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R E S E A R C H  L E T T E R

Reliability of external impulse oscillometry reference values for 
assessing respiratory health in Swedish adults

To the Editor,
Impulse oscillometry (IOS) can be used to assess the mechanical 
properties of the respiratory airways. The method is easy to perform 
as it requires only tidal breathing and may provide complimentary 
information beyond that from dynamic spirometry. For the method 
to be clinically useful, reference values appropriate with regard to 
methodology and population are needed. The IOS equipment pro-
ducer recommended reference values are derived from a German 
population,1 whilst method- specific reference values for healthy 
non- smoking adult Caucasian are available from smaller data sets 
from Europe2 and Australia.3

Here, we evaluated the fit of existing reference values for pa-
rameters generated by IOS measurements in a large population of 
healthy, non- smoking individuals. We then further evaluated the 
burden of respiratory symptoms in relation with discrepancies 
between reference materials. In Uppsala, Sweden, 5,036 subjects 
aged 50– 64 years participated in the population- based Swedish 
CArdioPulmonary bioImage Study (SCAPIS)4 between October 
2015 and June 2018 (participation rate of 46.7%). The general 
study population was made up of 3,812 individuals with complete 
lung function data. Of these, 1,066 individuals were lung healthy, 
never- smoking and BMI <30, and hence included in the reference 
population used for defining the limits of normality in the SCAPIS 
material. Smoking habits and respiratory symptoms were assessed 
by questionnaires. IOS was performed prior to spirometry accord-
ing to ERS guidelines5,6 using the Jaeger MasterScreen- IOS system 
(Vyaire). The average values of resistance at 5 and 20 Hz (R5, R20) 
and the reactance at 5 Hz (X5) were used for analysis, along with 
the highest pre- bronchodilator forced vital capacity (FVC) and 
forced expiratory volume in one second (FEV1). The ratio FEV1/FVC 
was calculated from these. IOS lung function data were converted 
to z- scores according to the reference values published by Vogel 
et al.,1 Newbury et al.,3 and Schulz et al..2 Chi- square tests were 
performed to evaluate if the respiratory burden differed between 
the subjects classified differently in regard to the limits of normal-
ity in the different reference materials. All participants gave their 
written informed consent and SCAPIS has been approved as a mul-
ticentre study by the regional ethics committee in Umeå, Sweden 

(Dnr 2010– 228– 31 M) and Swedish ethical review authority (Dnr 
2019– 03416).

The percentage of individuals in the reference population clas-
sified as outside the normal limit of clinical interest according to 
the different reference materials are presented in Table 1. The 
use of the equations from Vogel resulted in fewer than the ex-
pected number of values outside the normal limit, independently 
of sex (R5 2.0% and 2.5% > ULN; X5 0.6% and 0.7% < LLN for 
females and males, respectively). For Newbury, the proportion 
of individuals with resistance values outside the ULN was lower 
than expected in females, but close to four times higher than the 
expected in males. According to the reference equations from 
Schulz, between 3 to 5 times the expected proportions of individ-
uals outside the ULN were observed for R20, depending on sex. 
Due to the marked sex differences in fit found when using the 
latter two reference sets, only the equations from Vogel were fur-
ther evaluated. Generally, a positive trend could be identified for 
both R5, X5 and R20, meaning that larger differences were found 
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TA B L E  1  Percentage of individuals in the SCAPIS reference 
population with values above the upper 95th percentile (ULN) 
for R5 and R20, or below the lower 5th percentile (LLN) for X5, 
using reference equations by SCAPIS, Vogel, Schulz and Newbury, 
stratified by sex

SCAPIS Vogel Schulz Newbury

Females

R5 > ULN 5.2% 2.0% 6.0% 2.4%

R20 > ULN 4.8% 1.2% 17.6% 2.8%

X5 < LLN 5.2% 0.6% 6.6% 1.2%

Males

R5 > ULN 5.1% 2.5% 10.6% 18.4%

R20 > ULN 4.8% 2.8% 25.7% 10.8%

X5 < LLN 5.3% 0.7% 4.4% 5.7%

Abbreviations: LLN, lower limit of normal; R5, R20, resistance (kPa/l/s) 
at 5 and 20Hz, respectively; ULN, upper limit of normal; X5, reactance 
(kPa/l/s) at 5 Hz.

www.wileyonlinelibrary.com/journal/cea
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcea.14033&domain=pdf&date_stamp=2021-10-22


356  |    RESEARCH LETTER 

with higher values. This was most pronounced for Vogel but was 
also found for Schulz.

Individuals with R5 within the normal interval (R5<ULN) accord-
ing to SCAPIS and Vogel (normal concordant group, 89% of the gen-
eral population) were compared to those with a R5>ULN in SCAPIS, 
but within the normal range according to Vogel (discordant group, 
5.4%), and those with R5 above the ULN according to both (non- 
normal concordant, 5.6%) in Table 2a. The R5 discordant group was 
more likely to be current smokers, have a BMI >30, and had approx-
imately 2- fold increases in the prevalence of reported wheeze, dys-
pnoea and asthma, when comparing to the normal concordant group. 
The highest proportions of individuals with respiratory symptoms 
were seen in the non- normal concordant group, but the differences 
between this group and the discordant group only reached statis-
tical significance for wheeze (13.5 vs. 23.7%, p = .016) and asthma 
(13.2 vs. 22.8%, p = .024). A similar stepwise negatively progressing 
pattern was seen regarding airflow limitation (FEV1/FVC<lower limit 
of normal, LLN). A normal R5 according to Vogel only was rare and 
not further assessed.

Subjects with normal X5 according to Vogel, but below LLN 
for SCAPIS (discordant group, 11.8% of the general population) 
were more likely to be obese and had a 2– 3- fold higher (p < .001) 
prevalence of wheeze, dyspnoea and asthma than subjects with 
normal X5>LLN for both Vogel and SCAPIS (normal concordant 
group, 84.6%), Table 2b. Similar differences were found regard-
ing spirometric airflow limitation. The non- normal concordant 
group (3.6%) had significantly higher prevalence of respiratory 
symptoms, FEV1/FVC<LLN and obesity, in comparison with both 
other groups. A sensitivity analysis including only subjects with 
BMI <30 showed that the discordant and non- normal concordant 
groups still had significantly more symptoms than those in the nor-
mal concordant group.

Part of the reason for the poor fit of the existing reference values 
is likely to be the differences in the definition of a reference popula-
tion. For example, the Vogel data set included a large proportion of 
smokers, Newbury included past smokers, whereas the Schulz and 
SCAPIS reference groups were all never- smokers. Further, the num-
ber of individuals needed to validate reference equations for local 
populations may be up to 150 per sex.7 Whilst the study by Vogel 
included 209 subjects (51 women) in the same age interval as the 
SCAPIS study, Newbury included slightly more than 100 persons, 
and the study by Schulz included 68 males and 94 females within the 
age range 45– 64 years.

We did not include body mass in the prediction equations of the 
SCAPIS study, which was supported by the similarity of the origi-
nal results and those from a sensitivity analysis performed, where 

we excluded subjects with BMI >30 from the general population. 
Schulz et al. used bodyweight in their equations of median values 
in for both men and women, but for the limits of normality only in 
women. Contrarily, Newbury et al. included body mass only in the 
equations for males. Neither of the mentioned studies reported 
on potential collinearity between the explanatory variables used 
in the same equation, which may or may not have resulted in re-
duced accuracy of the model.8 The link between body mass and IOS 
has been suggested to relate to altered airway mechanics, where 
morbidly obese patients with no airflow obstruction on spirometry 
showed increased respiratory resistances and decreased reactance.9 
The mechanisms behind this relationship could be attributed to de-
creased FRC with increased body mass, resulting in a lower lung 
volume and thereby decreased airway radius. However, as the cur-
rent study was cross sectional in its design, the causal link between 
weight and IOS could not be further examined, and it remains un-
clear if the inclusion of weight in the reference equation may mask a 
true negative influence on the airway.

One of the main strengths of the SCAPIS study is that it was not 
specifically designed for the rendering of reference equations but 
included a large sample of the general population. Whilst the study 
included subjects of a relatively narrow age range (50– 64 years), it 
is representing an age group where respiratory symptoms and dis-
eases become more prevalent. Further, the IOS parameters did not 
include measures such as frequency dependence of resistance (R5- 
20) or reactance area (AX). However, these parameters are wholly or 
partly based on the resistance or reactance values that were evalu-
ated, and therefore, the results presented in the current paper can 
still be used to aid the assessment of their accuracy.

In summary, neither of the other evaluated reference materials 
for IOS were found to have an acceptable fit for the Swedish middle- 
aged population described in this paper, highlighting the need for 
appropriate, preferably locally produced reference values.

Additional information about study methods and findings are 
available in the following repository: osf.io/27gcu.

Key Messages

• Existing reference values for IOS measurements were 
examined in Swedish healthy, non- smoking individuals.

• None of the evaluated external reference materials 
were found to have an acceptable fit.

• The results highlight the need for appropriate, prefer-
ably locally produced reference values for IOS.
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TA B L E  2  a and b Clinical characteristics of symptoms of the general population from SCAPIS, grouped according to R5 (a) and X5 (b) in 
relation to reference values from SCAPIS and Vogel

a) R5

Normal concordant
(G1)

Discordant
(G2)

Non- normal 
concordant
(G3)

G1 vs. G2
p- values

G1 vs. G3
p- values

G2 vs. G3
p- values(n = 3,386) (n = 206) (n = 214)

Female (%) 51.2 59.2 50.9 .094 .987 .161

Age (yrs) 57.7 (4.4) 57.5 (4.5) 57.6 (4.0) .910 .910 .910

Height (cm) 172.8 (9.6) 174.2 (10.2) 169.2 (10.1) .045 <.001 <.001

Weight (kg) 79.8 (15.1) 89.1 (18.3) 87.0 (17.7) <.001 <.001 .246

BMI <30 (%) 82.1 61.2 53.3 <.001 <.001 .125

Never smoker (%) 59.2 53.2 47.3 .061 <.001 .107

Ex- smoker (%) 32.6 33.7 31.5

Current smokers (%) 8.2 13.2 21.2

Cough (%) 17.5 22.9 28.1 .117 <0.001 .294

Chronic bronchitis (%) 4.1 6.9 6.7 .158 .158 1.00

Sputum (%) 9.0 11.2 19.6 .384 <.001 .049

Wheeze (%) 5.7 13.5 23.7 <.001 <.001 .016

Dyspnoea (%) 6.3 13.3 15.6 <.001 <.001 .618

Sick leave (%) 4.4 5.3 6.6 .743 .577 .743

Self- reported asthma (%) 7.8 13.2 22.8 .011 <.001 .020

Self- reported COPD (%) 0.8 0.5 2.5 1.00 .030 .237

FEV1/FVC <LLN* (%) 13.9 22.3 35.0 .001 <.001 .006

b) X5 (n = 3,224) (n = 451) (n = 137)

Female (%) 51.5 55.2 41.6 .156 .043 .021

Age (yrs) 57.6 (4.4) 57.8 (4.5) 57.5 (4.3) .614 .614 .614

Height (cm) 172.7 (9.7) 172.6 (9.6) 169.9 (10.2) .738 .004 .009

Weight (kg) 79.2 (14.9) 88.8 (17.5) 89.5 (16.5) <.001 <.001 .638

BMI <30 (%) 83.7 58.5 43.8 <.001 <.001 .003

Never smoker (%) 60.0 48.0 46.9 <.001 <.001 .153

Ex- smoker (%) 31.6 39.3 33.8

Current smokers (%) 8.4 12.7 19.2

Cough (%) 17.0 24.2 33.1 <.001 <.001 .062

Chronic bronchitis (%) 3.8 7.1 10.5 .004 .001 .296

Sputum (%) 8.5 14.4 24.0 .003 <.001 .016

Wheeze (%) 4.8 16.9 30.1 <.001 <.001 .002

Dyspnoea (%) 5.9 12.3 20.8 <.001 <.001 .024

Sick leave (%) 4.4 4.1 7.9 .828 .191 .191

Self- reported asthma (%) 7.6 13.1 27.2 <.001 <.001 <.001

Self- reported COPD (%) 0.8 0.7 3.2 1.00 .019 .087

FEV1/FVC <LLN* (%) 13.1 23.9 46.7 <.001 <.001 <.001

*LLN defined as lower 5th percentile according to Brisman et al.1 p- values are adjusted for triple- group comparison by the Benjamini and Hochberg 
method.
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