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Background
With its online service Google Trends, Google offers the possibility of evaluating the frequency of search 
queries nearly in real time. Particularly in the context of changing health risks due to climate change, 
the timely detection of fluctuations in the number of new cases, both in terms of seasonality and 
global trends across years, would be highly relevant to healthcare. However, studies on the external 
validity of Google Trends data for this purpose are lacking. In this study, seasonal and annual Google 
Trends data are compared with the corre - sponding incidence trends for Lyme disease and hay fever to 
investigate whether Google Trends data are corresponding for depicting changing seasonal patterns 
and disease risks.

Methods
The reference data for the comparison with the Google Trends data to test the external validity are 
nationwide claims data from SHI - accredited physicians (according to § 295 Social Code Book 5, SGB V) 
and, if available, notification data from the Robert Koch - Institute (RKI) according to the corresponding 
state regulations. The cumulative incidence of diagnosed Lyme disease and hay fever in the period from 
the first calender quarter of the year 2013 to the fourth quarter 2021 was calculated from the claims 
data. After normalisation to values in the range 0 - 100, claims and notification data were compared 
with Google Trends data and visualised. 

Results
The incidence of diagnosed Lyme disease and hay fever was 22 and 139 per 10,000 persons in 2021, 
respectively. While there were predominantly strong correlations in the seasonal patterns between 
the data sources for both diseases, the correlations between the annual trends were only weak.

Discussion 
Google Trends data could be a possible source of information for monitoring changes in the start of 
the season or the period in which the number of new cases increases. The data do not have sufficient 
external validity to estimate cross-annual trends in the number of new cases in the population.
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Google’s online service Google Trends is a 
tool for measuring the frequency of searches 
(1, 2), which has already been in use in the 
field of health research for a number of years 
(3). Options for regional differentiation and 
real - time availability where required make 
using Google Trends data particularly attractive 
(4). The underlying research approach is based 
on the assumption that there is a connection 
within populations between the health situation 
and patterns of information and communication 
online (5). One well - known practical application 
of Google data is its use in predicting the annual 
flu season (6 - 8). Using archived Google Trends 
data, the authors of a study (7) published in 
2019 concluded that the inclusion of such data 
can improve the reliability of the traditional 
surveillance system in forecasting flu and other 
flu - like illnesses. In a review, Ziehfreund et al. 
(9) examined the potential of this data source 
for Germany in relation to various illnesses and 
concluded that under certain conditions and 
taking into account the inherent limitations, 
these data could be used to map current epide-
miological developments over space and time.

The coronavirus pandemic in particular has 
highlighted importance of the availability of 
real -  time data for mapping the health situation 
within the population, and it will continue 
to gain increasing significance for the early 

• The risk of newly diagnosed hay fever showed a strongly fluctuating trend, but on average an annual 
increase in incidence of 1.9 percent.

• The incidence of Lyme disease was initially characterized by marked decline and followed by a 
re - increase.

• Google Trends data captures the seasonality of hay fever and Lyme disease incidence, which is com-
parable to German physicians’ claims data.

• Yearly trends, and thus longer cross - annual changes in disease risk in the population, were not reli-
ably reproduced.

identification of public health action areas with 
respect to the possible consequences of climate 
change. Google Trends data could take on an 
important role in this respect as it can be used to 
pinpoint up - to - date information on morbidity 
trends within the population. Current health 
risks related to climate change that may require 
rapid action include the increase in respiratory 
illnesses and infectious diseases, for example. 
A retrospective investigation of pollen drift 
between 2001 and 2021 found increasing linear 
trends for allergy - relevant pollens in Germany 
with a small number of exceptions (10). As the 
number of people in Germany with sensitivities 
to ambrosia pollen could more than triple to 16 
million over the next 20 to 40 years, this country 
is considered to be especially at risk (11). Climate 
change also presents survival advantages for the 
vectors that propagate vector - borne infectious 
diseases, which may increase their abundance 
and propagation areas, extend phases of activity 
and precipitate the immigration of new vectors, 
giving rise to new infectious agents as a result. 
This in turn increases the probability of human 
infection (12, 13). Transmitted through tick bites, 
Lyme disease is coming under particular scrutiny 
due to the significant burden of disease it causes 
in Germany (14 - 16). Measured on the basis of 
outpatient claims data or available notification 
data, Lyme disease and hay fever show strong 
seasonal variations within a calendar year 
(16 - 18).
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The majority of the studies included in a 2014 
systematic review (3) aimed to describe temporal 
or spatial trends or to examine potential causal 
inferences based on Google Trends data. Only 
about a third of these studies addressed the 
possibility of surveillance, and these could be 
sub - classified as prognostic or monitoring 
studies. In almost all of these studies, the Google 
Trends results were validated using external 
data. However, the quality of the reference 
data used was not the focus of the review. The 
authors of a subsequent review concluded that 
most of the included studies compared official 
data with other internet - based data series, but 
did not quantify or differentiate between them 
(19).

Nevertheless, it is crucial to evaluate the 
external validity of novel data sources, such as 
Google Trends data, by referring to established 
data. This is necessary to ascertain the basic 
suitability of this information source for studies 
examining changing morbidity trends over 
various time horizons. While acknowledging 
their inherent limitations, the scope and avail-
ability of routine and notification data renders 
them well - suited as comprehensive reference 
data in the sense of a gold standard for the 
external validation of Google Trends data. It has 
previously been demonstrated that long - term 
and medium - term trends can be identified 
through the analysis of physician claims data 
(20 - 28). If Google Trends data could be used to 
trace overall trends in the sense of cross - annual 
developments, and the extent of the seasonal 
occurrence and new cases of Lyme disease and 
hay fever over longer periods of time, further 
opportunities for estimating current morbidity 
developments in situations where established 
data sources are not yet accessible may also be 
conceivable. Google Trends data, which has been 
proven to accurately represent trend develop-
ments, could enable early reactions to changing 
disease patterns.

The aim of this exploratory - descriptive study 
is to compare annual and seasonal incidence 
trends for Lyme disease and hay fever 
diagnosed by SHI - accredited physicians with 
the corresponding Google search trends for 

these diseases between 2013 and 2021. The 
comparison for Lyme disease also draws on case 
numbers published by the Robert Koch - Institute 
(RKI) (29).

Methodology

Data and study population
The data basis for the present study consists 
of nationwide SHI - accredited physician claims 
data from the 17 Associations of Statutory 
Health Insurance Physicians regions in Germany 
in accordance with Section 295, Book 5 of the 
German Social Code (SGB V) for the years 2010 
to 2021. The data include information about all 
individuals with statutory health insurance of 
any age who accessed SHI - accredited physician 
or psychotherapeutic care services at least once 
in a given calendar year (2021: N = 72,866,128). 
In addition to sociodemographic details such as 
age, sex and residential area, the dataset also 
comprises information on individual treatment 
cases including official physicians’ fee scale items 
(Gebührenordnungspositionen, GOP) based on 
the Uniform Value Scale (Einheitlicher Bewer-
tungsmaßstab, EBM), participating medical 
and psychotherapeutic service providers, and 
diagnoses based on the International Statistical 
Classification of Diseases and Related Health 
Problems, 10th revision, German Modification 
(ICD - 10 - GM).

With its Google Trends service, Google offers the 
opportunity to query monthly search volumes for 
keywords within a specific period and a specific 
region (1). To this end, Google provides relative 
details within a value range of 0 to 100, based on 
the maximum regional value during the period 
under review (1, 2). For the present study, the 
monthly searches for the German search terms 
“borreliose” (Lyme disease) and “heuschnupfen” 
(hay fever) were requested on 30 June 2022 for 
the period 2013 to 2021, limited to the region 
of Germany. As far as possible, colloquial terms 
specific to both diseases were used in the 
selection of the search terms. Queries were 
performed separately to obtain normalised data 
for each individual search term; in addition, 
search terms were not placed in quotation 
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marks, as this would have limited the search to 
exact matches. Data were not narrowed down 
by category or search type (“all categories” and 
“web search” settings). The Google Trends data 
were then aggregated per quarter and renor-
malised to values within the range 0 to 100. This 
aggregation was necessary because diagnoses 
in claims data of SHI - accredited physicians are 
only available at the quarterly level.

The weekly notification data on Lyme disease 
were accessed for the period 2013 to 2021 
via the RKI’s SurvStat @ RKI 2.0 website (30). 
In accordance with supplementary state 
regulations, Lyme disease is a notified disease 
in nine German federal states (Bavaria, Berlin, 
Brandenburg, Mecklenburg-Western Pomerania, 
Saarland, Saxony, Saxony-Anhalt, Thuringia and 
Rhineland-Palatinate). Cases of the disease are 
published on the basis of a uniform national case 
definition established by the RKI (29).

Case definition and incidence calculation 
based on outpatient diagnoses
A previous observation period of at least three 
years was applied as a prerequisite for the 
inclusion of patients in the study population for 
the incidence calculation. Individuals accessing 
SHI - accredited physician services during the 
respective reporting year were deemed to have 
fulfilled the inclusion criterion of a previous 
observation period of at least three years, if they 
also used SHI - accredited medical care at least 
once in the calendar year three years before. 
In this context, persons were considered newly 
infected if no corresponding diagnosis had been 
documented for them during these three years 
of previous observation. Cases of Lyme disease 
were identified based on the ICD - 10 diagnosis 
code A69.2 and hay fever cases were identified 
using the diagnosis codes J30.1 and J30.2, 
which were documented respectively with the 
additional identifier “G” (“gesicherte Diagnose”, 
or verified diagnosis). Using additional identifiers 
for disease certainty is mandatory in German 
outpatient care. 

Newly diagnosed patients were used for this 
study in order to examine the informative value 
of the claims data as a data source with regard 

to changing disease risks over time, i.e. the 
development of new diseases in the population. 
We further assume that people search for 
complaints and symptoms on Google when 
these are new and they are unfamiliar with them. 
The annual cumulative incidence was calculated 
for the period 2013 to 2021; diagnoses of Lyme 
disease or hay fever had to be documented in 
at least one quarter of the respective calendar 
year (M1Q criterion). For outpatient diagnoses 
data, the data set used does not contain an exact 
diagnosis date, but only a quarterly reference as 
the smallest time unit. The quarterly cumulative 
incidence among the population receiving care 
from SHI - accredited physicians was calculated 
to match seasonal fluctuations. To match 
seasonal patterns within a specific year, new 
cases were allocated to the quarter in which 
the initial diagnosis occurred. The denominator 
populations were adjusted yearly for prevalent 
cases. In principle, reinfections of Lyme disease 
can occur. In accordance with the selected 
case definition, these were only considered 
as reoccurring incident cases if three years 
without a diagnosis had been recorded prior to 
the reinfection. Patients with hay fever can be 
re - assessed as incident cases as well, if they had 
another three years without a diagnosis.

Statistical analyses
To establish comparability with the Google 
Trends data, the quarterly cumulative incidence 
between 2013 and 2021 for Lyme disease and 
hay fever was converted to relative values from 
0 - 100. As part of this process, the respective 
maximum value during the study period was set 
separately for each disease to 100 (Lyme disease: 
Q3 / 2020, hay fever: Q2 / 2013) and the lower 
values were expressed relative to this value. 
The notification data on Lyme disease were also 
normalised after quarterly aggregation.

To investigate linear associations between the 
Google Trends data, the SHI - accredited physician 
claims data and the RKI notification data, 
Pearson correlation coefficients were calculated 
for the quarterly and annual normalised values 
for the nine - year study period. Furthermore, a 
comparative visualisation was carried out for the 
normalised seasonal and annual trends from the 
various data sources. 
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Results
 

Annual and quarterly incidence trends
The population at risk of newly - diagnosed cases 
of Lyme disease in 2021 comprised approxi-
mately 66.5 million individuals with a statutory 
health insurance cover, of which 145,730 were 
identified as having incident Lyme disease 
(Table 1). This corresponds to a cumulative 
incidence of 22 cases of Lyme disease per 
10,000 people in 2021. During the first three 
study years, a relatively significant decline was 
observed (2013 vs. 2015: - 23.2 %), which was 
then followed by a further increase (Table 1). 
Throughout the study period, a slight upward 
trend in incidence was observed, with an average 
annual increase of 0.4 % (median: - 5.5 %). The 
significant difference between the median and 
the average annual increase is due to the decline 
in incidence at the beginning of the study. 
When the quarterly incidence is considered  
(Figure 1A), a seasonal pattern emerges, with 
the lowest incidence occurring in the first 
quarter (January to March) of each year and 
the highest incidence in the third quarter (July 
to September). The extremal quotient was an 

average of 4.2 for the individual study years and 
5.4 for the entire study period (highest incidence 
in the third quarter of 2020: 11 / 10,000; lowest 
incidence in the first quarter of 2016: 2 / 10,000).

In 2021, a new diagnosis of hay fever was 
documented among 845,537 individuals with 
statutory health insurance throughout Germany 
(population at risk 2021: 61 million individuals); 
the corresponding cumulative incidence was 
139 cases per 10,000 people (Table 1). The 
incidence dropped by - 14.3 % from 2013 to 
2017 with a number of fluctuations in between 
and then rose by 32.4 % from 2017 to 2021. The 
average annual increase was 1.9 % for the entire 
period (median: 2.1 %). At the quarterly level, an 
annually recurring pattern was observed with 
the highest incident values regularly occurring 
in the second quarter (April to June) and the 
lowest values in the fourth quarter (October to 
December) (Figure 1B). The extremal quotient 
for the individual study years was an average of 
3.0, while the value for the entire study period 
was 3.7 (highest incidence in the second quarter 
of 2013: 59 / 10,000; lowest incidence in the 
fourth quarter of 2017: 16 / 10,000).

Table 1: Size of the population at risk (N), absolute number of new diagnoses (n), cumulative incidence per 
10,000 people and relative change compared to the previous year for Lyme disease and hay fever by calendar 
year for the period 2013 to 2021.

Note: The cumulative incidence was rounded to whole numbers; the values for the relative change compared to the previous year refer to 
the incidence rounded to two decimal places.

Data basis: Statutory health insurance-accredited physician claims data according to Section 295, Book 5 of the German Social Code (SGB V) 

Lyme disease Hay fever

Year N n Incidence

Relative 
change to 
previous 
year (%)

N n Incidence

Relative 
change to 
previous 
year (%)

2013 62,004,150 140,503 23 59,497,513 726,816 122
2014 62,657,786 121,146 19 -14.7 60,041,255 760,795 127 3.7
2015 63,268,862 110,085 17 -10.0 60,552,482 721,205 119 -6.0
2016 63,769,969 141,411 22 27.4 60,948,516 739,129 121 1.8
2017 64,080,337 134,903 21 -5.1 61,235,995 640,730 105 -13.7
2018 64,655,035 140,057 22 2.9 61,748,950 732,787 119 13.4
2019 65,030,482 132,579 20 -5.9 62,048,890 751,543 121 2.1
2020 65,177,549 155,778 24 17.2 62,161,689 769,141 124 2.2
2021 66,537,907 145,730 22 -8.4 61,012,766 845,537 139 12.0



External validity of Google search queries for  
seasonal and cross-annual trends of disease risks

7Report No. 25/02, published May 15, 2025

Figure 1: Temporal development of the cumulative incidence of Lyme disease (A) and hay fever (B) at quarterly 
level. Minimum and maximum over the entire period are highlighted in white. 

Note: Q1, quarter 1, marks the first calender quarter of the respective year.  
Data basis: Statutory health insurance-accredited physician claims data according to Section 295, Book 5 of the German Social Code 
(SGB V)

Comparison of the various data sources with 
respect to seasonal variations
For comparison of the claims data and Google 
Trends data, the quarterly incidence values 
determined using the claims data were first 
normalised as described above. Graphically 
consistent seasonal patterns emerged in 
both data sources for Lyme disease as well 
as hay fever. For Lyme disease, the maximum 
number of Google Trends data exceeded the 
maximum diagnosis frequency indicated in the 

SHI - accredited physicians’ claims data in some 
years (Figure 2A); a strong positive correlation 
was observed between the claims data and the 
Google Trends data, with a Pearson correlation 
coefficient of 0.86. The correlation between the 
notification data and Google Trends data was 
markedly weaker, at r = 0.69. For hay fever, the 
patterns for the minimum and maximum values 
were in line with each other for all years investi-
gated (Figure 2B); this strong positive association 
was confirmed by a correlation of 0.97.
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Comparison of the various data sources with 
respect to annual trends
The annual trends for the normalised values 
from the three data sources for 2013 to 2021 
are shown in Figure 3A. Greater deviations were 
observed before 2016 in particular; this applied 
above all to the normalised RKI notification data. 
The data trends converged between 2016 and 
2020, but then diverged further in 2021; never-
theless, all data trends indicated a decline. There 

was no correlation between the Google Trends 
data and the claims data. A slight negative 
correlation of - 0.19 was observed between the 
Google Trends data and the RKI notification 
data. There was a weak positive correlation for 
hay fever at the annual level (r = 0.25). A similar 
trend was observed until 2017, with larger devia-
tions in the subsequent years, which indicated 
conflicting trends after 2018 (Figure 3B).

Figure 2: Comparison of the normalised values for the Google Trends data, the quarterly incidence and, where 
available, the number of cases reported to the Robert Koch - Institute shown on the left and on the right, the 
associated correlation diagrams including Pearson correlation coefficient (r) for Lyme disease (A) and hay fever 
(B) for the period Q1 / 2013 to Q4 / 2021 in Germany. 
Note: Q1, quarter 1, marks the first calender quarter of the respective year.  
Data basis: Statutory health insurance-accredited physician claims data according to Section 295, Book 5 of the German Social Code (SGB V)
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Discussion

To the best of the authors’ knowledge, the 
present study was the first to map quarterly and 
annual incidence trends for Lyme disease and 
hay fever across a period of nine years for all age 
groups among the population of individuals with 
statutory health insurance in Germany [share of 
the total German population in 2020: 88.1 % 

(31)]. In the claims data, the annual risk for newly 
diagnosed hay fever demonstrated a highly 
fluctuating course over the 9 - year study period, 
but on average a yearly increase of the incidence 
about 1.9 percent. In contrast, the incidence of 
diagnosed Lyme disease was characterized by a 
strong declince between 2013 and 2015, and a 
re - increase in subsequent study years. The 
seasonal pattern of online search behaviour 

Figure 3: Comparison of the normalised values for the Google Trends data, the annual incidence and, where 
available, the number of notified cases shown on the left, and on the right the associated correlation diagrams 
including Pearson correlation coefficient (r) for Lyme disease (A) and hay fever (B) for the period 2013 to 2021 
in Germany. 
Note: Q1, quarter 1, marks the first calender quarter of the respective year. Data basis: Statutory health insurance-accredited physician 
claims data according to Section 295, Book 5 of the German Social Code (SGB V)
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associated with disease - specific search terms 
and the reference data from SHI - accredited 
physician claims data, and RKI notification data 
for Lyme disease, are highly correlated. On the 
other hand, the annual trends in the normalised 
values for the incidence in the claims data reveal 
only weak correlations. The same applies to the 
comparison of Google Trends data and notifi-
cation data for Lyme disease.

In 2021 and 2022, comprehensive national preva-
lence and incidence data for both diseases was 
published for the first time on the Health Care 
Altas website (www.versorgungsatlas.de) and 
placed in the national and international context 
(15 - 17). Both the results published previously 
for Lyme disease and those published for hay 
fever are confirmed in the present study with 
extended study populations and case definitions. 
More recent studies based on notification and 
SHI routine data are available for Lyme disease, 
which cover shorter time periods [2015 - 2019 
(32) and 2016 - 2020 (33), respectively], but 
consistent trends. National incidence trends 
up to and including 2021 are now available for 
Lyme disease and indicate a decline in incidence 
during the study period, although this decline 
is not constant and was disrupted by a sharp 
increase during the first year of the coronavirus 
pandemic in 2020. Due to the methodological 
approach using a diagnosis - free preobservation 
time of three years, it cannot be ruled out that 
reinfections were not captured in some cases, 
which may result in slight underestimation. For 
hay fever, we supplement the data on children 
and adolescents published on the Health Care 
Atlas website with incidence data on the entire 
population of individuals with statutory health 
insurance without age limitations, and observe 
corresponding seasonal trends in incidence. 

Studies published to date on Google Trends 
data for Lyme disease and hay fever (or any 
other atopic diseases) have largely focused 
on estimating prospective developments in 
disease frequency based on users’ online search 
behaviour. For example, Kapitány - Fövény et 
al. (34) investigated whether the use of Google 
Trends data could improve the prediction of 
Lyme disease incidence in Germany in addition 
to the notification data published by the RKI. 

Although this was not the case, a high degree 
of correlation was observed between both 
data sources for the retrospective values. This 
correlation between internet searches and Lyme 
disease case numbers published by the RKI was 
also analysed by Scheerer et al. (35) in addition 
to correlations between online searches and 
temperature data published by the German 
weather service. Strong correlations between 
the notification data and the temperature data 
were also observed in this study. In a previous 
investigation of Lyme disease (16), we demon-
strated that although the number of Lyme 
disease diagnoses by SHI - accredited physi-
cians was many times higher than the figures 
reported by the RKI, the development of both 
sets of figures over time was largely consistent. 
The deviations in the notification data at the 
beginning of the study period, which also arose 
in the present study, are probably caused by the 
under - documentation of notified cases. A study 
investigating the mapping of the seasonality of 
hay fever in Europe using Google Trends data 
performed by Bousquet et al. (36) revealed 
country - specific differences in the usage of 
various search terms. In a subsequent study (37), 
the French research team demonstrated clear 
correlations between the Google Trends data 
and data on pollen concentrations, although 
these correlations were not very pronounced. 
One commonality between the investigations 
(34, 35, 37) referenced above is that they did not 
focus on the external validation of Google Trends 
data.

The results of the present study showed very 
strong correlations between the Google Trends 
data and utilisation of SHI - accredited physician 
services in terms of the quarterly view and the 
seasonality it maps for Germany. The correlation 
between the claims and notification data 
for Lyme disease was also strong, while the 
correlation between Google Trends data and 
notification data was less pronounced, but still 
high. When the years in which notified cases 
were likely considerably under - documented 
are excluded, the positive correlation becomes 
markedly stronger (2016 - 2021: r = 0,70, data 
not shown). It should also be noted that Google 
Trends and RKI notification data could in principle 
also be compared on a weekly basis, but this was 

http://www.versorgungsatlas.de


External validity of Google search queries for  
seasonal and cross-annual trends of disease risks

11Report No. 25/02, published May 15, 2025

not the focus of this study. These results indicate 
that Google Trends data could act as a possible 
source of information concerning shifts in the 
beginning of the season with increased numbers 
of new diagnoses as well as changes in the 
duration of seasonal increases. The advantage 
and potential of Google Trends data over claims 
data is that it can also be retrieved on a monthly 
or even weekly basis and is always available in 
the most up - to - date form. In the comparisons 
carried out, changes in seasonal patterns may be 
concealed or only very imprecisely depicted as 
a result of the reference to calendar quarters as 
the smallest possible unit of time.

When only the overall trends at the annual 
level are compared, the correlation is markedly 
weaker. There is no reliable identification of years 
with relatively low or high numbers of new cases, 
which limits the scientific usefulness of Google 
Trends data for longer - term, cross - annual 
trends in the population. Consequently, Google 
Trends data do not appear fully suitable for 
use as a means of surveillance for the early 
estimation of disproportionate increases in the 
number of new cases, which are highly relevant 
with respect to the changes in environmental 
exposure (e.g. through plant pollen, vector 
spread) associated with the predicted climate 
conditions. The overall trends may be influenced 
to a greater extent by social factors such as 
one - off spikes in interest among the population 
(e.g. media reporting), but this rise is not neces-
sarily accompanied by higher levels of interest 
due to seasonally varying health problems. At 
this point, the necessary concentration of the 
monthly Google Trends data at a quarterly and 
annual level and the related renormalisation of 
the values may cause imprecisions in the yearly 
mapping in particular. Although there may be 
many influencing factors in this regard, it is not 
possible to quantify their respective weights 
more specifically in the search results. Even if 
distinctive media coverage or other factors could 
be identified based on the research topic, it would 
not be possible to adjust the Google Trends data 
for it. In view of this, prospective longer - term 
wide - ranging applications, such as the targeted 
addressing of information requirements or even 
the regional distribution of resources for public 
health measures, as addressed by Ziehfreund 

et al. (9), should be discussed with caution. In 
addition, data on health complaints from the 
Structured Medical Assessment in Germany 
(SmED), recorded in the telephone assessments 
of the 116117 on - call medical service, provide a 
resource that is comparable in its temporal and 
spatial granularity and may be more suitable for 
such time series analyses due to its more specific 
and structured purpose. In early analyses, the 
SmED data already proved to be a valid indicator 
for the start and end of various acute respiratory 
infection waves (38, 39). 

Strengths and limitations
The present study is based on German national 
SHI - accredited physician claims data for all 
individuals in Germany with statutory health 
insurance [2021: 88.1 % (31)]; individuals 
included in the study must have accessed 
SHI - accredited physician services at least 
once in the respective calendar year. The 
limitations of the SHI - accredited physician 
claims data should be taken into account when 
drawing conclusions concerning the external 
validation of Google Trends data with patient 
diagnoses as reference data. The diagnoses 
data from SHI - accredited physicians are not 
directly relevant for reimbursement between 
SHI - accredited physician and / or psychother-
apeutic service providers and payers. Due to 
its primarily administrative nature, internal and 
external diagnosis validation is itself of central 
importance for any scientific secondary use of 
data within the framework of health services 
research (40 - 44). The restriction of defining 
ICD 10 - coded diagnoses as the sole criterion for 
inclusion in the study limits the capture of cases 
and, in individual cases, may cause misclassifi-
cation due to incorrect, unspecific or missing 
diagnoses. Furthermore, it should be noted 
that the SHI - accredited physician claims data 
does not contain any information on selective 
contract billing without the involvement of the 
SHI - accredited physicians’ associations. This is 
especially relevant with respect to the selective 
contracts for GP - centered care in Baden - Wuert-
temberg and Bavaria (45, 46). The potential of 
Google Trends data lies in its immediate and free 
availability. In addition, Google Trends queries can 
take into account differing regional development 
over time as well as regional language use where 
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required. However, the methodology used by 
Google to provide the data is only very briefly 
outlined (1, 2) and it is unclear what influence the 
algorithms and any changes to them have. Events 
that temporarily lead to increased searches 
for certain keywords cannot be identified or 
calculated, but can lead to severe distortions. In 
addition, the provision of the service is entirely 
dependent on Google’s business decisions. The 
data reported by the RKI are, in turn, subject to 
legal requirements and implementation by the 
reporting parties with regard to the type and 
depth of information and geographical validity.

Regarding the methodological approach of this 
study as a first exploration, it should be noted that 
only simple correlation coefficients were calcu-
lated, which have only limited explanatory power 
in the context of temporally autocorrelated data. 
For further analysis, methods should be used 
that can adequately represent the character and 
components of time series.

Conclusions

The findings of our study presented here clearly 
show that Google Trends data represents the 
seasonality emerging in SHI - accredited physi-
cian care in a comparable way, at least for Lyme 
disease and hay fever, although annual trends 
cannot be reliably mapped. Google Trends data 
therefore appears unsuitable for depicting 
long - term, cross - annual changes in disease 
risks in the population. However, in this explora-
tory analysis, it was shown that Google Trends 
data has the potential to generate early signals 
about changes in the start of the season or the 
period in which the number of new cases increa-
ses, particularly due to its very timely availability 
compared to other data sources. Studies using 
Google Trends as a data basis or as additional 
data points in the context of time series analyses 
should always aim to perform external valida-
tion in advance.
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