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Abstract
Background: In allergic rhinitis, a relevant outcome providing information on the effec-
tiveness of interventions is needed. In MASK-air (Mobile Airways Sentinel Network), 
a visual analogue scale (VAS) for work is used as a relevant outcome. This study aimed 
to assess the performance of the work VAS work by comparing VAS work with other 
VAS measurements and symptom-medication scores obtained concurrently.
Methods: All consecutive MASK-air users in 23 countries from 1 June 2016 to 31 
October 2018 were included (14 189 users; 205 904 days). Geolocalized users self-
assessed daily symptom control using the touchscreen functionality on their smart 
phone to click on VAS scores (ranging from 0 to 100) for overall symptoms (global), 
nose, eyes, asthma and work. Two symptom-medication scores were used: the modi-
fied EAACI CSMS score and the MASK control score for rhinitis. To assess data qual-
ity, the intra-individual response variability (IRV) index was calculated.
Results: A strong correlation was observed between VAS work and other VAS. The high-
est levels for correlation with VAS work and variance explained in VAS work were found 
with VAS global, followed by VAS nose, eye and asthma. In comparison with VAS global, 
the mCSMS and MASK control score showed a lower correlation with VAS work. Results 
are unlikely to be explained by a low quality of data arising from repeated VAS measures.
Conclusions: VAS work correlates with other outcomes (VAS global, nose, eye and 
asthma) but less well with a symptom-medication score. VAS work should be considered 
as a potentially useful AR outcome in intervention studies.
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asthma, MASK, rhinitis, score, visual analogue scale
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1  | INTRODUC TION

In allergic rhinitis (AR) and asthma, a relevant outcome providing in-
formation on the cost-effectiveness of interventions is needed. EQ-
5D, a validated measure of quality of life, has been used in AR1-7 but 
it cannot be assessed daily.

MASK-air (Mobile Airways Sentinel NetworK) is an information 
and communication technology (ICT) system centred around the pa-
tient (Supporting information)8-13 and operational in 23 countries. It 
uses a treatment scroll list which includes all medications customized 
for each country as well as visual analogue scales (VASs) to assess 
global allergy, rhinitis, eye and asthma control. Over 30 000 users 
and 250 000 VAS days have been recorded. A pilot study found a 
highly significant correlation between VAS work and other VAS mea-
surements (global, nose, eyes and asthma).14

Symptom-medication scores (SMSs) are also needed to inves-
tigate the effect of AR treatments, in particular allergen immuno-
therapy (AIT).15 The European Academy of Allergy and Clinical 
Immunology (EAACI) has defined the combined symptom and medi-
cation score (CSMS) for AIT trials.16

Surveys collect information but data quality is a concern: in par-
ticular, insufficient effort responding (IER), a phenomenon by which 
respondents try to complete the questionnaire with the shortest 
time without providing reliable information.17 This can result in 
respondents providing the same value for all questions, which will 
artificially increase the correlation between items.18 Several meth-
ods are used to assess data quality including the intra-individual re-
sponse variability (IRV) index, a flexible way to detect IER.17

This study aimed to compare VAS work with other VAS measure-
ments and SMSs obtained concurrently. In order to investigate data 
quality, we also assessed the IRV index.17

2  | METHODS

2.1 | Users

All consecutive MASK-air users from 1 June 2016 to 31 October 
2018 were included with no exclusion criteria, according to methods 
previously described.19-21 MASK-air® was used by people who found 
it on the Internet, Apple store, Google Play or in any other way. Some 
users were clinic patients who were asked by their physicians to use 
the app. This was the case for the transfer of innovation project.22 
However, due to anonymization of data, no specific information 
could be gathered, as previously described in detail.19,23

2.2 | Setting

Users from 23 countries filled in the MASK-air Allergy Diary (Table 1).

2.3 | Ethics

The Allergy Diary is CE1. CE marking indicates conformity with 
health, safety and environmental protection standards for products 

G R A P H I C A L  A B S T R A C T
VAS work can be used as a measure of cost-effectiveness of interventions in allergic rhinitis. Strong correlations were observed between 
VAS work and other VAS scores, which are unlikely to be explained by a low quality of data arising from repeated VAS measures. Lower 
correlations were observed between VAS work and SMSs, suggesting that better SMSs need to be defined to investigate the effect of 
allergic rhinitis treatments.
Abbreviations: mCSMS, modified Combined Symptom Medication Score; SMSs; Symptom Medication Scores (SMSs); VAS, Visual Analogue 
Scale
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made in the EU and meets the essential requirements of all relevant 
European Medical Device Directives.24 The data were anonymized.

An independent Review Board approval was not required since 
the study is observational and users agreed to have their data anal-
ysed (terms of use).

2.4 | MASK-air® and outcomes

Geolocalized users self-assessed daily symptom control using the 
touchscreen functionality on their smart phone to click on VAS 
scores (ranging from 0 to 100) for overall symptoms (global), nose, 
eyes, asthma and work—asked in this order—with several other 
screens in between (Figure S1). Users input their daily medications 
using a scroll list containing all country-specific OTC and prescribed 
medications for each country.

Two SMSs were used: the modified EAACI CSMS score,16 ac-
counting for a new medication that did not exist when it was devised 
(Table 2), and the MASK control score for rhinitis proposed accord-
ing to existing data13 (Table 3). Medications considered in the study 
are detailed in Table S1.

2.5 | Statistical methods and analyses

A non-Gaussian distribution was found for the data. Nonparametric 
tests and medians (and percentiles) were used. Some users reported 
VAS scores more than once a day, and we used the highest level.13

For each score, we calculated and compared: (a) the within-sub-
ject correlation with VAS work (calculated using fixed-effect models 

TA B L E  1   Number of users recording visual analogue scale score using MASK-air® by country

Country Number of days Number of users Number of days per user (median, p25-p75) Transfer of innovation

Argentina 1522 136 2 [1-6.5] No

Austria 5348 498 1 [1-4] No

Australia 2080 180 2 [1-7.5] No

Belgium 1456 168 1 [1-6] No

Brazil 8299 1336 1 [1-4] No

Canada 204 31 2 [1-4] No

Czech republic 1078 51 3 [1-17] Yes

Denmark 993 103 2 [1-6] No

Finland 3612 360 2 [1-5] No

France 6794 911 1 [1-3] Noa 

Germany 14 877 895 2 [1-13] Yes (partly)

Greece 7824 320 10 [2-28] RCT

Italy 29 889 1562 2 [1-11] Yes

Lithuania 20 881 572 9.5 [2-36] Yes

Mexico 44 123 1225 15 [4-45] Yes

Netherlands 7509 944 2 [1-5] No

Poland 10 295 914 2 [1-6] No

Portugal 11 310 1506 2 [1-4] No

Spain 14 880 771 4 [1-17] RCT

Sweden 1359 131 2 [1-7] No

Switzerland 3955 815 1 [1-2] No

Turkey 2595 238 2 [1-5] No

UK 5021 522 2 [1-8] No

Total 205 904 14 189

Abbreviations: RCT, trial was carried out in the country.
aThe transfer of innovation was started late and could not be considered in the study 

TA B L E  2   Definition of the modified EAACI CSMS

•	 mCSMS =
SymptomScore+Medication Score

2
, where symptom score is the 

0-100 global VAS score, and medication score is a 0-100 score 
depending on the medication taken. For the latter, we used the 
following proposed scoring system:

•	 no medication = 0 points;
•	 oral nonsedative H1 antihistamines (H1A) lone = 100×

1

4
= 25 

points;
•	 intra-nasal corticosteroids (INCS) – except Azelastine-

Fluticasone Propionate combination (MPAzeFlu) - with/without 
H1A = 100 ×

2

4
= 50 points;

•	 MPAzeFlu = 100 ×
3

4
= 75 points;

•	 oral corticosteroids with/without INCS, with/without H1A, with/
without MPAzeFlu = 100 points.
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using the Stata xtreg command) and (b) the variance explained in 
VAS work (which corresponds to the correlation measured in (a) 
squared). Only person-days with a reported VAS work were tested. 
Differences in correlations by gender, age (above versus below me-
dian age—ie 32  years old) and season (pollen season—ie from 15 
March to the end of June, versus the period outside pollen season—
ie from August to December) were investigated. Regarding VAS 
asthma, since not all users are asthmatic, a lot of nonasthmatic users 
will fill in a VAS asthma of 0 (no missing information is allowed) when 
using the app. Therefore, differences in the correlation between 
VAS work and VAS asthma by asthma status were investigated.

The intra-individual response variability (IRV) index was calcu-
lated, based on answers to the five VAS scores, to detect IER.17 All 
person-days were tested. The IRV is the standard deviation of re-
sponses across a set of consecutive item responses for an individual. 
It is an indicator of insufficient effort responding.

The number of days of reporting per user was examined and a 
Mann-Whitney U test was used to make comparisons in countries 

where physicians were including patients using the transfer of inno-
vation (Twinning) project22 and in countries where this was not the 
case. This analysis was repeated after excluding countries with low 
numbers of users (eg Canada and Czech Republic).

3  | RESULTS

3.1 | Users

The study included 14  189 users and 205  904  days (Table 1). 
Approximately 5% of users did not report their age or reported an 
age below 10. Users ranged in age from zero to 92 years (mean, 
SD: 32.1 ± 15.3 years). There were 55.3% women and 44.7% men. 
98 303 days were tested for VAS work correlations. In this group, 
there were 53 241 (54.2%) days without treatment (Figure 1).

3.2 | Main results

A strong correlation was observed between VAS work and other 
VAS (Table 4). The highest levels for correlation with VAS work and 
variance explained in VAS work were found with VAS global, fol-
lowed by VAS nose, eye and asthma. In comparison with VAS global, 
the mCSMS and MASK control score showed a lower correlation 
with VAS work and explained less variance in VAS work.

The within-subject correlation between VAS work and VAS 
global did not vary by age, gender or season. For the other out-
comes, the within-subject correlation with VAS work did not vary 
substantially between males and females (ie difference of less than 
5%) or between days recorded during and outside the pollen season 
(ie difference of less than 4%). When we stratified by median age (ie 
32 years old), the correlation varied the most between VAS work and 
VAS eyes (ie within-subject correlations of 0.60 for days recorded 
by older users and 0.52 for days recorded by younger users) and be-
tween VAS work and VAS asthma (ie within-subject correlations of 
0.48 for days recorded by older users and 0.40 for days recorded by 
younger users).

The within-subject correlation between VAS work and VAS 
asthma was higher in days recorded by users who reported asthma 
when they started using the app, compared to days recorded by 
users who did not report asthma (r = .54 vs .38).

3.3 | Intra-individual response variability

Of the 205 904 person-days, there was no variability in 35 592 days 
(17.3%) (users respond with the same value to all five VAS). 35 373 
(99.4%) of them corresponded to a value of zero (no symptoms) an-
swered to all questions. Without counting person-days with all vari-
ables at zero, 48 086 person-days (23.4%) had an IRV ≤ 3.6 (Table 5). 
An IRV of 3.6 implies a difference of up to 10 points (on a 0-100 point 
scale) in at least one of the VAS measures.

TA B L E  3   Definition of the MASK rhinitis control score

The MASK rhinitis control score was equal to 1 if:
1. VAS global ≥ 50/100
or
2. VAS global ≥ 35 with the use of INCS-containing medication
or
3. VAS global ≥ 20 with the use of at least 3 medications
The MASK rhinitis control score was equal to 0 otherwise.

F I G U R E  1   Flow chart of the study population

211 003 VAS recorded 
between 1 January 2016 
and 31 December 2018

205 904 single VAS days 
recorded between 2016 

and 2018
(14,189 users)

45 062 days with 
treamtent

- 5099 duplicates or mul
plicates

53 241 days without 
treamtent

98 303 single VAS days 
recorded between 2016 

and 2018
with VAS work

- 107 601 days without VAS work
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As a post hoc analysis, we recalculated the correlations with VAS 
work and variances explained in VAS work, after excluding per-
son-days with low intra-individual response variability (ie defined as 
IRV ≤ 3.6) and similar results were obtained (Table S2).

3.4 | Number of days of reporting

The number of days of reporting per user was significantly greater 
in countries where a transfer of innovation was carried out than 
in those that did not perform this project (P for Mann-Whitney U 
test =  .0001) (Table 1). When this analysis was repeated after ex-
cluding countries with low numbers of users (eg Canada and Czech 
Republic), the difference remained highly statistically significant (P 
for Mann-Whitney U test < .0001).

4  | DISCUSSION

The strengths of the study are the sample size and the wide distribu-
tion of users in 23 countries and 17 languages. There is one strong 
message and two extra messages. First, there is a high correlation 
between VAS work and rhinitis control assessed by VAS global or 
nose. Second, the strong correlations we observed between VAS 
work and other VAS scores are unlikely to be explained by a low 
quality of data arising from repeated VAS measures. Third, in com-
parison with VAS global, the two SMSs showed a lower correlation 
with VAS work and explained less variance in VAS work.

Our results are unlikely to be explained by a low quality of data 
arising from repeated VAS measures: (a) VAS work is the last VAS 
measure assessed, and it is measured after 5 screens without any 
VAS question, which makes it more difficult to reproduce the pre-
vious VAS (Figure S1); (b) correlations differ between outcomes; (c) 
over 99% of the person-days with no variation in the five VAS mea-
sures corresponded to a value of zero answered to all of them, which 
is plausible in days with no symptoms; (d) a very low variability in 
VAS measures was assessed by taking a cut-off of IRV index below 
3.6. Although other cut-off values could be used, this represents a 
realistic maximal difference of 10 points on a 0-100 point scale of 
some of the VAS measures. Only 23.4% of person-days had a low 
variability in the response to several questions and were suspected 
of engaging in IER. However, this is an upper bound, as low variabil-
ity in responses is actually possible in reality (ie on days in which the 

patient has the same or similar degree of impairment for all ques-
tions); (e) the strong correlations found between the different scores 
and VAS work were not substantially reduced when person-days 
with low intra-individual response variability were excluded from 
the analyses, suggesting that they are not “artificially” driven by IER.

In order to determine the relative cost-effectiveness of new in-
terventions, many countries propose to conduct a health economic 
evaluation either by adopting a healthcare perspective only or by 
adding a societal perspective aiming to include all relevant effects 
and costs.25 Productivity costs are frequently omitted from eco-
nomic evaluations, despite their often strong impact on cost-effec-
tiveness outcomes, partly because of the lack of standardization 
regarding the methodology of estimating productivity costs.26 
Allergic rhinitis impairs quality of life27 but never induces death. 
Thus, the decision analytic modelling (DAM) model may be difficult 
to apply.28 EQ5D is impaired in severe AR whereas work productivity 
is often impaired in moderate AR.29 Thus, VAS work may be a more 
sensitive surrogate end point to assess the economic evaluation of 
an intervention in AR. Moreover, a daily assessment of work produc-
tivity can be carried out with VAS. Using the novel feature of MASK, 
the integration of pollen season and air quality the same day as VAS 
work will provide a very sensitive outcome on health economics for 
clinical trials. In clinical practice, VAS global may be more relevant. 
To our knowledge, limitations of real-world data using an app are the 
same for all VAS measurements. VAS work validation was not done 
since this criterion was not included in the first version of the app.

In comparison with VAS global, the two SMSs showed a lower 
correlation with VAS work, and explained less variance in VAS work. 
This is probably because we used simple methods to assess SMSs 
and more sophisticated analyses are needed. In particular, it seems 
that adding the same coefficient to a symptom score or a VAS level 
may not be optimal. From the real-world evidence from MASK,13,21 
it appears that (a) medications may have a different efficacy depend-
ing on rhinitis control level: higher impact for a lower VAS level and 
lower impact for a higher VAS level and (b) co-medication may be 
considered. New SMS are therefore needed.

One of the major problems with apps is the low adherence to 
their use. Achieving sufficient mHealth App engagement and user 
retention rates is a difficult task. In MASK, over 50% of the users 
use the app only once. Differences in the duration of reporting were 
found. It is clear that in countries where many patients have been 
enrolled by physicians during a transfer of innovation, the duration 
of reporting is longer than in countries where this protocol was not 

TA B L E  4   Within-subject correlations between VAS work and other rhinitis scores

Number of 
days

Continuous scores
Binary score MASK 
control scoreVAS global VAS nose VAS eyes VAS asthma mCSMS

Median, 25%-75% (continuous 
outcomes) or % (binary outcome)

98 303 11 [1-29] 12 [1-30] 3 [0-18] 0 [0-9] 25 [3-56] 84% controlled 16% 
uncontrolled

Within-subject correlation with VAS 
work

98 303 0.73 0.68 0.56 0.45 0.56 0.54

Variance explained in VAS work 98 303 0.53 0.46 0.32 0.20 0.31 0.29
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used. This information should be carefully considered to increase ad-
herence to MASK use.

5  | GENER ALIZ ABILIT Y

The data obtained were retrieved from 23 countries. Although there 
was no specific study in the different countries, the results appear 
generalizable.

6  | CONCLUSION

This study suggests that VAS work can be used as a surrogate end point 
for the assessment of health economics in rhinitis and that symptom-
medication scores tested with real-world data need to be improved.
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measures: (0,0,1,0, missing)

0.548 1003 Two VAS measures differ in 1 unit from the rest. For example, 
providing the following values for the five VAS measures: 
(8,7,8,8,7)

1 1330 Variations of 3 units among the VAS measures. For example, 
providing the following values for the five VAS measures: 
(42,41,42,40,40)

1.5 1431 One of the VAS measures differs in 3 units from the rest 
(among person-days that have one missing value). For 
example, providing the following values for the five VAS 
measures: (22,22,19,22, missing)

2 690 Variations of 5 units among the VAS measures. For example, 
providing the following values for the five VAS measures: 
(26,24,27,22,26)

3.6 44 Variations of up to 10 units among the VAS measures. For 
example, providing the following values for the five VAS 
measures: (56,52,50,51,46)

Total ≤ 3.6 48 086 
(23.4%)a 

aNot counting person-days with all 0 values. 

TA B L E  5   Intra-individual response 
variability (ie based on answers to the five 
VAS scores)
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