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❚❚ ABSTRACT
Objective: Headache and rhinitis are highly prevalent and comorbid. The objective of the present 
study is to analyze the correlation of headache and rhinitis, in addition to the temporal pattern 
of these diseases in 17 years, using the Google Trends platform. Methods: Google Trends was 
searched from January 2004 to June 2021, using the entry: [“rinite” (rhinitis) + “dor de cabeça” 
(headache)” + “Alzheimer” + “enxaqueca” (migraine)]. Migraine, primary headache, and 
Alzheimer’s, with no clear relation with headache, were used as controls. After the descriptive 
analysis by dispersion diagrams, Pearson’s test and a simple regression model were performed. 
Subsequently, this study analyzed the seasonality of the volume of research on rhinitis and 
headache. Results: A strong correlation between rhinitis and headache (0.86) was found in the 
time interval analyzed. In addition, a seasonality was identified in the volume of searches for the 
term rhinitis with increased volume in the fall and peaks in the month of May, with a decrease 
in the spring and early summer. Moreover, an increase of searches on headache was observed, 
suggesting worse burden of this pathology. Conclusion: Headaches and rhinitis were correlated 
in 17 years of research on the Google Trends platform. Circannual variation of both conditions 
was observed. Additional studies with digital research may be useful to better understand the 
epidemiology and comorbidities of headache.
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❚❚ INTRODUCTION
Healthcare research has been increasingly using search engine data, since they 
provide valuable information on disease patterns and population behavior.(1) 

Google Trends is a tool to collect this kind of information.(2) It is a free online 
geographical and temporal analysis of the Google Search engine, which receives 
over three billion daily searches.(2)

Google Search data has been used as a research tool in many publications 
in the medical field, with a wide range of methods and applications. A recent 
review analyzed 70 articles, covering several topics such as infectious diseases, 
mental health, non-communicable diseases, and population behavior.(3) 
Another example of search engine data used for medicinal research was  
Google Flu Trends.(4) This was a highly impactful tool, created by Google itself, 
providing data on influenza-like symptom queries in over 25 countries and over 
ten countries for searches on dengue. The database citations were comparable 
to the average citations of a scientific paper, with an increase in publications 
over time.(5)

A systematic review analyzed the validation of Google Trends as a research 
method, and in order to attribute better reproducibility and thereby reliability 
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to the tool, surveys need greater transparency in the 
methodology. In this way, systematization has given 
Google Trends greater confidence. No studies with 
the method in the Brazilian context were found.(1)

Headaches and sinus disorders have been linked 
in several ways. Rhinitis – commonly referred to as 
hay fever – and chronic headaches are both highly 
common conditions that coexist in the general 
world population.(6) Exploring further aspects 
relating headaches and rhinitis may lead to a 
better understanding of mechanisms and potential 
management of these disorders.

Headache may be a symptom of several disorders, 
or the main aspect in the condition as in primary 
headaches, such as migraine and tension-type 
headaches. Primary headaches are very common 
worldwide and comprise the three most disabling 
neurological conditions.(7) Comorbidity with psychiatric 
and other medical conditions often occur, and allergic 
rhinitis is also frequently associated.

The International Consensus Statement on 
Allergy and Rhinology defines allergic rhinitis as an 
immunoglobulin E (IgE)-mediated inflammatory 
nasal condition resulting from allergen introduction 
in a sensitized individual. The prevalence of rhinitis 
varies from 10 to 40% of the population.(8) Allergic 
rhinitis can result in significant disability, due to its 
secondary effects in sleep quality, exercise tolerance, 
fatigue and irritability, depression and cognition, sexual 
dysfunction, leading to loss of productivity.(9,10)

Chronobiology, the branch of biology that studies 
periodic physiological activities in living organisms, is 
a topic of intersection between rhinitis and headaches. 
Although rhinitis has an established seasonal pattern 
worldwide, and some headaches also present with 
clear cut seasonal variance, there have been no studies 
to determine the relationship between these two 
conditions.

Recent studies show that in many cases the diagnosis 
of primary headaches is underdiagnosed, leading to 
drug treatment for allergic rhinitis, causing treatment 
delay and error, with several associated comorbidities. 
Understanding the correlation between diseases, their 
behavior pattern, and the population’s understanding 
of the topic is important for the correct diagnosis and 
treatment of diseases.(11)

In order to shed light on the association of 
headache and rhinitis, using a digital epidemiology 
methodology, the objective of this study is to 
investigate the correlation between them and their 
temporal pattern in a search engine database.

❚❚ OBJECTIVE
Headache and rhinitis are highly prevalent and 
comorbid. This study aims to analyze the correlation 
between headache and rhinitis in Brazil, in addition to 
the temporal pattern of these diseases in 17 years, using 
the Google Trends platform.

❚❚METHODS
On June 16th, 2021, Google Trends website was searched 
for the terms “rinite” (rhinitis) and “dor de cabeça” 
(headache), limiting the search region to Brazil. As 
a control and comparison, the terms “enxaqueca” 
(migraine) and Alzheimer’s were also searched. Data 
were obtained for every month from January 2004 to 
June 2021, and then extracted to Microsoft Excel file, 
where the generated numbers were transformed into a 
graph. The study was conducted at Faculdade Israelita 
de Ciências da Saúde Albert Einstein.

Google Trends data were adjusted proportionately 
to the time and location of a query in order to make 
relationships between terms easier to discern. This is 
accomplished by taking each value for a term and then 
dividing by the total searches of the geography and time 
range applicable to that search term. This is done so that 
places with the most search volume in raw numbers are 
not always ranked the highest in terms of searches. The 
results of these calculations were then scaled from 0 to 
100 based on the topic proportions to all searches on 
all topics. This means that different regions which may 
have the same raw number of searches for a term are not 
always ranked the same in terms of search volumes.

Statistical analysis
Data extracted from Google Trends were analyzed 
comparing the search volume numbers generated 
by the database. After the descriptive analysis by 
dispersion diagrams, the Pearson test was performed 
to evaluate the correlation between the volume of 
research on rhinitis, headache, and Alzheimer’s disease. 
The adjusted R-squared was used to assess how close 
the data are to the regression line, in order to reduce 
confounding factors. R Statistical program software was 
then used for the statistical calculations, and p<0.05 was 
considered statistically significant. A linear regression 
model, in those with high Pearson correlation, was 
used to estimate the volume of searches for the term 
headache and migraine from the term rhinitis, with a 
95% confidence interval (CI) to evaluate the prediction 
of headache research volume from rhinitis research 
volume.



Headache and rhinitis

3
einstein (São Paulo). 2022;20:1-6

The Pearson correlation test was performed for the 
combinations between rhinitis, headache, migraine, 
and Alzheimer’s. Since there is no correlation between 
headache or rhinitis with Alzheimer’s, it was used as a 
control.

Finally, this study analyzed the seasonality of 
rhinitis and headache research volume. The rhinitis 
and headache survey volume was issued per month to 
analyze the seasonal variation of these conditions over 
the years. Data were normalized and the largest survey 
volume over the year was considered as 100 percent. As 
normalization was done per month, the increase in the 
volume of research on the platform interfered less in 
results.

❚❚ RESULTS
Figure 1 shows the dispersion diagram. The Pearson 
coefficient for rhinitis and headache was 0.86 (p<0.01), 
with an adjusted R-squared of 0.75, indicating a 
strong correlation between the two variables in the 
time interval analyzed. On the other hand, the test 
result for headache and rhinitis with Alzheimer’s was 
respectively 0.14 (p<0.01) and 0.35 (p<0.01), with 
respectively adjusted R-squared of 0.21 and 0.12, 

indicating a very low correlation. The correlation 
between migraine and rhinitis was 0.83 (p<0.01), with 
adjusted R-squared of 0.69.

The value of p<0.05 in the linear regression test 
indicates that the linear regression model applied has 
a good predictor of the variable volume of rhinitis 
research on the variable headache and migraine search 
volume. The test result was 3.11, with a 95%CI [2.87-
3.35] showing that for each increase in the rhinitis survey 
volume, headache research volume tends to increase 
by 3.11. Regarding migraine, for each increase in the 
rhinitis survey volume, there was an increase of 0.8 in  
the migraine survey volume, with a 95%CI [0.73-0.88].

Figure 2 shows the survey volume of the terms 
on the Google Trends platform. From the period of 
January 2004 to June 2021, a seasonal variation in the 
search for these terms is very clear, with peaks around 
month of May occurring every year. Additionally, 
from month to month, there appears to be a strong 
correlation between these two search queries. Most 
notably, however, is the fact that throughout this time 
period, the searches for rhinitis increased at a fraction 
of the rate that the searches for headaches did, which 
may suggest an increase in people experiencing 
headaches worldwide.

Figure 1. Dispersion diagram
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Figure 3 presents the seasonality of the search 
volume of the term rhinitis. The chart shows that the 
peaks of research volume tend to concentrate in the 
month of May, with the smaller volumes of research 
concentrating during the months of spring and early 
summer, that is, from October to February, and in the 
fall (months of May and June) this volume of research 
increases.

This result is similar to that found in a study of 
allergy prevalence with Google Trends in the United 
States and in parts of Europe, in which a peak was 
reported in April and May, seasonally, with a second 
lower peak occurring in September. Therefore, 
Google Trends has been reflecting the epidemiological 
behavior of allergic rhinitis.

Figure 4 shows that the distribution of the headache 
search volume has a pattern similar to the rhinitis 
volume, as expected, since the variables are strongly 
correlated. As in the rhinitis chart, the volume of search 
decreases in the months of the end of the year and 
beginning of the year, more precisely from November 
to January. On the other hand, the largest research 
volumes were concentrated in the months of April and 
August, presenting most of the peaks over the years.

❚❚ DISCUSSION
The present study showed that the volume of research on 
the terms headache and rhinitis has a strong correlation. 
In addition, this study found increased volume of 
search on the term headache and a seasonality in 
the search of the term rhinitis. Alzheimer’s was not 
correlated with the other terms.

These data suggest that in the fall months, the 
population is more likely to investigate rhinitis, which 
could indicate an increase in the prevalence of episodes 
of rhinitis during these months. Contrary to the study 
in Michigan,(12) this study found decreased volume of 
rhinitis search in the spring and early summer months, 
which could indicate a lower prevalence of rhinitis at 
these times.

The association found between headaches and rhinitis 
may be explained by different aspects. First, allergic 
rhinitis might be causing headaches or worsening primary 
headaches. A study conducted in Poland found an overlap 
in migraine and allergic rhinitis symptoms, migraineurs 
worsened their headaches with exposure to allergens, 
and developed more nasal congestion and lacrimation.(13) 
Migraine has long been connected to inflammation. 
Moskowitz(14-16) proposed the neurovascular theory, 
observing protein plasma extravasation in the trigeminal 
structures. A rhinogenic underlying cause in migraine 
patients may be considered.

Allergies causing or worsening headaches is 
more accepted, but the other direction may also be 
hypothesized, although it is less likely to occur. Primary 
headaches may increase the chance of having allergic 
rhinitis, thus, comorbidity studies focusing on this topic 
should be done in order to confirm this hypothesis. 
Nevertheless, primary headaches with autonomic 
symptoms may be wrongly interpreted by patients as 
having rhinitis.

Figure 2. Comparison between headache volume search and rhinitis volume 
search on the Google Trends platform

Figure 3. Seasonality of the search volume of the term rhinitis between 
2004-2021, in the Google Trends platform

Figure 4. Seasonality of the search volume of the term headache between 
2004-2021, in the Google Trends platform
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 A third element may be causing both rhinitis 
and headaches, such as climate changes, temperature 
fluctuations, or even an internal, chronobiological 
dysfunction leading to more headaches and allergic 
symptoms. The hypothalamus and melatonin(17,18) 
secretion could be involved to explain this mechanism.

The present study has some limitations. Google 
Trends is a database for all Google searches, which 
are made for a wide range of purposes, not just health 
related. This means that people may not be searching 
for these terms just because they are suffering from 
them. Furthermore, as explained previously, the search 
numbers reported are only relative numbers, and not 
actual number of searches. Also, the results of this 
study are heavily dependent on patients’ literacy, more 
specifically health literacy, as well as adequate access 
to the Internet, leading to a large population bias as 
to whose searches are represented in this study. This 
also highlights the fact that the number of searches 
for a term provides no information on the population 
demographics, just geographical information.

The research was limited to Portuguese speaking 
countries, since the objective of this study was to 
evaluate the Brazilian scenario with its particularities 
in climatic conditions, internet access, thus presenting 
a more specific and less universal result, limiting its 
reproducibility.

In the present study, the patient was self-diagnosed 
with one of the conditions, rhinitis or headache, 
which could lead to a diagnostic error by the patient, 
confusing the distribution of pathologies. This study 
shows through Google Trends, that these two terms 
surveyed by the public, “headache” and “migraine” are 
correlated with rhinitis, showing an understanding of the 
intersection between diseases by patients. Thus, during 
a clinical approach, this relation should be addressed, 
to complement the diagnostic investigation, not leading 
to overdiagnosed rhinitis, and to the underdiagnosis 
of primary headaches, since the study volumes are 
correlated through the study.

Another finding is the increase in relative search 
volume over time. This could suggest an increase in 
headache and rhinitis occurrence. Increase in headache 
relative search volume was higher than the one found in 
rhinitis. This may be due to a real increase in primary or 
secondary headache prevalence. Headache and rhinitis 
search volume fluctuated over the year, the fact that 
some technical, access related change in volume search 
could not be ruled out.

❚❚ CONCLUSION

Headaches and rhinitis were significantly correlated 
in 17 years of Google Search query data, where a 
circannual variation could be observed with both 
conditions. Relative search volume for headache 
increased over time. Further studies using digital 
search engine query data may be useful for better 
understanding of comorbidity in headache disorders 
and possible treatments.
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