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ABSTRACT

Real-world data represent an increasingly important source of knowledge in health care. However,
assessing their representativeness can be challenging. We compared (i) real-world data from a
mobile app for allergic rhinitis (MASK-air®) on the usage of oral H1-antihistamines from 2016 to
2020 in 10 European countries with (ii) Google Trends data on the relative volume of searches for
such antihistamines. For each country, we sorted 5 different oral H1-antihistamines by their fre-
quency of use and volume of searches. We found perfect agreement on the order of antihistamine
use in MASK-air® and in Google Trends searches in 4 countries (France, Germany, Sweden, and
the United Kingdom). Different levels of agreement were observed in the remaining countries
(kappa coefficient from —0.50 to 0.75). Oral H1-antihistamine data from Google Trends and
MASK-air® were consistent with nationwide medication sales data from France, Germany, and the
United Kingdom. These results suggest that MASK-air® data may be consistent with other sources
of real-world data, although assessing the representativeness of their users may require further
studies.
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TO THE EDITOR

apps and activity of Internet users, frequently
assessed by Google Trends (a tool which quan-
tifies the relative volume of searches on a given
topic/term in the Google Search engine for a given
location and time period).? These sources,
however, have important limitations.* For both
mobile apps and Google Trends, the users’
representativeness may be a matter of concern.
In addition, Google Trends can be heavily

Real-world data on allergic rhinitis (AR) can
provide valuable information, notably regarding
patients’ symptoms and behaviours.”* Important
sources of real-world data on AR include mobile
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influenced by media coverage,® as it assesses
health information-seeking behaviour® (that is,
the relative volume of searches is not only
influenced by the real epidemiology of the
diseases being assessed, but also by the
attention they get in the media).”

Comparing data from these different sources,
with a subsequent assessment of consistency of
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Fig. 1 Panel representing agreement between the area under the curve (AUC) for Google Trends and MASK-air datasets for each country.
Each point represents the relative AUC for Google Trends or MASK-air®

results, may help to understand the extent of such
limitations. Therefore, as a case-study, we
compared data from both Google Trends and a
mobile app for AR (MASK-air®), in order to (i)
assess oral H1-antihistamine (OAH) usage patterns
in 10 different European countries and (ii) assess
whether the OAHs most frequently reported in
MASK-air® are the most frequently searched on
Google Trends.

We retrieved MASK-air® data on the reported
use of cetirizine, levocetirizine, fexofenadine, lor-
atadine, and desloratadine for AR from January 1,
2016 to December 6, 2020. We selected these
OAHs as they were the most frequently reported in
MASK-air®. MASK-air® (www.mask-air.com) is a
mobile app freely available in 28 countries and in
which users are asked on a daily basis to report
their AR symptoms and to enter their AR medica-
tions using a regularly updated list that contains all
country-specific medications. MASK-air® follows
the General Data Protection Regulation, all data
are anonymised (including geolocation data) by
means of k-anonymity, and users accept to have

their data analysed for scientific purposes in the
terms and conditions.

In addition, we searched Google Trends from
January 1, 2016 to December 6, 2020 entering
the following keywords as search topics: “Cetir-
izine", "Levocetirizine”, “Fexofenadine”, “Lor-
atadine”, and "Desloratadine”. We retrieved
MASK-air® and Google Trends data for the 10
European countries for which MASK-air® and
Google Trends data were deemed of sufficient
guantity and good quality, respectively (ie,
France, Germany, ltaly, Netherlands, Poland,
Portugal, Spain, Sweden, Switzerland, and the
United Kingdom).

MASK-air® daily medication data and Google
Trends Relative Search Volume (RSV) data were
aggregated on a monthly basis for each country
(by averaging and summing respectively). They
were then presented as a relative frequency (on a
0-100 scale, in function of the maximum value per
country). To estimate the ”"popularity” of each
OAH per country, we calculated the areas under
the curve (AUC) (from the plots of (i) MASK-air®
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OAH monthly reported use, and (ii) online
searches on OAH per month) using the trape-
zoidal rule:®

b
/ f(x)dx=(b—a) f(a);&

where a and b correspond to the first and last
months of a given time interval.

With data from both MASK-air® and Google
Trends searches, we sorted the yearly OAH data
from the "most popular” (highest AUC) to the “least
popular” (lowest AUC), for each country. The line-
arly weighted kappa coefficient for ordinal scales
was used to assess the agreement on the “popu-
larity order” of OAHSs in Google Trends and MASK-
air® data. Finally, because MASK-air® is solely
meant to be used by patients with AR, and
searches in Google Trends are not necessarily
from patients with AR, we further calculated the
AUC and agreement between MASK-air® and
Google Trends data when considering only the
pollen season months (March to June).” Our aim
here was to minimise the impact of antihistamine
searches for reasons other than AR.

In 4 countries (France, Germany, Sweden, and
the United Kingdom), the order of OAH “popu-
larity”, as assessed by the AUC in MASK-air® and
Google Trends, was exactly the same (Fig. 1 and
Table 1). In 2 additional countries (Portugal and
Switzerland), the OAH with the greatest AUC was
the same for both Google Trends and MASK-air®
data. In the Netherlands, OAH usage in MASK-
air® and Google Trends was similar (the average
difference between MASK-air® and Google
Trends data was 4.1%), in spite of poor
agreement (Fig. 1 and Table 1). Agreement was
poorer for Italy, Poland, and Spain. The average
difference between Google Trends and MASK-
air® data ranged from 2.7% (United Kingdom) to
17.9% (ltaly) (Table 1). The calculated kappa
coefficient for agreement between MASK-air®
and Google Trends data was 0.575 (0.511-0.694
in the leave-one-out sensitivity analysis)
(Supplemental Table 1). Restricting our analysis to
data from the pollen season yielded a kappa
coefficient of 0.600 (0.556-0.722 in the leave-

one-out  sensitivity
Tables 2 and 3).

analysis)  (Supplemental

Except for Portugal, similar seasonal patterns
were observed for variations in MASK-air®-re-
ported OAH use and in Google Trends RSV, as
seen by an increase in RSV in Google Trends and
an increase in OAH use in MASK-air® during the
pollen season (Supplemental Figure 1).

In an ancillary analysis, we compared our results
with nationwide medication sales data obtained
from the IQVIA PharMetrics® Plus database.® We
only had access to the 2016-2018 data from the
6 European countries with the highest sales for
AR medication (France, Germany, ltaly, Poland,
Spain, and the United Kingdom) (Supplemental
Table 4). Importantly, this list of countries
includes the 3 countries for which we had found
a poorer agreement between Google Trends and
MASK-air® data. We found our data (from both
Google Trends and MASK-air®) to be consistent
with the sales data from France, Germany, and
the United Kingdom (with the same order of
OAH “popularity” being observed for MASK-air®,
Google Trends and sales). For the other
countries, the sales data were consistent with
Google Trends data, but less consistent with
MASK-air® data, except for Poland, in which both
Google Trends and MASK-air® data differed
from the sales data (Fig. 1 and Supplemental
Table 4).

Real-world data are emerging as new sources of
clinical evidence,? which can provide insight into
patient experiences, treatments, and outcomes in
real-world scenarios.”® Google Trends and
mobile apps are 2 important sources of real-
world data. There has been a growth in the publi-
cation trends of infodemiology studies, such as
those based on Google Trends data, since their
inception in 2002."" Likewise, data obtained from
mHealth solutions have increasingly been playing
a role in the allergy field." The 2020 update of
the Allergic Rhinitis and Its Impact on Asthma
(ARIA) guidelines for AR now incorporate real-
world evidence from MASK-air®.'*  This
reinforces the need for assessing and comparing
different sources of real-world data. In spite of
this, to the best of our knowledge, this is the first
study to compare online search interest and
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MASK-air® user data (AUC (%))

Cetirizine Levocetirizine

France 236.8 (24.7) 178.3 (18.6)
Germany 434.9 (34.2) 40.6 (3.2)
ltaly 187.8 (23.1) 190.1 (23.4)
Netherlands 335 3279 168.2 (14.0)
Poland 130.1 (7.3) 488.4 (27.3)
Portugal 373.7 (34.4) 168.8 (15.5)
Spain 467.9 (21.7) 110.5 (5.1)
Sweden 26.9 (5.3) 0
Switzerland 380.0 (44.4) 106.7 (12.5)
UK 389.8 (39.6) 3.6 (0.4)

Desloratadine Loratadine Fexofenadine
480.1 (50.2) 53.9 (5.6) 8.0 (0.8)
261.6 (20.6) 379.7 (29.8) 156.3 (12.3)
377.7 (46.4) 33.6 (4.1) 24.2 (3.0)
4471 (37.2) 100.0 (8.3) 152.6 (12.7)
597.1 (33.4) 155.3 (8.7) 417.0 (23.3)
384.3 (35.4) 89.7 (8.3) 70.6 (6.5)
711.6 (33.0) 186.0 (8.6) 677.7 (31.5)
342.5 (67.5) 117.5 (23.2) 20.4 (4.0)
125.6 (14.7) 36.2 (4.2) 207.6 (24.3)

26.8 (2.7) 342.4 (34.8) 220.9 (22.5)

Table 1. Area under the curve (AUC) for each OAH, per country. a. Average percentage difference between MASK-air® and Google Trends data

mHealth data on medication usage with nation-
wide medication sales. Our study found an overall
reasonable agreement between Google Trends
and MASK-air® data on OAH “popularity”, as
supported by the calculated kappa coefficient'®
and the average difference between MASK-air®
and Google Trends data (Fig. 1 and Table 1).
More importantly, for several countries, we found
the data from MASK-air® to be consistent with
both Google Trends data and data from
nationwide medication sales.

This study has some limitations. It is possible
that MASK-air® medication usage is under-
reported. However, this information bias is prob-
ably non-differential regarding drug, country and
season. Also, while MASK-air® data refer exclu-
sively to patients with AR, data regarding antihis-
tamines in Google Trends include those from
searches performed for any reason, not only AR. To
account for this, we performed an additional
analysis where we restricted Google Trends and
MASK-air® data on antihistamines to the pollen
season. We found similar results, with a slight in-
crease in agreement (kappa coefficient increased
from 0.575 to 0.600). Importantly, the kappa co-
efficient considers only the relative “popularity” of
each OAH, disregarding the closeness of data
between MASK-air® and Google Trends. There-
fore, our conclusions are jointly based on (i) the
calculated kappa coefficient for agreement

between ordinal scales; (ii) the average difference
between different sources of real-world data; and
(iii) the visual assessment of Fig. 1. Furthermore,
we did not have access to nationwide sales data
for the whole studied period and for four of the
countries for which Google Trends and MASK-
air® data had shown a moderate agreement.
Additionally, we assessed only the top 5 reported
OAHs in MASK-air®, which do not include the
more recent generation OAHSs, such as bilastine,
mizolastine, ebastine and rupatadine. RWD on
these OAHSs, particularly data from Google
Trends, is of poorer quality, and more studies
assessing the data on the use of these more
recent generation OAHs in AR are needed.

In conclusion, although we found some across-
country differences in the agreement between
Google Trends and MASK-air® data, in most
countries, the order of OAH searches on Google
Trends was close or equal to that in which they
were reported in MASK-air®. Our results suggest
that, regarding medication use, data from MASK-
air® users are consistent with other sources of
real-world data regarding medication use,
although assessing the representativeness of
mobile app users may require further observa-
tional studies. These findings underline the val-
idity of MASK-air® in allergy research as, unlike
other sources of real-world data such as Google
Trends and nationwide medication sales, they
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Google Trends Relative Search Volume (AUC (%)) ﬁ;ﬁ;ﬁg:c? col(e:f?gi,:nt

Cetirizine | Levocetirizine | Desloratadine | Loratadine A Fexofenadine

435.7 (28.9) 157.7 (10.5) 760.2 (50.5) 87.3(5.8) 65.7 (4.4) 3.3 1.00
517.5 (54.7) 33.0 (3.5) 118.2 (12.5) 211.5 (22.3) 66.6 (7.0) 8.3 1.00
592.3 (61.2) 85.5(8.8) 157.8 (16.3) 65.2 (6.7) 66.5 (6.9) 17.9 0.25
576.1 (32.0) 268.4 (14.9) 550.0 (30.5) 243.8 (13.5) 163.8 (9.1) 4.1 0.50
6764 (29.1) 243.9 (10.5) 293.7 (12.6) 466.0 (20.0) 652.0 (28.0) 15.1 —0.50
586.9 (28.6) 217.3 (10.5) 852.9 (41.3) 169.1 (8.2) 235.0(11.4) 4.4 0.50
652.6 (39.0) 43.6 (2.6) 458.6 (27.4) 419.9 (25.0) 98.8 (5.9) 13.5 0.25
224.2 (15.4) 7.7 (0.5) 632.4 (43.5) 460.7 (31.7) 129.6 (8.9) 9.6 1.00
512.4 (31.8) 286.0 (17.7) 322.1 (20.0) 192.5(11.9) 299.4 (18.6) 7.3 0.75
557.6 (40.0) 26.8(1.9) 37.1(2.7) 392.7 (28.2) 378.8 (27.2) 2.7 1.00

Table 1. Area under the curve (AUC) for each OAH, per country. a. Average percentage difference between MASK-air® and Google Trends data

allow us to look at individual co-medication pat-
terns and combinations with individual exposure
and severity of disease.

Abbreviations

AR, Allergic Rhinitis; ARIA, Allergic Rhinitis and its Impact
on Asthma; AUC, Area Under the Curve; OAH, Oral H1-
antihistamines; RSV, Relative Search Volume.
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