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Abstract

This study aims to investigate the global public interest in rheumatoid arthritis by evaluating search term popularity changes
of the disease over a decade. Google Trends was applied to retrieve search popularity scores for the term ‘rheumatoid
arthritis’ between January 2004 and December 2017, utilizing the category of “health”. Overall, relative searches volume
for rheumatoid arthritis steadily decreased from January 2004 to December 2010, and then slowly rose from January 2011
to December 2017. There were significant seasonal variations in relative searches volume for the term ‘rheumatoid arthritis’
(Amplitude =3.11; Phase: Month=4.3; Low point: Month =10.3; p <0.025). Relative searches volume peaked in April
and reached the lowest level in October. The top 11 rising topics were scleroderma, Anna Marchesini, C-reaction protein,
osteoarthritis, arthritis, joint pain, autoimmune disease, rheumatoid factor, rheumatology, methotrexate, and systemic lupus
erythematosus, ranking from high to low by relative growth of topic regarding rheumatoid arthritis. In conclusion, the
evidence from Google Trends analysis demonstrates a significant seasonal variation in rheumatoid arthritis, with a peak in
April. In addition, the top rising search queries are beneficial for physicians to search the Internet themselves for websites
that provide high-quality information to recommend to their patients.
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(YLD) [3]. Given the global health impact of RA, evaluating
the global public interest in this disease is in urgent need.
Patients can, nowadays, turn to the Internet for information
about disorders, medication, and treatments. Those patients
who have access to information about RA are prone to take a
positive role in disease management [4]. However, an effec-
tive way to measure the global public interest in RA has yet
to be determined.

One method to evaluate the public interest in a health-
related topic is to investigate Internet searches over time.
In recent years, people are increasingly referring to the
Internet for information about health care [5]. In the past
decade, the use of the Internet has increased sharply, and
searching for health information is an important application
for many users [6]. In addition, among people who seek
health-related information from a source other than a physi-
cian, nearly 40% use Internet search [6]. Google is the most
popular search engine and is used in 75% of the Internet
searches [7]. Google Trends is a website by Google that ana-
lyzes the popularity of top search queries in Google Search
across different regions and languages. The search volumes
of Google Trends are usually increased for conditions with
higher social influence or for periods with higher disease
burden. Thus, Google Trends are gaining great importance
in surveillance studies on the most epidemiologically rele-
vant diseases. Therefore, this new approach could be serving
as an effective complement to traditional data sources [8].
The previous investigations have utilized Google Trends to
better understand the way that the public searched for status
epilepticus to evaluate public awareness of the disease [9],
assess the public interest in cancer screening [10], monitor
risk of global suicide [11], and track seasonal patterns in uri-
nary tract infections [12]. A very recent study used Google
Trends to assess global public interest in osteoarthritis [13].

In the current study, we aimed to extend the work of these
previous studies using Google Trends to track seasonal pat-
terns, and investigate global public interest in RA.

Methods

The data regarding the frequency of search terms that people
put in the search box were obtained from Google Trends. To
perform easier comparisons between different terms, Google
Trends adjusts the results to the time, and location of a
search term by dividing each data point by the total searches
of the geography, and time period, and then, by scaling these
resulting numbers based on a given search term’s proportion
to all searches on a range of 0—100, the scores represent
relative search volume (RSV). The data points can be down-
loaded in Comma-Separated Values (CSV) format. To avoid
selection bias, Google Trends excludes repeated searches
from the same person in a short time.
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On December 06, 2018, Google Trends was searched and
the CSV files were exported for the query term ‘rheumatoid
arthritis’. The query was searched within the global scope
during the period of January 01, 2004 and December 31,
2017, using the “health” category. The downloaded CSV
files had 168 (12 months per year X 14 years) data points.
Ethics approval was obtained from the Ethics Committee
of Anhui Medical University. The study was carried out in
accordance with ethical standards.

Statistical analysis

The cosinor analysis was conducted to explore the seasonal-
ity. The cosinor analysis and the software utilized to execute
it are detailed in the previous studies by Barnett et al. [14,
15]. Briefly, the cosinor analysis is hinged on the following
sinusoid:

St=Acos2xt/c—P), t=1,...,n,

where A is the amplitude of the sinusoid, which explains
the size of the seasonal changes, P is the phase of the sinu-
soid, which explains where the seasonal peak occurs, c is the
length of the seasonal cycle (established at 12 for monthly
data), ¢ is the time of each data point, and » is the total num-
ber of data points.

The threshold of significance in cosinor analysis was
adjusted as p <0.025 to decrease the false discovery rate
caused by multiple testing, both sine and cosine p values
were tested for statistical significance. One of the two values
was presented (i.e., cosine p value). The Poisson model was
used for the continuous variables, and to adjust the unequal
number of days in the months, the offset was used in cosinor
functions. Moreover, a time-series plot was drew to display
the consistency in the seasonal patterns. All these statistical
analyses were performed by using the “season” package in
R version 3.4.4.

Results

Searches for RA on Google from January 2004
to December 2017

Overall, RSV for RA steadily decreased from January 2004
to December 2010, and then slowly rose from January 2011
to December 2017 (Fig. 1).

The seasonal variation in the RSV of ‘rheumatoid
arthritis’

The cosinor test showed that there was statistically sig-
nificant seasonal variation in RSV for the term ‘rheuma-
toid arthritis’ (amplitude =3.11 (absolute scale); phase:
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Fig. 1 Time-series plots for
the relative search volume of
‘theumatoid arthritis’
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Table 1 The cosinor analysis on seasonal variation in the RSV of
‘theumatoid arthritis’

Estimate Std. error z value p value
Intercept 4317 0.009 484.368 <2e716
Cosine —0.007 0.013 -0.522 0.602
Sine 0.040 0.013 3.185 0.001

The z value is the Wald statistic for testing the hypothesis that the
corresponding parameter (regression coefficient) is zero

RSV relative search volume

month =4.3; low point: month=10.3; p <0.025). RSV
peaked in April and reached the lowest level in October
(Fig. 2) (Table 1).

month

Relative growth of topic regarding RA

Term’s growth is compared to the previous time period.
According to the analysis on relative growth of topic regard-
ing RA, the top rising topics were scleroderma-topic, Anna
Marchesini-actress, C-reaction protein, osteoarthritis-topic,
arthritis-topic, joint pain-topic, autoimmune disease-topic,
rheumatoid factor-topic, rheumatology-topic, methotrexate-
medicine, and systemic lupus erythematosus, ranking from
high to low by relative growth of topic regarding RA (Table 2).

Discussion
Our results indicate that the number of searches for RA

steadily decreased from January 2004 to December 2010,
which may be due to decreasing trend in incidence and
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Table 2 Relative growth of topic regarding RA

Rank Search topic % growth
1 Scleroderma Breakout
2 Anna Marchesini Breakout
3 C-reaction protein 150

4 Osteoarthritis 140

5 Arthritis 120

6 Joint pain 90

7 Autoimmune disease 90

8 Rheumatoid factor 80

9 Rheumatology 80

10 Methotrexate 70

11 Systemic lupus erythematosus 60

Term’s growth is compared to previous time period. ‘Breakout’ is
used for term search that grew by more than 5000% compared to pre-
vious period

prevalence of RA in several countries [16—18]. However,
geographical and racial variations in the occurrence of RA
continue to exist. The number of searches for RA has grown
steadily since 2011. During the last few years, technologi-
cal advancements, such as patient-centered smartphone
applications, have enabled patients suffering from RA to
support self-management of the disease [19]. Furthermore,
the increased accessibility to health information through
the Internet has grown tremendously, even though with an
increased potential risk of disinformation [20]. This type
of search traffic data could be a very important source for
health care scientists interested in analyzing trends of differ-
ent medical conditions.

It is generally accepted that the interaction between
genetic and environmental factors plays an important role
in the pathogenesis of RA. From cosinor analysis, Google
Trends for ‘rheumatoid arthritis’ presented a specific sea-
sonality, which peaked in April and reached the lowest level
in October. Similarly, the previous study have shown that a
peak of disease activity was observed in spring, followed by
a decrease in disease activity during fall [21], which suggest
the role of environmental changes occurring during varying
seasons, such as vitamin D levels. The present study pro-
vided additional evidence for seasonality of RA. However,
there are also different views on seasonal peculiarities of
clinical course of RA. Feldthusen et al. reported fluctua-
tions in fatigue, general, and physical fatigue being signifi-
cantly greater during the winter [22]. The difference may be
explained by the different environmental conditions, medi-
cal care, patient’s condition, etc. In fact, data from Internet
sources could serve as a real-time surveillance tool and an
alert for healthcare systems, so as to allocate appropriate
resources for specific moments with higher disease burden.
Among the top rising queries, ‘scleroderma’ and ‘Anna
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Marchesini’ were the major concerns. Scleroderma, also
known as systemic sclerosis (SSc), is a chronic connective
tissue disease generally classified as one of the autoimmune
rheumatic diseases. In some cases of SSc, the disease may
overlap with other organ-specific or systemic autoimmune
diseases, such as RA [23]. Inflammatory arthritis does occur
in scleroderma, and approximately 20% may have erosive
arthritis [24]. Musculoskeletal (ME) pain is a common
complaint of SSc patients, ranging from 40 to 80%, espe-
cially in patients with early diffuse disease [25]. The main
ME symptoms are movement limitations, joint pain, and/
or swelling. Arthritis may be a feature in the initial pres-
entation of SSc, often initially misdiagnosed as RA [26].
Anna Marchesini, a popular Italian actress, has died after
battling with RA for several years. A very recent study used
Google Trends, Twitter, and Wikipedia to investigate the
impact of Anna Marchesini’s death from RA. Their results
showed that, after her death, interest for RA has remarkably
increased [27]. Thus, workers in the field of public health
and health care delivery should be aware of the importance
of mass communication. ‘C reactive protein (CRP)’ ranked
third in the top rising queries, CRP levels directly correlate
with the disease activity of various autoimmunopathies such
as RA, increased CRP level can contribute to disease pro-
gression [28]. Other related queries included osteoarthritis,
arthritis, joint pain-topic, autoimmune disease, theumatoid
factor, Rheumatology, methotrexate, systemic lupus erythe-
matosus, which cover symptoms, diagnosis, treatment, and
accompanying diseases.

Several limitations should be acknowledged in the current
study. First, although Google is the most common search
engine, it only captures the search behavior of a certain pro-
portion of the population—those having access to Internet
and those using Google rather than other search engines
(such as Baidu in China). Second, Google Trends lack the
detailed information on the method by which Google gen-
erates these search data and the algorithms that it employs
to analyze it. Third, we also had no access to the demo-
graphic data of the users who searched for RA, and thus,
subgroup analyses stratified by these parameters could not be
performed. Despite these limitations, the current study also
has strengths, which include the large and exhaustive amount
of data, the long period of observation, and the global areas
covered.

Although some privacy issues exist in using Google Web
search data, tracing individuals that conduct online searches
when signed into their accounts and recording and analyzing
data about users’ characteristics, such as gender and age,
intent of web search, and “search outcomes” could improve
the usefulness of this tool for public health and health educa-
tion purposes [13].

In summary, this study provided another line of evidence
of a seasonal variation in RA, and Google searches for RA
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have steadily increased in recent years. In addition, a sig-
nificant digital interest has been reported towards RA in
recent years. The great majority of this interest is expressed
by various concerns of people or RA patients regarding the
symptoms, diagnosis, accompanying diseases, and drugs
employed in the treatment of RA. Therefore, physicians
should be aware of the commonly raised topics by these
patients to give appropriate answers and education, which
may improve their quality life and/or to prevent unnecessary
worries.
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