 

∆FEV1% of the initial FEV1 and absolute change: 

• ≥12% and ≥200 mL 

• ≥12% and ≥400 mL 

• FEV1 ≥15% and ≥200 mL 

• FEV1 ≥15% and ≥400 mL 

∆FEV1% of the predicted FEV1 

• ≥8% 

• ≥9% 

• ≥10% 

 
 
 
 
  



Figure 1. Flow chart of the study to obtain a sample of spirometry tests with bronchodilator in 
the SAAS study. 
Study patients 
 
From each patient, one spirometry (n=219) with the highest ∆FEV1% measured from the initial FEV1 

was chosen. The National Institute for Clinical Excellence (NICE) recommends pre-bronchodilator 

obstruction defined as FEV1/FVC<0.7 as a starting point in the process of asthma diagnosis [6]. To 

test this, we divided study patients into obstructive (FEV1/FVC<0.7) or non-obstructive 

(FEV1/FVC≥0.70) patients.  

 

Statistical analysis 

Continuous data are expressed as the mean (SD) or median and interquartile range. The 

independent-samples t-test, the Mann-Whitney U test and the χ2 test were used for comparisons 

between two groups. Multivariable binary logistic regression analysis was performed to find 

variables predicting the fulfilment of BDR thresholds. The correlation matrix was analysed, and the 

explanatory variables not strongly correlated (R<0.7) were included in the analysis. Statistical 

analyses were performed using IBM SPSS Statistics software, version 24 (IBM SPSS, Armonk, NY). A 

P value < 0.05 was regarded as statistically significant. The performance of FEV1/FVC for predicting 

fulfilment of FEV1 reversibility threshold 12% and 200 ml was evaluated using the receiver‐operator 

characteristic (ROC) curve. 

 

Results 

Study patients 

Of the overall patient cohort, 85% (N=219) had acceptable spirometry with bronchodilation tests 

without glucocorticoid treatment (Figure 1). Their mean age was 47 years, and the majority of them 

were females (58%) and non-atopic (66%). One-half of patients (52%) had a history of smoking, and 



21% were current smokers (Table 1). Importantly, if BDR did not confirm an asthma diagnosis, PEF 

monitoring and additional asthma diagnostic tests were performed (eTable 3). 

 

Table 1. Characteristics of the study patients and lung function from spirometry showing the 
highest reversibility at the diagnostic phase in steroid-naïve patients 

  

Characteristics Study patients   
N=219 

Age, years  47 (15) 
Age of asthma onset, years 47 (15) 
Female 126 (57.5%) 
BMI 27.1 (24.0-30.4) 
Mean height (cm) 170 (10) 
Smoking history 113 (51.6%) 
Current smokers 45 (20.5%) 
Pack-years* 15 (5-22) 
Atopy** 67 (34.3%) 
Blood eosinophils x109/L 0.25 (0.17-0.40) 
Total IgE kU/L 80 (34-170) 
FEV1 L pre BD 2.77 (0.89) 
FEV1 % predicted pre BD 78 (17)  
FEV1 L post BD 3.06 (0.95) 
FEV1 % predicted post BD 86 (17)  
FVC L pre BD 3.74 (1.11) 
FVC % predicted pre BD 87 (16)  
FVC L post BD 3.95 (1.12) 
FVC % predicted post BD 92 (16)  
FEV1/FVC pre BD 0.75 (0.68-0.81) 
FEV1/FVC post BD 0.79 (0.72-0.84) 

Data are shown as n (%), mean ± SD, or median (interquartile range). 
BD = bronchodilator, BMI = body mass index 
*Among those with any smoking history. 
**At least one positive skin prick test for common allergens. 

 

The mean and median BDRs in the study cohort are shown in Table 2. As the mean (294mL, 11.6% 

of the initial FEV1) and median (230mL, 9.5% of the initial FEV1) values for the highest BDR were 

relatively low, the result suggests that the number of patients fulfilling, e.g., ∆FEV1 ≥12% and ≥200 

mL of the initial FEV1, may be low. 

 
 
 



Table 2. Bronchodilator responses in spirometry with the highest reversibility chosen from each 
steroid-naïve asthma patient (N=219). 

 mean (SD) median (IQR) n 

∆FEV1 (mL) 294 (270) 230 (130-400) 219 
∆FVC (mL) 210 (354) 130 (30-300) 219 
∆FEV1 % of the initial FEV1 11.6 (10.7) 9.5 (4.8-15.3) 219 
∆FVC % of the initial FVC 6.6 (10.9) 3.7 (0.8-8.5) 219 
∆FEV1 % of the predicted FEV1 8.3 (7.2) 7.0 (3.9-10.8) 219 

Data are shown as the mean (SD) and median (25th-75th percentile). The data are not normally distributed, 

The mean values are shown to make it easier to compare results with other studies. 

 

Bronchodilator responses in all study spirometries 

BDR in spirometries (n=369) was analysed according to the following thresholds: ≥12%, ≥15%, ≥200 

mL and ≥400 mL measured from the initial FEV1 and ≥8%, ≥9% or ≥10% measured from the predicted 

FEV1, or their combinations. The proportion of patients fulfilling each of the most commonly used 

thresholds is shown in Figure 2. Most of the patients fulfilled >1 criterion (44.8%), while 91 patients 

(41.6%) did not fulfil any of the thresholds (eTable 4). 

 
Figure 2. Percentages of asthma patients fulfilling the commonly used thresholds to define 
bronchodilator response 
 

The commonly used threshold in the asthma diagnostics for BDR (FEV112% and 200mL of the 

initial FEV1) was fulfilled by every third patient. Absolute BDR≥200mL was the most frequently 

fulfilled threshold (~58%), but ≥400mL was reached by only one-fourth of patients. Of the 

percentage changes, the highest proportion (>43%) of patients fulfilled the threshold of ∆FEV1% of 

the predicted FEV1≥8% (eTable 4). Nearly the same proportion which fulfilled the threshold of 

FEV112%, and 200mL of the initial FEV1 also fulfilled the threshold of ∆FEV1% of the predicted 

FEV1≥9% (36.1%). These two patient groups largely overlapped (Figure 3). However, there was a 

group (N=19) of patients who fulfilled one percentage change criterion but not the other (Figure 3). 

 



Figure 3 Venn diagram of the asthma patients (N=219) fulfilling the bronchodilator response 

thresholds of absolute volume 200mL, FEV112% of the initial FEV1 and ∆FEV1% of the predicted 

FEV19% 

 

 

Different BDR criteria may identify different patients [8,30]. To evaluate this, the groups fulfilling 

either FEV112% of the initial FEV1 and 200mL or ∆FEV1% of the predicted FEV19% were analysed 

(eTable 5). Lung function (FEV1 and FVC) was significantly better in the subgroup in which only the 

BDR threshold of 9% of predicted was fulfilled (N=10) compared with patients fulfilling FEV112% 

of the initial FEV1 and 200mL (eTable 5). For example, the mean pre-bronchodilator FEV1 was 

92%(SD8) and 52%(SD14), respectively. 

 

Predictors of the fulfilment of two thresholds 

As patient-related features may be associated with diagnostic criteria, predictors of the fulfilment 

of the two thresholds (FEV1>9% of the predicted FEV1 and FEV112% of the initial FEV1 + 200mL) 

were surveyed by multivariate logistic regression analysis (Table 3). An association was found 

between low pre-bronchodilator FEV1 (<80%) and fulfilment of both thresholds. Low total IgE, high 

blood eosinophils and high FVC tended to predict the fulfilment of at least one of the thresholds 

(Table 3). 

 
 
 
 
 
 
 
 
 
 
 
 



 
Table 3. Multivariable ORs for factors at the diagnostic visit associated with the fulfilment of 

thresholds of FEV1>9% of predicted FEV1 and FEV112% and 200mL of the initial FEV1 

 

*Measured from the spirometry with highest reversibility. Data are presented as ORs (95% CIs). BMI and smoking 
were not significantly associated with the thresholds and were excluded from the model. Statistically significant 
associations are presented in bold. AQ20 = Airways Questionnaire 20. 

 

Patients with pre-bronchodilator FEV1/FVC<0.7 vs. FEV1/FVC 0.7 

Thirty-one percent (N=68) of the study patients had pre-bronchodilator FEV1/FVC<0.7. They were 

older, more often males and more often had a smoking history (eTable 6). However, there were no 

differences in blood eosinophils, IgE, symptoms, current smoking or pack-years between the groups. 

More patients reached the suggested criteria for ACO (asthma-COPD overlap; ≥10 pack-years and 

post-BD FEV1/FVC<0.7) if pre-BD FEV1/FVC was <0.7 than if pre-BD FEV1/FVC was 0.7, 32.3% and 

2%, respectively (eTable 6). Reversibility was significantly higher in patients with pre-BD 

FEV1/FVC<0.7 than in those with pre-BD FEV1/FVC0.7 (Table 4). Diagnostic criteria in these groups 

also differed (eTable 7). 

 
 
 
 
 
 

 FEV19% of 
predicted FEV1 

P value FEV112% of the 
initial FEV1+200mL 

P value 

Age  45 years 1.54 (0.73-3.22) 0.258 1.72 (0.77-3.85) 0.190 

Male 0.71 (0.33-1.50) 0.365 0.43 (0.19-1.00) 0.050 
Symptoms, AQ20 1.10 (0.97-1.14) 0.228 1.02 (0.94-1.11) 0.630 
Total IgE<100 kU/L 2.06 (0.97-4.37) 0.060 2.84 (1.24-6.51) 0.014 
Blood eosinophils 
>0.25 x 109/L   

1.90 (0.89-4.10) 0.097 2.55 (1.10-5.88) 0.029 

Post-bronchodilator 
FEV1/FVC<0.7 and 
pack-years≥10  

0.26 (0.60-1.11) 0.690 0.39 (0.11-1.43) 0.155 

Pre-bronchodilator 
FEV1<80% predicted* 

6.03 (2.11-17.21) <0.001 15.93 (5.00-50.80) <0.001 

Pre-bronchodilator 
FVC>90% predicted* 

4.71 (1.68-13.18) 0.003 2.90 (0.99-8.53) 0.053 



Table 4. Bronchodilator responses in steroid-naïve asthma patients with pre-bronchodilator 

FEV1/FVC<0.7 vs. FEV1/FVC 0.7 (N=219). 
 pre-BD FEV1/FVC ≥0.7 

N=151 
pre-BD FEV1/FVC <0.7 
N=68 

P value 

∆FEV1, mL 210 (110-370) 285 (180-478) 0.002 
∆FVC, mL 110 (20-240) 200 (90-320) 0.012 
∆FEV1 % of the initial FEV1 7.3 (3.8-12.5) 13.5 (9.3-19.4) <0.001 
∆FVC % of the initial FVC 3.0 (0.5-6.6) 6.4 (2.2-8.5) 0.008 
∆FEV1 % of the predicted FEV1 6.0 (3.2-9.8) 8.9 (5.8-13.2) 0.001 

Data are shown as the median (25th-75th percentile). Spirometry showing the highest reversibility chosen from each 
patient. 

 

Seven of the nine BDR thresholds were fulfilled more often in patients with pre-bronchodilator 

FEV1/FVC<0.7 (Table 5). The sensitivity of the BDR measurement (FEV112% and 200mL of the 

initial FEV1 fulfilled by 55.9% of the patients) was better in obstructive patients than in the whole 

group (35.6%). Nevertheless, almost half of patients did not fulfil this criterion. However, even in 

the group of asthma patients with pre-bronchodilator FEV1/FVC<0.7, 27.9% of patients met none of 

the criteria (Table 5). 

We performed ROC analysis to find out the optimum FEV1/FVC cut-off predicting patient fulfilling 

criteria of FEV112% and 200mL of the initial FEV1. AUC of the model is 0.71 (p<0.001), indicating 

that FEV1/FVC fairly predicts this reversibility threshold. The optimum cut-off value for FEV1/FVC 

was 0.72, yielding sensitivity of 67.2% and specificity 74.7% (eTable 8 and eFigure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 5 
Different thresholds of bronchodilator response in steroid-naïve asthma patients with pre 
bronchodilator FEV1/FVC<0.7 vs. FEV1/FVC≥0.7 measured from spirometry with the highest 
reversibility chosen from each patient (N=219). 
 

Data are shown as n (%). 

 
 
 
Discussion 

The role of bronchodilation tests to confirm the reversibility of airway obstruction in asthma 

diagnostics is central even though the clinical value has remained unclear. In this study, we tested 

different thresholds of BDR in steroid-naïve patients with asthma during the diagnostic phase. The 

most commonly used threshold of diagnostic BDR for asthma FEV112% and 200mL of the initial 

FEV1 was fulfilled in 35.6% of the study patients. FEV19% of the predicted FEV1 was fulfilled in 

36.1% of the patients, and the groups were mainly the same. Only one-third (31%) of the newly 

diagnosed asthma patients were obstructive, as defined by pre-bronchodilator FEV1/FVC<0.7. 

Among the obstructive patients, a higher proportion (55.9%) fulfilled the BDR criterion FEV112% 

and 200mL of the initial FEV1. To the best of our knowledge, this is the first study to evaluate the 

sensitivity of the bronchodilation test and its different thresholds during the diagnostic phase in 

adult patients with clinically confirmed chronic asthma. 

 
 

pre-BD FEV1/FVC 
≥0.7 
N=151 

pre-BD 
FEV1/FVC <0.7 
N=68 

P value 

Absolute change ≥200 mL 80 (53.0%) 48 (70.6%) 0.018 
Absolute change ≥400 mL 32 (21.2%) 20 (29.4%) 0.229 
∆FEV1% of the initial FEV1 ≥12% and 200 mL 40 (26.5%) 38 (55.9%) <0.001 
∆FEV1% of the initial FEV1 ≥15% and 400 mL 21 (13.9%) 18 (26.5%) 0.035 
∆FEV1% of the initial FEV1 ≥12% and 400 mL 26 (17.2%) 19 (27.9%) 0.074 
∆FEV1% of the initial FEV1 ≥15% and 200 mL 27 (17.9%) 30 (44.1%) <0.001 
∆FEV1% of the predicted FEV1 ≥8% 58 (38.4%) 38 (55.9%) 0.019 
∆FEV1% of the predicted FEV1 ≥9% 46 (30.5%) 33 (48.5%) 0.015 
∆FEV1% of the predicted FEV1 ≥10% 37 (24.5%) 29 (42.6%) 0.010 
None of the thresholds was fulfilled 70 (46.4%) 19 (27.9%) 0.012 



Recently, we evaluated the evidence behind the quantifiable improvement in FEV1 after short-acting 

bronchodilator administration as a significant change or as a diagnostic method in adult asthma 

[15]. Most of the previous studies included COPD patients, or the diagnosis was unclear. Most 

studies did not report data on steroid treatment, duration of asthma before the bronchodilator test, 

or use of other diagnostic tests [15]. Even a short period of inhaled or oral steroid treatment can 

reduce BDR in spirometry [31]. In our real-life SAAS cohort including steroid-naïve patients from 

different phenotypes and all age groups ≥15 years, sensitivity to reach the threshold of immediate 

∆FEV1BDR12% and 200 mL of the initial FEV1 was 35.6%. The sensitivity of the same threshold was 

13% in a Danish study involving mainly atopic young adults with minor smoking history [9] and 9% 

in a subgroup of asthma patients [21] both with ongoing steroid treatment.  These results are in line 

with ours; the role of spirometry in asthma diagnostics is not nearly exclusive, especially if only the 

threshold of ∆FEV1BDR12% and ≥200 mL of the initial FEV1 is used. 

In four population-based studies of non-smoking healthy subjects, the upper 95th percentile of the 

∆FEV1% of the initial FEV1 varied between 9.0-13.3%, and the ∆FEV1% of the predicted FEV1 varied 

less, 8.7-11.6%. [10,12-14]. Expressing BDR as the ∆FEV1% of the predicted FEV1 [10-13] and/or as a 

change in the z score [14] has been preferred to overcome the influence of age, gender, height and 

obstruction. For the same reason, the requirement of a fixed minimum change of >200mL in FEV1 

has been considered unrealistic [14]. It has also been suggested that ∆FEV1% of the predicted FEV1 

between 9.0-10.0% may allow better discrimination between patients with asthma and COPD 

[11,20,32]. In subjects with ∆FEV1% >8% of the predicted FEV1 (diagnosis unclear, 43% on ICS) has 

been reported to have a survival advantage because of the clinically important reversibility [33]. In 

our cohort, the sensitivity of the threshold of predicted FEV19% for asthma (36.1%) was the same 

as for the threshold of initial FEV112% and 200mL (35.8%). ∆FEV1% of the predicted FEV18% 

detected more subjects with asthma (43.6%). Previously, 17.9% of patients with current self-



reported asthma (diagnostic method and therapy not stated) fulfilled BDR9.0% of the predicted 

[8]. The four reversibility thresholds (∆FEV1 ≥400mL, ∆FEV1% of the initial FEV112% or 15%, 

∆FEV1% of the predicted FEV19%) identified different kinds of patients [8]. In another study, 22% 

of untreated patients with mild asthma had reversibility of ≥12% and ≥200mL, while adopting a 

threshold of 9% of predicted FEV1, the proportion increased to 32% [34]. In our study, the subgroup 

of patients with ∆FEV1BDR12% and 200mL of the initial FEV1 was almost the same as those with 

BDR9.0% of the predicted. Patients fulfilling only the threshold of 9.0% of the predicted FEV1 

were younger and had significantly better lung function than those showing ∆FEV1BDR12% and 

200mL of the initial FEV1 but not 9.0% of the predicted FEV1. In a population-based study, 

thresholds of ∆FEV1BDR12% and 200mL were found in 17.3% of patients with self-reported asthma 

(therapy not stated and not withdrawn), and were associated with wheeze and atopy, total IgE and 

FeNO [30]. Associations of the clinical features and the fulfilment of the different thresholds in our 

cohort were weaker. In contrast, the ΔFEV1≥12%+200mL threshold in our patient population was 

associated with low IgE but high blood eosinophils. Adult-onset asthma is less often associated with 

allergy than childhood-onset asthma, but high eosinophils occur in many asthma patients at all ages. 

We consider that the most important clinical implication of this is that also non-atopic patients who 

have asthma onset later in life and present with eosinophilia may be a subgroup that can be 

recognized with the bronchodilator threshold of ΔFEV112%+200ml. Our cohort included only 

steroid-naïve patients with newly diagnosed chronic adult-onset asthma of all severity grades, which 

might explain the differencies against previous studies.  

 

Recent NICE guidelines recommend objective lung function tests to diagnose adult asthma [6]. The 

first step in the NICE algorithm is to divide patients based on obstruction (pre-bronchodilator 

FEV1/FVC<0.7 or FEV1/FVC0.7). According to NICE, bronchodilator tests should be performed only 



in obstructive (pre-bronchodilator FEV1/FVC<0.7) patients; otherwise, measurements such as FeNO 

and PEF monitoring are recommended. One-third (31%) of the patients in our cohort had pre-

bronchodilator FEV1/FVC<0.7. In this subgroup, ∆FEV1BDR12% and 200mL was fulfilled in 55.9% of 

the patients, and other thresholds (except absolute change 400 mL) of BDR were more commonly 

fulfilled than in the subgroup of patients with pre-bronchodilator FEV1/FVC0.7. However, in this 

latter group, reversibility was still found (∆FEV1BDR12% and 200mL in 26.5%) and even more often 

if the threshold of ∆FEV1% of the predicted FEV18% was used (38%). Our real-life cohort of steroid-

naïve patients with asthma partly supports the NICE algorithm, as BDR thresholds are fulfilled more 

often if pre-bronchodilator FEV1/FVC is <0.7. On the other hand, in the subgroup of patients with 

pre-bronchodilator FEV1/FVC0.7, significant reversibility was found in every fourth patient, 

supporting the use of the bronchodilator test regardless of the pre-bronchodilator FEV1/FVC value. 

We also performed ROC analysis and found that FEV1/FVC only fairly predicts the fulfilment of ΔFEV1 

≥12% and 200mL of the initial FEV1, further supporting that the recommendation to measure 

reversibility only in patients with FEV1/FVC <0.70 [6] is not optimal.  

 
The main strengths of our study are asthma diagnosis based on evaluation by respiratory specialists 

in conjunction with symptoms, objective lung function measurements and follow-up for 12 years 

with a low remission rate (3%) [23]. Thus, our results represent the clinical value of immediate BDR 

as a diagnostic test in steroid-naïve adult patients with chronic asthma. The availability [35] and 

quality [36] of the spirometry measurement were good during the collection of the study cohort. 

The small size of our cohort could be considered a limitation, but due to active use of lung function 

tests, 768 spirometry measurements were found, averaging 2.98 per study patient. The aim of our 

study was to evaluate BDR in steroid-naïve patients, which still provided an average of 1.7 

spirometries per patient. The diagnostic threshold of BDR in our study cohort was FEV115% and 



200mL, which might have influenced patient selection and decreased the sensitivity of the BDR test. 

On the other hand, subjects were included as asthmatic if they fulfilled other lung function criteria, 

such as excess variability or reversibility of PEF monitoring or positive challenge test. Low remission 

rate (3%) after follow-up for 12-years [23] ensures that patients in SAAS-cohort represent patients 

with chronic asthma starting at adult age. We acknowledge that the results may not be generalizable 

to a patient group showing temporary asthma symptoms or mild seasonal asthma being 

asymptomatic most of the year. 

If the diagnostic value of a test is intended to be assessed, the test should be evaluated in the 

diagnostic phase of the disease. While underdiagnosis and overdiagnosis are common in patients 

with asthma-like symptoms [3], we need retrospective studies from the diagnostic phase of patients 

known to have chronic asthma. Spirometry with bronchodilation tests has been the starting point if 

adult asthma is suspected. If the test is not diagnostic, other lung function tests, including PEF 

monitoring, provocation tests and empiric steroid treatment tests, should be considered [37]. We 

analysed the spirometry with the highest BDR from each patient, but pre-bronchodilator 

FEV1/FVC<0.7 was still found in only one-third of measurements, and the sensitivity of the 

FEV112% and 200mL in our adult-onset asthma patients was only 36%. Adult-onset asthma is a 

heterogeneous disease with several phenotypes [38,39]. The role of diagnostic tests may vary 

between phenotypes due to different pathogeneses and other factors. Is it possible to enhance the 

sensitivity of the bronchodilation test in younger patients with milder disease, for example, by using 

additional thresholds of ∆FEV1% measured from the predicted FEV1 (8%-10%)? In the SAAS cohort, 

the fulfilment of the diagnostic threshold of immediate BDR (FEV1≥15% and ≥200mL from the initial 

FEV1) varied between the clusters: early-onset, atopic asthma (43.6%), smokers asthma (42.1%), 

obese asthma (28%), female asthma (20%) and non-rhinitic asthma (18%) [28]. Larger studies of the 



clinical value of the different thresholds of immediate BDR among steroid-naïve adult asthma 

patients representing different phenotypes are needed. 

Overall, in the SAAS cohort, the diagnostic sensitivity of the BDR test was low (35.6%) if the threshold 

of ∆FEV1BDR12% and ≥200 mL measured from the initial FEV1 was used. Of the obstructive (pre-

bronchodilator FEV1/FVC<0.7) patients, 55.9% reached the same threshold. Among non-obstructive 

patients, one-fourth reached significant BDR, which should be taken into account in clinical practice. 

Thus, even though the diagnostic sensitivity of the BDR test is low, spirometry and bronchodilation 

tests should be performed at least once for every patient with prolonged respiratory symptoms, 

even though other tests are often needed before clinical conclusions. 
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Figure 1. Flow chart of the study to obtain a sample of spirometry tests with bronchodilator in 
the SAAS study. 
 

Excluded spirometry n=270  

- conducted only in the presence of 

glucocorticoid medication (either ongoing or <1 

month from discontinuation or data missing) 

 

 Spirometry conducted in the 

absence of glucocorticoid 

medication during the diagnostic 

phase

n=498  

(N=231 patients) 

 

 

Spirometry conducted during the 

diagnostic phase 

n=768 

N=257 patients 

 

Excluded spirometry n=129  

- conducted without post-bronchodilator 

values 

 

Spirometry included 

n=369 

N=219 patients 

 



Figure 2. Percentages of asthma patients fulfilling the commonly used thresholds to define 
bronchodilator response 
 

 



Figure 3 Venn diagram of the asthma patients (N=219) fulfilling the bronchodilator response 

thresholds of absolute volume 200mL, FEV112% of the initial FEV1 and ∆FEV1% of the predicted 

FEV19% 
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Methods 

Spirometries with bronchodilator test were performed according to international recommendations [S1,S2]. 

In hospital Vmax 22 (Vmax 22, Viasys Healthcare, Palm Springs, CA) was used and in GP offices M9426 

spirometer (Medikro, Kuopio, Finland) was most often used. The quality of primary care spirometry in the 

study area has been previously analysed in detail and has been found good [S3].  Finnish reference values 

were used [S4]. Only spirometries of steroid-naïve patients were chosen, i.e. spirometries measured during 

glucocorticoid medication or <1 month from discontinuation were excluded as well as those with insufficient 

medication data (n=270). Also spirometries without bronchodilator test were excluded (n=129). 

Bronchodilator test was made by salbutamol 200 g according to guidelines [S2,S5]. 

 

eTable 1. Inclusion & exclusion criteria used in SAAS studyS6 

Inclusion criteria • a diagnosis of new-onset asthma made by a respiratory specialist  

• diagnosis confirmed by at least one of the following objective 

lung function measurements1: 

o FEV1 reversibility in spirometry of at least 15% and 200 ml 

o diurnal variability (≥ 20%) or repeated reversibility  

(≥ 15%/60 L/min) in PEF-follow-up 

o a significant decrease in FEV1 (15%) or PEF (20%) in 

response to exercise or allergen 

o a significant reversibility in FEV1 (at least 15% and 200 

ml) or mean PEF (20%) in response to a trial with oral or 

inhaled glucocorticoids 

• symptoms of asthma  

• age ≥ 15years 

Exclusion criteria • physical or mental inability to provide signed informed consent 

• of note: 

o patients with comorbidities, either other lung disease or any 

other significant disease were not excluded  

o patients were not excluded because of smoking, alcohol use 

or any other lifestyle factor 
 



 

eTable 2 Three most common methods to calculate the immediate FEV1 BDR discussed in the recommendations, reports and guidelines for asthma and 

spirometry measurements 

 Unit Calculation formula 

Absolute volume 

change (∆FEV1) 

litres (L) or 

millilitres (mL) 
postbd FEV1 – initial FEV1 

∆FEV1 % of the 

initial FEV1 

Percentage  

(%) 

 

 

 

∆FEV1 % of the 

predicted FEV1* 

Percentage  

(%)  

postbd = post-bronchodilator, FEV1= forced expiratory volume in 1 second 

* Can also be expressed as the percent predicted FEV1 after bronchodilator administration minus the percent predicted FEV1 before bronchodilator 

administration 

 

 

 



 

eTable 3. Diagnostic criteria fulfilled by the patients in the SAAS-cohort. 
Diagnostic criteria fulfilled n=219 

Positive BDR (∆FEV1% of the initial FEV1 ≥15% and ≥200 mL) at least in one 

spirometric measurement n (%) 

72 

(32.9%) 

if not 

Diurnal variability (⩾20%) or repeated reversibility (⩾15%/60l/ min) in peak flow 

monitoring 

119  

(54.3%) 

if not  

Variable bronchial obstruction shown in exercise, allergen exposure or as a steroid 

treatment response 

28  

(12.8%) 

aPractically all patients underwent one or more spirometric evaluations and 2 week peak flow monitoring. Other tests   

were performed if considered necessary. Only the major diagnostic feature per patient is shown using a hierarchical 

evaluation in which positive bronchodilator response on FEV1 was considered first, if negative, then peak flow changes  

were considered and if negative, the other tests were considered.   

 

 

 

 

eTable 4. Proportion of steroid-naïve patients (n=219) fulfilling at least one of the BDR thresholds among 

369 study spirometries 

Absolute change ≥200 mL of ∆FEV1 128 (58.4%) 

∆FEV1% of the predicted FEV1 ≥8%   95 (43.6%) 

∆FEV1% of the predicted FEV1 ≥9%   79 (36.1%) 

∆FEV1% of the initial FEV1 ≥12% and 200 

mL 

  78 (35.6%) 

∆FEV1% of the predicted FEV1 ≥10%   65 (29.8%) 

∆FEV1% of the initial FEV1 ≥15% and 200 

mL 

  58 (26.5%) 

Absolute change ≥400 mL of ∆FEV1   53 (24.2%) 

∆FEV1% of the initial FEV1 ≥12% and 400 

mL 

  46 (21.0%) 

∆FEV1% of the initial FEV1 ≥15% and 400 

mL 

  40 (18.3%) 

None of the criterion was fulfilled   91 (41.6%) 

Data is shown as n (%)  

 

 

 

 

 

 

 

 

 

 



 

 

 

eTable 5 Differencies of the subgroups of patients fulfilling absolute volume of ∆FEV1% 200mL 

and either ∆FEV1% of the initial FEV1 ≥12% or ∆FEV1% of the predicted FEV1 ≥9% 

 ∆FEV1% of the  

initial FEV1 ≥12% 

∆FEV1% of the  

predicted FEV1 ≥9% 

P value 

 n=9 n=10  

Male gender 5 (55.6%) 7 (70.0 %) 0.650 

Age 50 (10) 39 (11) 0.032 

BMI 25.3 (23.6-30.3) 25.0 (23.5-28.2) 0.842 

Smoking history 5 (55.6%) 7 (70%) 0.650 

Current smoker 1 (11.1%) 4 (40%) 0.303 

Pack years 15 (4.5-31.5) 5 (3.5-11) 0.343 

Atopic 2 (25%) 4 (50%) 0.608 

Pre-BD FEV1  (%ref) 52 (14) 92 (8) <0.001 

Post-BD FEV1  

(%ref) 

59 (15) 102 (9) <0.001 

Pre-BD FVC (%ref) 65 (13) 102 (10) <0.001 

Post-BD FVC (%ref) 71 (15) 106 (8) <0.001 

Pre-BD FEV1  (L) 1.90 (0.49) 3.91 (0.81) <0.001 

Post-BD FEV1  (L) 2.18 (0.54) 4.34 (0.89) <0.001 

Pre-BD FVC (L) 2.96 (0.57) 5.22 (1.19) <0.001 

Post-BD FVC (L) 3.22 (0.58) 5.40 (1.05) <0.001 

Pre-BD FEV1/FVC 0.64 (0.10) 0.76 (0.07) 0.008 

Post-BD FEV1/FVC 0.68 (0.09) 0.80 (0.06) 0.002 

FEV1 reversibility, 

ml 

283 (67) 428 (88) 0.001 

FVC reversibility, ml 261 (196) 179 (200) 0.380 

FEV1 reversibility, 

% of initial value  

15.2 (3.0) 11.0 (0.8) <0.001 

FVC reversibility, % 

of initial value 

9.1 (7.0) 4.4 (5.6) 0.125 

FEV1 reversibility, 

% of predicted 

7.6 (1.4) 10.1 (1.1) 0.001 

Blood eosinophils 

x109/L 

0.50 (0.16-0.73) 0.34 (0.11-0.60) 0.604 

Total IgE kU/L 74 (23-107) 71 (44-331) 0.481 

Fulfills COPD 

criteria (≥10 pack 

years and post-

FEV1/FVC<0.7) 

2 (22.2%) 0 0.211 

Data is shown as n (%)  

 

 

 

 

 



 

 

eTable 6. Baseline characteristics of the patients with pre-bronchodilator FEV1/FVC 0.7 vs. 

FEV1/FVC<0.7  
 pre-BD FEV1/FVC 

≥0.7 

pre-BD FEV1/FVC 

<0.7 

 

 n=151 n=68  

Age 45 (15) 50 (15) 0.028 

Female gender 95 (62.9 %) 31 (45.6 %) 0.019 

BMI 27.1 (24.1-30.9) 27.2 (23.6-30.1) 0.695 

Smoking history 70 (46.4 %) 43 (63.2 %) 0.028 

Current smokers 30 (19.9 %) 15 (22.1 %) 0.720 

Pack years  11 (4-20) 15 (9-26) 0.098 

Blood eosinophils x109/L 0.24 (0.18-0.40) 0.30 (0.17-0.50) 0.935 

Total IgE kU/L 99 (34-198) 71 (29-111) 0.160 

Atopic 51 (37.5 %) 16 (27.1 %) 0.190 

Pre-BD FEV1  (L) 2.9 (2.4-3.5) 2.1 (1.7-2.8) <0.001 

Post-BD FEV1  (L) 3.1 (2.5-3.7) 2.5 (2.0-3.2) <0.001 

Pre-BD FVC (L) 3.6 (3.0-4.4) 3.5 (2.8-4.4) 0.508 

Post-BD FVC (L) 3.7 (3.2-4.6) 3.8 (3.2-4.6) 0.859 

Pre-BD FEV1  (%ref) 84 (14) 64 (15) <0.001 

Post-BD FEV1  (%ref) 91 (15) 74 (17) <0.001 

Pre-BD FVC (%ref) 88 (16) 84 (17) 0.129 

Post-BD FVC (%ref) 93 (15) 90 (17) 0.207 

Pre-FEV1/FVC, ratio 0.79 (0.75-0.84) 0.64 (0.59-0.67) <0.001 

Post-FEV1/FVC, ratio 0.82 (0.79-0.87) 0.69 (0.62-0.74) <0.001 

Fulfills COPD criteria (≥10 

pack years and post-

FEV1/FVC<0.7) 

3 (2 %) 21 (32.3 %) <0.001 

Data is shown as n (%)  

 

 

 

eTable 7. Diagnostic criteria fulfilled by the obstructive and non-obstructive patientsa in the 

SAAS-cohort. 
 pre-BD FEV1/FVC 

≥0.7 

pre-BD FEV1/FVC 

<0.7 

P value 

Subjects 151 68  

Positive BDR (∆FEV1% of the initial FEV1 ≥15% 

and ≥200 mL) at least in one spirometric 

measurement n (%) 

 

39 

(25.8%) 

 

33† 

(48.5%) 

0.001 

if not 

Diurnal variability (⩾20%) or repeated 

reversibility (⩾15%/60l/ min) in peak flow 

monitoring 

 

94  

(62.3%) 

 

25†  

(36.8%) 

 

if not  

Variable bronchial obstruction shown in exercise, 

allergen exposure or as a steroid treatment 

response 

 

18  

(11.9%) 

 

10  

(14.7%) 

 

† p<0.05 vs. group with pre-BD FEV1/FVC ≥0.7, BD=bronchodilator, BDR=bronchodilator response 

 



eTable 8. Predicting fulfilling threshold of 12% and 200ml FEV1 reversibility by  

pre-BD FEV1/FVC ratio  
 

AUC 0.71 (fair) 

p-value <0.001 

Lower AUC boundary (of 95% CI) 0.632 

Upper AUC boundary (of 95% CI) 0.788 

Cut-off point 0.7205 

Sensitivity % 67.2 

Specificity % 74.7 

 

 Predicted positive Predicted negative Total 

Actual positive 41 (67.2%) 20 (32.8%) 61 (100%) 

Actual negative 40 (25.3%) 118 (74.7%) 158 (100%) 

Accuracy 41+118 / (41+20+40+118) = 72.6% 

eFigure 1. Receiver-operation characteristic (ROC) curve for the performance of FEV1/FVC 

for predicting fulfilling FEV1 reversibility threshold 12% and 200 mL 
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