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Regional differences and seasonal variation of
the burden of skin diseases in southern
Germany: a retrospective analysis of internet
data

Background: Skin diseases are associated with a considerable burden
for patients and their relatives. Not every affected individual, however,
seeks medical health care and their families are often forgotten, which
makes it challenging to identify all unmet needs. Objectives: This study
aimed to identify regional differences and seasonal variations related
to dermatology via an internet search and further investigate whether
regional factors influence search behaviour. Materials & Methods: A
retrospective longitudinal study using Google Ads Keyword Planner was
carried out to identify skin disease-related terms throughout Bavaria,
southern Germany, from June 2015 to May 2019. Terms were catego-
rized and assessed for regional and seasonal differences. Results: From
976 human skin-related terms, with a total search volume of 9,928,630
queries, 7,988,220 referred to “human skin disease”, with a higher search
volume in rural compared to urban areas (p = 0.012). Search queries for
“allergy” and “human skin diseases” displayed significant seasonality
(p > 0.001 and p = 0.002, respectively). Conclusion: Future monitoring
and assessment of this type of Google data for predefined regional areas
could identify specific medical needs and provide timed and target-
group-oriented medical care and information. These could be beneficial
for affected people, their family members, physicians, and public health
officials

Key words: skin disease, Google, web search data, rural, urban, seasonal
variation

D ermatological diseases are the fourth most com-
mon of all human diseases, affecting 30-70% of
individuals worldwide at any time [1]. Over 3,000

skin or skin-related illnesses are known [2], varying in seve-
rity and symptoms, from benign tumours and self-limiting
infections to malignant neoplasms and chronic inflamma-
tory diseases [3].
Skin and subcutaneous diseases accounted for 57.4 million
“disability adjusted life-years” globally in 2016 [4]; mainly
a function of “years lost due to disability” (YLD) than due
to mortality [4]. In 2017, skin and subcutaneous diseases
caused 41.6 million YLD; for comparison, diabetes mel-
litus and migraine caused 38.5 million and 38.1 million
YLD, respectively [5]. Despite the variety of skin and sub-
cutaneous diseases, the burden of YLD is dominated by
only a few skin conditions, including acne vulgaris, derma-
titis (including atopic, seborrheic, and contact dermatitis),
urticaria, psoriasis, viral skin diseases, fungal skin diseases,
and scabies (each causing 1.7-9.3 million YLD) [6]. Never-
theless, the burden of skin diseases is a multidimensional
concept, not only affecting the patients themselves but also
their family members [7], whose needs so far have recei-
ved very limited attention [8]. Additionally, many people

suffering from skin diseases do not seek professional medi-
cal healthcare, but rely on inadequate self-treatment instead
[9, 10]; thus, it is challenging to examine people’s overall
dermatological needs using conventional approaches, such
as secondary health insurance data.
A rather unconventional method to assess the populations’
interest in different aspects of skin diseases is to analyse
internet search volumes for “skin disease,” as the internet
is a very frequently used source of health information
[11]. Moreover, patients search the internet for issues and
unmet medical needs which they do not typically want to
discuss with their physician [12]. In Germany, over 90% of
people use the internet [13], of whom 57% have searched
for health information at least once [14]. The vast majority
of Germans (89% to 95%) use Google as their primary
search engine [15]. Previously, Google analysis was shown
to provide broad insight into people’s interest in different
medical subjects [16, 17]. Furthermore, Google data
analysis has been valuable in revealing seasonal trends and
allowing forecasts related to different diseases, including
cancer and influenza [16, 17], and even showing regional
differences, such as for skin cancer and pruritus-related
search behaviour between large cities throughout Germany
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Human skin
n=9,928,630

(76.22%)

Not assignable
n=3,098,030

(23.78%)

Human skin diseases
n=9,988,220 (80.46%)

Fungal skin diseases n=1,174,200 (14.70%)
Warts n=423,600 (5.30%)

a Includes e.g. epidermis, skin layer
b According to ICD 10 not classified
as diseases of the skin and
subcutaneous tissue (L01-L99)
c Includes e.g. rush, skin scales,
cornification
d Includes e.g. hand, contact and
unspecified eczema
e ICD-10 code range L60-L75
f  ICD-10 code range L55-L59
g Pruritus not otherwise specified

1. categorization

2. categorization

3. categorization

Category CategorySearch volume sum (%) Search volume sum (%)
Arthrosis 737,100 (23.79%)

620,600 (20.03%)
466,800 (15.07%)
352,200 (11.37%)
347,700 (11.22%)
296,500 (9.57%)

192,200 (6.20%)
65,530 (2.12%)
6,790 (0.22%)
5,170 (0.17%)
4,230 (0.14%)
3,210 (0.10%)

Homeopathy
Rheumatism
Migraine
Back pain
Headaches

Health
Psychological disease
Skin disease animals
Genital area
Self urine
Rheumatism clinics

UV-radiation-related disorders of the skin
and subcutaneous tissuef n=375,440 (4.70%)

Skin cancer n=367,700 (4.60%)

Vitiligo/other disorders of pigmentation
n=146,050 (1.83%)

Seborrheic dermatitis n=128,570 (1.61%)

Pruritus8 n=97,520 (0.98%)

Psoriasis n=992,980 (12.43%)

General skin alternationsc

n=862,290 (10.79%)

Other eczemad n=792,300 (9.92%)

Atopic dermatitis n=787,130 (9.85%)

Scabies n=752,350 (9.41%)

Disorders of skin appendancee

n=526,340 (6.59%)

Urticaria n=505,700 (6.33%)

Dermatologist
n=1,608,000 (16.20%)

Skina n=164,290
(1.65%)

Allergyb 
n=168,120 (1.69%)

Figure 1. Categorization of the skin disease-related Google search volume queries for Bavaria, southern Germany, from June
2015 to May 2019 (n = 13,026,660).

[16]. However, dermatological diseases and their medical
treatment also show differences on a smaller regional
scale. For example, atopic dermatitis (AD) is diagnosed
more often in urban than rural areas [18] and relevant
data for skin cancer shows that increased distance from
a place of diagnosis and living in rural areas result in a
higher burden [19, 20]. According to the Association of
Statutory Health Insurance Physicians of Bavaria, medical
supplies are more available in urban than rural areas across
Bavaria (Germany’s geographically largest federal state,
located in southern Germany) [21]. Therefore, to identify
dermatological regional differences and seasonal variations
as well as investigate whether regional factors influence
search behaviour, this study examined Google search
volume data in Bavaria in order to develop strategies to
improve provision of adequate dermatological healthcare.

Materials and methods

Study design
A retrospective longitudinal study using Google Ads
Keyword Planner (until 2018 named Google AdWords Key-
word Planner) was conducted to identify search volumes
of key words related to the German word for skin disease
(“Hauterkrankungen”) between June 2015 and May 2019
throughout Bavaria.
Although Google Ads is used primarily to detect key words
for optimizing Google marketing campaigns, it can also be
used for scientific purposes [16, 22]. Google Ads provides
monthly search volume data, as estimated by Google. The
search volume represents the total number of searches for

each key word identified based on the key word topic (herein
“skin disease”) [23].

Categorization
The authors screened and categorized all identified key
words for Bavaria as a whole and for two regional groups
(urban and rural areas; for details see Regional compari-
son below) in three steps (figure 1). Initially, two categories
were formed based on the terms “human skin” and “not assi-
gnable”; terms not clearly related to human skin diseases
were excluded from the analysis (e.g., “headaches” and
“homeopathy”). Key words associated with “human skin”
were subcategorized into “dermatologist” (e.g., “skin spe-
cialist”), “skin” (e.g., “epidermis”), “allergy” (according
to ICD10, not classified as “diseases of the skin and
subcutaneous tissue” [3], e.g., “hay fever”), and “human
skin diseases” (Category 1). “Human skin diseases” was
then subdivided into “psoriasis”, “AD”, “other eczema”
(including hand, contact, and unspecified eczema), “fun-
gal skin diseases”, and 10 additional categories (Category
2) (figure 1).

Regional comparison
Fifty-three cities throughout Bavaria were chosen that were
defined as a metropolis, regional centre, or upper centre to
assess regional search behaviour (see supplementary mate-
rial) [24].
Four so called “upper centres” (Dillingen an der Donau,
Lauingen [Donau], Marktredwitz, and Wunsiedel) were
excluded from the analyses as they lacked Google search
volume data. According to the Bavarian Ministry of
Economy, State Development and Energy (StMWi), the
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remaining 49 cities were categorized as urban (21 cities)
or rural areas (28 cities) (online Appendix) [24]. Urban
areas included communities with percentage levels above
the national average for: (1) population/employee density,
(2) proportion of settlement and transport area of the com-
munity area in 2010, and/or (3) settlement and transport
area development from 2000-2010. Neighbouring commu-
nities that also met the above criteria comprised >100,000
inhabitants. Rural areas included communities that did not
fulfil these criteria [24].

Influencing factors
The degree of healthcare provision data (i.e., ratio of target
to actual number of physicians with respect to population)
from the Association of Statutory Health Insurance Physi-
cians of Bavaria [25] was used to determine whether there
were correlations between the number of search queries
and the number of dermatologists or general practitioners
(GPs). In addition, correlations between searches and inha-
bitants’ mean age, as well as sex, both taken from the
Bavarian State Office for Statistics [26], were examined.

Seasonal variation
The monthly Google search volume data were summari-
zed into seasons to assess seasonality (years under review:
2015 to 2019, each year from June to May). Seasons
were defined according to conventional meteorological
analysis for Central Europe, with winter encompas-
sing December–February, spring March–May, summer
June–August, and autumn September–November [1].

Statistical analysis
Descriptive data were generated for the identified key words
for Bavaria and each of the regional groups. To assess diffe-
rences in search behaviour between regional groups (search
volume queries per 1,000 inhabitants) and seasons, the
student’s t-test and one-way analyses of variance (ANOVA)
were used, respectively. The Pearson’s correlation coeffi-
cient was used to assess relationships between the search
queries and the above-mentioned influencing factors. A p
value <0.05 was considered to be statistically significant.
IBM SPSS (Version 26, IBM Corporation, Armonk, NY,
USA) and Excel (Version 16.16.12) were used for statistical
analyses.

Results

Google Ads Keyword Planner identified 999 key words for
the German word for “skin diseases” in Bavaria, resulting in
an overall search volume of 13,026,660 queries from June
2015 to May 2019. Of these, 23 key words were excluded
from the final analysis as they were not assignable (e.g.,
“homeopathy” and “animal skin diseases”) (figure 1). The
remaining 976 key words were associated with an overall
search volume of 9,928,630 queries (76.22%) and were
subcategorized as follows: 1,6080,000 (16.20%) referred
to “dermatologist”, 164,290 (1.65%) to “skin”, 168,120
(1.96%) to “allergy”, and 7,988,220 (80.46%) to “human

Table 1. Top 10 key words.

Key word Urban areaa Rural areaa

Dermatologistb 179 113

Scabies 90 91

AD 74 70

Nail fungus 67 65

Urticaria 60 60

Foot fungus 55 54

Psoriasisc 50 50

Dermatologistd 45

Skin cancer 44 44

Warts 34

Psoriasise 37

Sun allergy 33

aUrban areas include communities with percentage levels above the
national average for: (1) population/employee density; (2) proportion of
settlement and transport area within the community area in 2010; and/or
(3) settlement and transport area development from 2000-2010. Neighbou-
ring communities that also met the above criteria comprised >100,000
inhabitants. Rural areas include communities which do not fulfil these
criteria.bTranslated from the German word “hautarzt”cTranslated from
the German word “schuppenflechte”dTranslated from the German word
“dermatologist”eTranslated from the German word “psoriasis”

skin disease”. The latter category was subdivided into
14 groups, including “psoriasis” (n = 992,980, 12.43%),
“AD” (n = 787,130, 9.85%), and “fungal skin diseases”
(n = 1,174,200, 14.70%) (figure 1).
Over the four years, the total search volume increased
(F = 18.69; p < 0.001). Pairwise comparisons showed a
significant annual increase in the mean number of search
queries from the first to second and from the second to third
year, but not from the third to fourth year.
The most commonly searched key words throughout
Bavaria were “dermatologist” (n = 1,313,500), “scabies”
(n = 750,400), “neurodermatitis” (n = 590,700), “nail fun-
gus” (n = 554,900), and “urticaria” (n = 505,700) (table 1).

Regional comparison
As expected, the highest overall search volume was obser-
ved in the Bavarian urban area (n = 4,970,080), as this is
the larger Bavarian regional group by population (urban:
3,473,272; rural: 1,005,679). However, the number of
search queries per 1,000 inhabitants from June 2015 to
May 2019 was higher in rural areas than urban areas (1,699
and 1,431 queries per 1,000 inhabitants, respectively), with
significant differences in Years 2 and 4 (366.60 vs. 442.37,
p = 0.026; 375.60 vs. 534.85, p = 0.005) (figure 2).
While a significant increase in search volume over the years
was observed for rural areas (F = 21.64; p < 0.001), urban
areas showed an increasing trend but no significant annual
changes (F = 2.69; p = 0.058).
There were regional differences in searches between urban
and rural areas for “human skin disease” (1204.70 vs.
1594.96, respectively; p = 0.012), “skin” (27.50 vs. 45.96,
respectively; p < 0.001), and “allergy” (21.80 vs. 33.04,
respectively; p < 0.001) (table 2). In contrast, “dermatolo-
gist” showed significantly more queries in urban compared
to rural areas (171.70 vs. 137.33, respectively; p = 0.045).
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Figure 2. Trends in the number of Google search queries per 1,000 inhabitants based on human skin-related key words in urban
and rural areas of Bavaria, southern Germany, from June 2015 to May 2019. Urban areas include communities with percentage
levels above the national average for: (1) population/employee density; (2) proportion of settlement and transport area within the
community area in 2010; and/or (3) settlement and transport area development from 2000-2010. Neighbouring communities that
also met the above criteria comprised >100,000 inhabitants. Rural areas include communities which do not fulfil these criteria.
SD: standard deviation
aP values were determined using the student’s t-test to assess differences in yearly search volume queries between urban and
rural areas
*Significance at alpha 0.05.

There were significant differences in the six “human
skin disease” subcategories. Overall, more queries per
1,000 inhabitants were seen in rural areas than urban
areas for “atopic dermatitis” (128.50 vs. 175.22, respec-
tively; p = 0.005), “other eczema” (249.90 vs. 349.33,
respectively; p = 0.003), “psoriasis” (161.70 vs. 200.44,
respectively; p = 0.036), “UV-radiation-related disorders”
(45.80 vs. 61.30, respectively; p = 0.009), “pruritus” (16.60
vs. 33.33, respectively; p < 0.001), and “vitiligo” (20.60 vs.
42.19, respectively; p < .001) (see table 2).

Influencing factors
The inhabitants’ mean age correlated negatively with
the number of search queries per 1,000 inhabitants for
“dermatologist” (r = -0.366; p = 0.026), but positively with
“allergy”, “skin”, and “human skin disease” (r = 0.467;
p = 0.004, r = 0.394; p = 0.015, and r = 0.305; p = 0.066,
respectively). However, there were weak, non-significant
positive correlations between being female and each of
the four categories. Provision of GPs and dermatologists
negatively correlated with the number of search queries per
1,000 for “human skin disease” (GP: r = -0.122, dermato-
logist: r = -0.214), “allergy” (GP: r = -0.129, dermatologist:

r = -0.246), and “skin” (GP: r = -0.060, dermatologist: r = -
0.246). The number of search queries per 1,000 for
“dermatologist” correlated negatively with the number of
GPs (r = -0.245), but positively with the number of dermato-
logists (r = 0.004), both with weak, non-significant effects.

Seasonal variation
Overall search queries for “allergy” and “human skin
diseases” revealed significant seasonality (F = 18.18;
p < 0.001 and F = 5.98; p = 0.002, respectively), as did
all individual disease categories (figure 3). The catego-
ries, “dermatologist” and “skin”, did not demonstrate
any statistically significant seasonal variation (F = 1.02;
p = 0.392 and F = 2.41; p = 0.080, respectively). As figure 3
shows, the overall category “human skin diseases”
showed a search peak during spring (total search
volume for spring from 2015–2019: n = 2,146,960), as
did “psoriasis” (n = 272,420), “general skin alterations”
(n = 244,400), “atopic dermatitis” (n = 231,810), “other
eczema” (n = 215,200), and “urticaria” (n = 140,000).
A search peak in winter was observed for “scabies”
(n = 215,800), “seborrheic dermatitis” (n = 34,650), and
“pruritus” (n = 25,450), and in summer for “fungal
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Table 2. Comparison of rural and urban areas across Bavaria, southern Germany, from June 2015 to May 2019, showing the
most frequently searched key words and differences in human skin-related search behaviour per 1,000 inhabitants.

Category Key word Area Mean (SD) pa

1 Allergy Urban 21.80 (3.80) <0.001*

Rural 33.04 (10.23)

Dermatologist Urban 171.70 (70.25) 0.045*

Rural 137.33 (31.31)

Human skin disease Urban 1204.70 (255.74) 0.012*

Rural 1594.96 (434.28)

Skin Urban 27.50 (6.31) <0.001*

Rural 45.96 (17.11)

2 AD Urban 128.50 (28.56) 0.005*

Rural 175.22 (46.15)

Eczema Urban 249.90 (69.99) 0.003*

Rural 349.33 (90.46)

Psoriasis Urban 161.70 (31.66) 0.036*

Rural 200.44 (52.48)

Scabies Urban 89.00 (22.41) 0.873

Rural 90.78 (31.99)

Seborrheic dermatitis Urban 34.00 (32.45) 0.303

Rural 26.93 (9.21)

Pruritus Urban 16.60 (4.86) <0.001*

Rural 33.33 (10.63)

Warts Urban 47.70 (11.18) 0.442

Rural 51.22 (12.59)

UV-radiation-related disorders Urban 45.80 (8.73) 0.009*

Rural 61.30 (16.91)

Disorders of the skin appendages Urban 66.30 (14.48) 0.216

Rural 75.93 (22.36)

Skin cancer Urban 42.90 (8.48) 0.928

Rural 43.26 (11.38)

Urticaria Urban 59.60 (11.26) 0.705

Rural 57.70 (14.12)

Fungal skin disease Urban 132.80 (33.47) 0.654

Rural 138.70 (35.86)

Vitiligo Urban 20.60 (4.70) <0.001*

Rural 42.19 (16.51)

aP values determined using the students t-test to assess differences in search volume queries per 1,000 inhabitants between urban and rural areas
(*p≤0.05).
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Figure 3. Mean number of Google search queries in each season and month for human skin disease categories in Bavaria, southern
Germany across four years, from June 2015 to May 2019. European seasons were defined as winter (December to February),
spring (March to May), summer (June to August), and autumn (September to November).
aP values were determined using one-way analysis of variance (ANOVA) to assess differences in seasonal search volume queries
*Significance at alpha 0.05.
bIncluding hand, contact, and non-specified eczema.
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skin diseases” (n = 366,400), “UV-radiation-related disor-
ders” (n = 213,400), “warts” (n = 122,000), “skin cancer”
(n = 117,800), and “vitiligo” (n = 48,480). “Disorders of
skin appendance” (n = 145,580) showed a search peak
during autumn.

Discussion

From July 2015 to May 2019, 13,026,660 Google searches
were performed for skin diseases throughout Bavaria, sou-
thern Germany, which provides substantial insight into the
dermatological interest of the Bavarian population. The
results appear to indicate a higher unmet dermatological
demand in rural than urban areas. These findings are par-
ticularly important in order to provide adequate healthcare
and gain useful population-based health information.
Among the 7,988,220 human skin disease-related search
queries, fungal skin diseases, psoriasis, AD, and scabies
were the most frequently searched specific diseases throu-
ghout the urban and rural areas. Thus, the data are in
line with secondary data, as psoriasis, AD, and fungal
skin diseases are among the most relevant dermatologist-
diagnosed skin diseases throughout Germany [27, 28].
Moreover, there was an increase in diagnosis of scabies
cases over recent years in Germany [29], which was also
observed by Wu et al. who assessed scabies-related Google
search volumes [30]. One explanation might be an increase
in information-seeking behaviour because of a shortage of
medical information, which could be due to a lack of GPs
or dermatologists. However, further studies are necessary
to evaluate whether a shortage of physicians in ambulatory
care or other factors, such as low confidence in GPs’ abi-
lities [31], a lack of information due to a shorter length of
consultation [12, 31, 32], or the role of “shared decision-
making” [12], are responsible for the relevant Google search
behaviour.
It is important to note that rural populations sought more
allergy, skin, and human skin disease-related information
on the internet compared to people living in urban areas in
the present study. However, apart from vitiligo [33], these
differences cannot be traced back to prevalence because
these diseases are more prevalent in urban areas [18, 34, 35].
Although observed negative correlations between search
volume and GPs or dermatologists were less evident, one
can assume that the rural population sought more informa-
tion on the internet because of lower GP and dermatologist
density [25]. This is strengthened by reported dissatisfac-
tion with hospital and specialist supply [36], reduced or
delayed use of medical services such as skin cancer scree-
ning [19], and a higher proportion of people aged 65 years
or older who suffer with more skin diseases [37] in rural
areas throughout Germany. However, using the methodolo-
gical options in Google Ads Keyword Planner, “rural area”
in this study also included smaller cities located in areas
defined as rural by the StMWi [24]. It is conceivable that
when examining rural areas without cities, correlations and
differences might be more significant because of even lower
physician density and probably more search queries. Alter-
natively, effects might be similar or even weaker because
of fewer search queries across rural areas resulting from a
higher proportion of people aged 65 years or older (rural:
20.8%; urban: 19.6%) [37] and the existing digital divide

[38]. A decrease in the digital divide that has been achieved
in recent years in Germany can, however, explain why the
scale of search queries in rural and urban areas was similar
during the first year considered, with increasing differences
from 2016 (figure 2) [38].
As expected, considering previous findings [16, 22], the
present analysis clearly shows that scientifically confirmed
seasonal occurrence and diagnosis of skin disease [39, 40]
are directly linked to relevant interest in a population, e.g., as
observed for UV radiation-related disorders (figure 3). For
example, a marked observation was that every significant
increase in scabies Google search volume was linked with a
scabies onset in the corresponding area, such as in Aschaf-
fenburg [41] and Cham [42]. This supports the notion that
ongoing monitoring of specific Google search volume for
infection, but also non-infectious (skin) diseases such as
scabies [30] or melanoma [43], can be employed in the ana-
lysis, detection, and prediction of diseases and epidemics
as well as the prediction of human behaviour with respect
to certain health topics [44, 45].
The fact that key words were excluded from the analy-
sis because they were not assignable to the topic of skin
disease cannot simply be dismissed as an error by Google
Ads Keyword Planner, but rather hint at the public’s inter-
est and needs. For example, skin diseases are reported to
be treated homeopathically [46] and several human skin
disease-related key words were merged with “homeopathy”
as alternative therapies in the present analysis. Furthermore,
skin alterations are widely recognized as side effects of
migraine or headache medications [47].

Study limitations
It is plausible that several limitations may have influenced
the reported results. The overall increase in search queries
must be considered bearing in mind the increased Google
market share (about 89% to 95%) [15] and the percentage of
people using the internet to seek medical information [12],
as well as the change in number of inhabitants from 2015 to
2019 [26]. However, this may not have affected regional dif-
ferences, as no city included in the regional comparison was
later allocated to another area during the time under review
(e.g., from rural to urban area due to population growth)
[24]. Additionally, this might have no relevant effect on
seasonal variation.
Even though 90% of the German population use the internet
[13] and 89% to 95% of these users rely on Google as a
search engine [15], younger age groups use the internet
even more frequently [13].
Furthermore, it is not possible to fully assess the accu-
racy of the data, as monthly search volumes were based on
estimates from Google algorithms, with no detailed infor-
mation. Finally, people’s search behaviour might be biased
by automatic addition of search terms suggested by Google.
Frequently searched terms might be more readily searched,
while less frequently searched terms are neglected.

Conclusion

Google search term analysis was extremely useful in obtai-
ning a broad overview of the Bavarian population’s interest
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in skin diseases. The present study allows reliable conclu-
sions on seasonal and regional differences, showing more
allergy and skin-related search queries per 1,000 inhabi-
tants in rural than urban areas. The rural population may
therefore have a higher demand for specific dermatologi-
cal care. Moreover, the population’s interest increased with
seasonal and sudden occurrence of certain diseases, such
as psoriasis and scabies. It is important to correctly place
professional and reliable websites and online portals that
provide information adjusted for both seasonal and regio-
nal differences, including information on regional medical
healthcare providers, so that they acquire their target group
at the right time, avoiding information overload. For this
purpose, and to provide timed and target-group oriented
medical care, the highly relevant interest in specific skin
diseases reported here should be more closely investigated
in future studies. �
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