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Abstract
Background: The prevalence of allergic fungal rhinosinusitis (AFRS) and its associated risk factors have been an issue of

debate. Some epidemiological factors have been correlated to the disease prevalence.

Objectives: To observe the prevalence pattern of AFRS worldwide and to investigate the effect of specific epidemiological

factors on the disease prevalence.

Methods: A systematic review was derived from 1983 to December 2018. Data on the prevalence of AFRS were collected

from the selected studies. Relevant factors assessing each city’s climate, socioeconomics and geography were used to study

the association with AFRS prevalence.

Results: 35 cities across 5 continents were investigated. The worldwide average rate of AFRS in CRS cases is 7.8% (0.2%–
26.7%) in which more than half of the investigated cities (57%) had low AFRS prevalence, while the remaining cities had inter-

mediate (11%) and high (32%) prevalence. Cities with higher temperatures were associated with a higher prevalence of AFRS

(p-value 0.002), whereas cities with humid continental climate were significantly associated with a low prevalence of AFRS

(p-value 0.032). Humidity and wind speed were lower in the cities with higher AFRS prevalence (p-value 0.018 and

0.008, respectively). There were no significant correlations between AFRS prevalence and economic levels, presence of

water bodies, rainfall amounts, altitude, and presence of forests.

Conclusion: AFRS has a worldwide distribution pattern with varying prevalence. In this ecological study, we observed a co-

rrelation between AFRS prevalence and climatic factors (climate classification, humidity, temperature, and wind speed).

Socioeconomic factors should be analyzed on an individual basis for better assessment of the relationship with disease prevalence.
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Introduction
Over the past 40 years, allergic fungal rhinosinusitis (AFRS)
has been described as noninvasive fungal rhinosinusitis with
unique features compared to chronic rhinosinusitis (CRS).
The disease may expand beyond the paranasal sinuses with
intracranial and intraorbital extensions. This expansile
growth can cause neural, orbital, and cosmetic morbidities.
AFRS is believed to be an inflammatory process rather
than an infection, but the precise mechanism that leads to
such a process is not well understood (1).

Environmental studies are important for AFRS surveil-
lance to identify risk factors that may improve our under-
standing of the disease’s etiology. Despite the prevalence

and impact of the disease, there are limited studies addressing
the relationship between AFRS and environmental factors. In
addition, most of the AFRS environmental studies reported
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the relationship with the severity markers of the disease,
rather than the disease prevalence itself (2–4). Ferguson
et al examined the correlation between AFRS and geograph-
ical regions in the United States (USA) and revealed that
AFRS is more common in the south-central region, which
is known as a warm and humid part of the country (5).
Likewise, socioeconomic status and race were found to be
associated with a higher likelihood of AFRS (2). Although
the climate is always linked to AFRS, the literature lacks
reports of this association.

In this ecological study, we aimed to observe the preva-
lence pattern of AFRS worldwide. We focused on the
effects of three environmental factors (climate, socio-
economy, and geography) on disease prevalence. The
authors tested the current hypothesis that high temperature,
humidity, and coastal regions are proportionally related to
AFRS prevalence. We believe that this work provides the
first population-based description of AFRS prevalence and
its relationship to environmental factors.

Material and Methods
We carried out a systematic review of the published literature
to broadly investigate the prevalence of AFRS in CRS
patients. We searched PubMed, Embase, and Cochrane
Library databases for relevant publications from January
1983 to January 2019 using the search terms “allergic
fungal rhinosinusitis” or “allergic fungal sinusitis” or “eosin-
ophilic fungal rhinosinusitis” or “eosinophilic fungal sinusi-
tis” or “eosinophilic mucin rhinosinusitis” or “eosinophilic
mucin sinusitis”. Institutional Review Board (IRB) of King
Fahad Medical City, Riyadh exempted this study from IRB
approval, as it is a review of published secondary data not
involving direct contact with the study subjects.

All publications specifying the prevalence of AFRS in
CRS cases were included without restriction on the study
design. Non-human, non-English, non-full-text articles,
microbiology/histopathology studies, other types of fungal
sinusitis, and studies lacking the number of AFRS cases
and the denominator (number of CRS cases) were excluded.
The investigators independently reviewed the titles and
abstracts for initial inclusion of the studies. Any disagree-
ment regarding study inclusion was addressed by re-review
with the investigators until a consensus was met. Full-text
articles were obtained following initial assessment of
abstracts. The bibliographies of the full-text articles were
screened to cross-reference any missed studies. The aim of
the systematic review approach is to report only the preva-
lence of AFRS from the eligible studies and not to appraise
the data or synthesize findings qualitatively or quantitatively.

The variables that were included in the analysis were
extracted from two sources. A) From the systematic
review; we extracted the prevalence of AFRS in the City/
State where the study was held. B) The epidemiological

data for each City/State was retrieved separately from inter-
national and national databases as the following:

1. The Economy of each State was categorized according to
the World Bank classification. Based on the Gross
National Income per capita, the economies are catego-
rized as high, upper-middle, lower-middle, and low econ-
omies (6). Due to the small number of countries in the
upper-middle and lower-middle categories, they were
combined into one class (middle).

2. The Race classification of each State was obtained from
national health institution databases.

3. The Climate of each city in the study was labeled based
on the modified Köppen-Geiger climate classification,
an empirical classification that groups each climate
type according to one or more aspects of the climate
system (7). The five main groups are A (tropical), B
(dry), C (temperate), D (continental), and E (polar).
Each main group is further divided by seasonal precipita-
tion type and heat except for group B that is divided by
aridity (7).

4. The average annual temperature (degree Celsius), the
average annual humidity (percentage), the average
annual rainfall (centimeter), the average annual wind
speed (kilometer per hour), presence of water bodies
(ie, ocean, sea, river, lake), the level of the city’s altitude
measured in meters above sea level for each city
which has been defined and determined by the
National Centers for Environmental Information
(NCEI) (8).

5. The forest cover of each city as defined by the Food and
Agriculture Organization (FAO) of the United Nation (9).

We classified AFRS prevalence (percentage of AFRS cases
among CRS cases) to low (<5%), intermediate
(5.1%–10%), and high (>10.1%) to measure the correlation
between different environmental factors and the disease prev-
alence. The literature lacks a validated categorization of
AFRS prevalence; therefore, we based this classification on
the agreement of an international panel of experts that we ini-
tiated for this reason.

The continuous variables (temperature, humidity, rainfall,
and attitude) are expressed as mean ± standard deviation
(SD), whereas the categorical variables (prevalence,
economy, climate, water, etc) are presented as numbers and
percentages. An independent sample t-test was used to find
the mean significant difference between each continuous var-
iable and the prevalence. To determine the relationship
between categorical variables, we applied Pearson’s
Chi-square test, unless the expected frequency was less
than five, in which case Fisher’s exact test was applied. A
p-value <0.05 was considered significant. All data were
entered and analyzed through statistical package SPSS 22
(SPSS Inc., Chicago, IL, USA).
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Results
Eighteen studies were enrolled in our review, which included
a total of 35 States/Cities reporting the prevalence of AFRS
(5,10–26) (Figure 1). The average prevalence of AFRS in
CRS cases is 7.8% (0.2% - 26.7%) in which more than half
of the cities (57%) had low AFRS prevalence, about a third
(32%) had high prevalence, and the remaining (11%) had
intermediate prevalence (Table 1) (Figure 2).

Regarding the economic level of our studied countries, 74%
had a high economic level, 23% had a moderate economic level,
and only one country (3%) had a low economic level.

Regarding the Köppen climate classification of our studied
cities, more than half of them (54.3%) belonged to class C (tem-
perate), 28.6% belonged to class D (continental), and equal per-
centage (8.8%) belonged to class A (tropical) and B (dry).
When further classified by the Köppen climate (subgroup) clas-
sification, most of the cities (40%) had humid subtropical cli-
mates or humid continental climates (28.6%). The remaining
cities hadMediterranean, marine west coast, tropical/subtropical
desert, tropical wet-dry, mid-latitude steppe/desert, and wet
equatorial climates (<10% each) (Table 2).

The average annual temperature ranged between 6 °C and
32 °C with a median of 15 °C (mean 16.4 °C ± 7.2 °C).
Humidity ranged between 25% and 82% with a median of
76% (mean 71.2% ± 12.8%). Rainfall amounts ranged

between 1.0 and 309.7 cm with a median of 100.0 cm (mean
92.0 ± 67.4 cm). The wind speed ranged between 3 and
34 km/h with a median of 25 km/h (mean 21.1 ± 9.4 km/h).

When examining the geographical data, we found that there
were water bodies in all of the cities except for Riyadh, Saudi
Arabia. These water bodies included rivers, lakes, canals,
seas, and/or oceans. The altitudes ranged between 2 and
2194 m above sea level with a median of 150 m (mean 342
± 501 m). Forest cover ranged from 1% to 77% of the total
city area with a median of 29% (mean 32% ± 22%) (Table 3).

The univariate analysis revealed that major climate class D
and its subtype (humid continental climate) were significantly
associated with a low prevalence of AFRS (p-value 0.032),
while the subtype Mediterranean climate (class C) was associ-
ated with the intermediate prevalence (p-value 0.03). Higher
temperatures were associated with higher prevalence of AFRS
(p-value 0.002). In contrast, humidity and the wind speed
were both lower in the higher prevalence areas (p-value 0.018
and 0.008, respectively). There were no significant correlations
between AFRS prevalence and economic levels, water sources,
rainfall, altitudes, and forests (Table 4).

Discussion
AFRS is now considered to be one of the main subtypes of
CRS. The awareness of medical practitioners about the

Figure 1. Flow diagram of included and excluded studies.
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challenges in the diagnosis and treatment of the disease is
increasing, yet the epidemiological and etiological studies
of AFRS are scarce. This type of studies is useful in under-
standing as well as in the management of the disease. Our
study design aimed to observe – at a population scale – the
possible association of epidemiological risk factors on the
prevalence of AFRS.

Climatic factors
The Köppen-Geiger system classifies Earth climate into five
main groups and 30 sub-types based on seasonal precipita-
tion and temperature patterns along with the corresponding
vegetation. Temperature defines all the climactic zones
except for B, as the determining factor for vegetation here
is dryness. The five main groups are represented by capital
letters as the following: A – Tropical Moist Climates
(average temperature above 18 °C in all months with signifi-
cant precipitation), B – Dry Climates (little precipitation for
most of the year with an average temperature lower than
10°C), C – Moist Mid-Latitude Climates with Mild
Winters (the coldest month averaging between −3 °C and

18°C), D – Moist Mid-Latitude Climates with Cold
Winters (has at least one month averaging below −3 °C
and at least one month averaging above 10 °C), and E –
Polar Climates (extremely cold summers and winters).

It has been suggested that living in warm and humid cli-
mates increases the risk of developing AFRS (27).
However, no reports in the literature have directly tested
this hypothesis. In our analysis, we found that AFRS has
been reported in all major climate types (A–D) except in
class E (polar), which is significantly less populated.
Additionally, AFRS has been reported in 72% (8 out of 11)
of the Köppen climate (subgroup) classification. Two-thirds
of the reported cities were in the humid subtropical climate
and the humid continental climate. Our results failed to
prove the hypothesis of the presence of a correlation
between climate type and high AFRS prevalence.
However, there is a statistically significant relationship
between low AFRS prevalence and the humid continental
(class D) and Mediterranean climates (class C).

Although there was no relationship between climate type
and high AFRS prevalence, there was a significant relation-
ship between high AFRS prevalence and temperature.
Previous studies described the seasonal predilection for
higher rates of detection of certain fungus species in cultures,
but not the association with the disease prevalence itself. Shin
et al reported that, in Korea, there was a higher rate of posi-
tive cultures for sinonasal fungi during summer and fall (28).
In contrast, Chakrabarti et al and Hashemian et al reported
higher counts of fungi during the winter in India and Iran,
respectively (12,29). It is important to consider that the sea-
sonality of fungal spores might be of significant correlation to
acute fungal diseases rather than chronic conditions like
AFRS (30).

We found a significant association between AFRS preva-
lence and humidity as well as wind speed. Unexpectedly, the
means of humidity and wind speed were higher in the low
AFRS prevalence. There are no previous reports in the liter-
ature on these associations to compare with our results.
Further discussion on the effect of humidity on AFRS will
follow in the socioeconomic factors section as it is related
to housing humidity and not climatic humidity. The influence
of wind speed on fungal aerosol concentrations throughout
different seasons has been previously examined. One study
in a southern tropical Indian region sampled and quantified
the three most common allergenic airborne fungi,
Aspergillus fumigatus, Cladosporium cladosporioides, and
Alternaria alternata, using quantitative PCR (qPCR) for
one full year. They found that wind speed exhibited a sub-
stantial influence on the atmospheric concentrations of aller-
genic fungal aerosols (31). Interestingly, hurricanes were
found to have a role in the increment of Aspergillus concen-
tration in the air and in homes (32). After Hurricane Katrina
and Rita, reports showed a correlation between the post-
hurricane environment and sinonasal as well as respiratory
fungal diseases (33,34).

Table 1. Basic Characteristics of the Categorical Parameters.

Characteristics Descriptions N (n%)

Prevalence of AFRS Low (<5%) 20 (57.1%)

Intermediate

(5.1%–10%)

4 (11.4%)

High (>10.1%) 11 (31.4%)

Economy class Low 1 (2.9%)

Moderate 8 (22.9%)

High 26 (74.3%)

Köppen-Geiger climate

classification

A (Tropical) 3 (8.8%)

B (Dry) 3 (8.8%)

C (Temperate) 19 (54.3%)

D (Continental) 10 (28.6%)

E (Polar) 0 (0%)

Köppen-Geiger climate

classification

(subgroups)

Humid subtropical

climate (Cfa, Cwa)

14 (40.0%)

Humid continental

climate (Dfa, Dfb)

10 (28.6%)

Marine west coast

climate (Cfb)

2 (5.7%)

Mid-latitude steppe and

desert climate (BSh)

1 (2.9%)

Tropical and subtropical

desert climate (BWh)

2 (5.7%)

Mediterranean climate

(Csa, Csb)

3 (8.6%)

Tropical wet-dry climate

(Aw)

2 (5.7%)

Wet equatorial climate

(Af)

1 (2.9%)

Water Yes 34 (97.1%)

No 1 (2.9%)
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Major sandstorms are frequent in the Middle East; the
Arabian Peninsula has the second highest frequency of sand-
storms in the world after the Sahara Desert in Africa (35).
The pathogenic effect of dust inhalation on airway tissues
can be attributed to the presence of biologically active com-
pounds (spores, fungi, bacteria, and viruses) (36).
Meningococcal meningitis is a serious health problem in
West Africa, and the incidence of the epidemics appears to
be related to the timing and severity of Saharan dust storms
(37). Likewise, asthma, pneumonia, allergic rhinitis, and
other respiratory diseases have been correlated to the dust
intrusions (36). However, the literature lacks reports studying
the correlation between sand/dust storms and AFRS preva-
lence. Fergusson et al examined the relationship between
mold peak level and the incidence of AFRS but found no cor-
relation (5).

Socioeconomic factors
Ecological study is an epidemiological assessment in which
the unit of analysis is populations rather than individuals.
Therefore, we were obliged here to use the socioeconomic
parameters of the countries rather than the individuals. The
disease was reported from all economic classes with no sig-
nificant association with the prevalence of AFRS. However,
the effect of socioeconomic class on the disease was demon-
strated on an individual level by previous studies, mostly
from the USA (2–4). These reports rely mainly on the
medical insurance status of the patient as an indicator of
the socioeconomic class. Additionally, county-specific

information, like percentage of counties with higher
poverty, rural counties, residence in counties with poor-
quality housing, median household income, and county-
based income per capita, were considered. These studies
showed a significant correlation between the aforementioned
indicators of the socioeconomic status and the prevalence and
severity of AFRS (2,4). Previous studies in Pakistan reported
that poor socioeconomic status was associated with AFRS
prevalence. However, this outcome measure was not quanti-
fied in their reports (38,39).

All human races were presented in this study in both low
and high prevalence. Stratifying the study group based on the
race was challenging; therefore, we were unable to investi-
gate the association. The relationship between AFRS and
race has been mentioned in the literature on an individual
level. In the USA, Wise et al and Myers et al reported a
higher incidence of AFRS in African-Americans (2,4).
Notwithstanding, there are contradicting reports regarding
the predilection of disease severity indicators (like bone
erosion) between different races (40,41). When discussing
race as an independent factor to AFRS, we should mention
that all studies reporting race/ethnicity in relation to AFRS
are from the USA. This is likely because it has a racially
and ethnically diverse population. The positive association
between the disease prevalence and race should be carefully
interpreted, as there are confounding factors such as socioe-
conomic class, genetic predisposition, and environmental
factors.

Living in houses that are affected by humidity damage and
dampness has been correlated to adverse airway diseases like

Figure 2. Prevalence pattern of AFRS on a world map.
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asthma. Exposure to microbes including fungi and spores is
believed to have a contributing role. The relationship
between housing and AFRS has been reported using different
indicators. Mustafa et al found a significant association
between AFRS and small surface area of the residence
(42). Counties with older and/or with poor-quality buildings
were correlated to the severity of AFRS (40). In contrast,
Myers et al reported a negative association between AFRS
and residing in housing units older than 30 years (4).
Household occupancy and overcrowded housing were not
statistically associated with AFRS (4,43). The presence of
air conditioning (AC) in the home is thought to affect mold
exposure. Both positive association and no association

between the presence of AC and AFRS have been reported
(5,42).

Previous studies have not found a clear association
between living in rural or urban locations and the prevalence
of the disease (4,5,43). However, Miller et al reported a
higher likelihood of orbitocranial involvement in AFRS
cases among patients living in rural areas (40).

Geographical factors
Geographical factors, including high altitude, presence of water
bodies, and proportion of forest cover in the area, are related to
the mycological profiles as most fungi are found in soil, wood,

Table 2. AFRS Prevalence of the Cities with the Climate Classification.

City/State Country AFRS Prevalence

Köppen climate

classificationa
Köppen climate

classification (subgroups)b

1 Selangor Malaysia 26.7% A Af

2 Memphis, TN USA 22.8% C Cfa

3 Patan Nepal 22.0% C Cwa

4 Vellore India 19.2% A Aw

5 Punjab/Haryana India 15.3% B BSh

6 Dallas, TX USA 15.0% C Cfa

7 Riyadh Saudi Arabia 14.5% B BWh

8 Savannah, GA USA 13.4% C Cfa

9 Norfolk, VA USA 13.1% C Cfa

10 Ankara Turkey 13.0% C Csa

11 Khobar Saudi Arabia 12.1% B BWh

12 Cullman, AL USA 10.0% C Cfa

13 Mashhad Iran 9.5% C Csa

14 Adelaide Australia 8.6% C Csb

15 Toulouse France 8.5% C Cfb

16 Charleston, SC USA 4.6% C Cfa

17 Santa Fe, NM USA 4.4% C Cfb

18 Tampa, FL USA 4.4% C Cfa

19 Cape Cod, MA USA 4.2% D Dfb

20 Rochester, MN USA 4.0% D Dfb

21 Iowa City, IA USA 3.7% D Dfa

22 Ann Arbor, MI USA 2.8% D Dfa

23 Cleveland, OH USA 2.8% D Dfa

24 Porto Alegre Brazil 2.7% C Cfa

25 Missoula, MT USA 2.6% D Dfb

26 Livingston, NJ USA 2.5% D Dfb

27 Morgantown, WV USA 2.5% C Cfa

28 Ormond Beach, FL USA 1.7% C Cfa

29 Columbia, MO USA 1.4% C Cfa

30 Belgrade Serbia 1.3% D Dfa

31 Durham, NC USA 1.2% C Cfa

32 Bangkok Thailand 1.0% A Aw

33 Omaha, NB USA 1.0% D Dfa

34 Pittsburgh, PA USA 0.9% D Dfb

35 Salt Lake City/Bountiful/UT USA 0.2% C Cfa

aThe five main groups are A (tropical), B (dry), C (temperate), D (continental), and E (polar).
bThe climate subgroup classification: Wet equatorial climate (Af), Tropical wet-dry climate (Aw), Mid-latitude steppe and desert climate (BSh), Tropical and

subtropical desert climate (BWh), Humid subtropical climate (Cfa, Cwa), Marine west coast climate (Cfb), Mediterranean climate (Csa, Csb) and Humid

continental climate (Dfa, Dfb).
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and decomposing plant debris. These factors are linked to mold
growth (high values are associated with the presence of water
bodies and forests, and low values are associated with high alti-
tudes). In our analysis, there was no significant correlation
between theses geographical factors and the prevalence of AFRS.

Ferguson et al reported a higher incidence of AFRS along
the Mississippi basin and the south-central USA (5). The
apparent predilection of AFRS for certain geographical
areas can most likely be explained by differences in climatic,
socioeconomic, racial, and environmental factors. Notably,
most of the cities in our study were the capital or major
cities within the country/state. Therefore, measures of the
geographic factors of certain areas do not necessarily repre-
sent the residential location of all patients. Lack of healthcare
systems or expertise in some areas may drive patients to seek
treatment in other cities, resulting in inaccurate reporting of
the geographical prevalence of the disease.

It is important to mention that all climatic, socioeconomic,
and geographic factors are not totally independent. These
factors are linked to each other, and one should be cautious
of confounding factors, especially when the inference associ-
ation is positive.

The results reported in this study should be considered in
light of some limitations. First, the small number of cities
included in this analysis is one of the limitations that restricted
our conclusions. Despite the widespread prevalence of AFRS,
the reported incidence/prevalence of the disease is modest.
Many of the reported studies are from the USA, yet this study
represents five continents. The second limitation is the inconsis-
tency of the diagnostic criteria of AFRS that have been contro-
versial since the early description of the disease. The diagnostic
dilemma may result in an underestimation of the true preva-
lence. Third, the socioeconomic factors (race and economy)
were not measured at an individual level and this is related to

Table 3. Descriptive Analysis of Continuous Parameters.

Characteristics Minimum Maximum Median Mean ± SD

Temperature 6 32 15 16.4 ± 7.18

Humidity (%) 25 82 76 71.23 ± 12.74

Rainfall Centimeter (Cm) 1 309 100 92.01 ± 67.35

Wind Speed (Km/h) 3 34 25 21.11 ± 9.38

Altitude Meter (m) 2 2194 150 341.51 ± 501.04

Forests (%) 1 77 29 31.74 ± 21.8

Table 4. Association Between Prevalence of AFRS and Study Characteristics.

Prevalence of AFRS

Low

(n = 20)

Intermediate

(n = 4)

High

(n= 11) p-value

Economy Low 0 (0.0%) 0 (0.0%) 1 (9.1%) 0.692

Moderate 3 (15.0%) 1 (25.0%) 4 (36.4%) 0.763

High 17 (85.0%) 3 (75.0%) 6 (54.5%) 0.485

Köppen-Geiger

climate classification

A 1 (5.0%) 0 (0.0%) 2 (18.2%) 0.736

B 0 (0.0%) 0 (0.0%) 3 (27.3%) 0.127

C 9 (45.0%) 4 (100.0%) 6 (54.5%) 0.397

D 10 (50.0%) 0 (0.0%) 0 (0.0%) *0.032

Köppen-Geiger climate

classification (subgroups)

Humid subtropical climate 8 (40.0%) 1 (25.0%) 5 (45.5%) 0.972

Humid continental climate 10 (50.0%) 0 (0.0%) 0 (0.0%) *0.032

Marine west coast climate 1 (5.0%) 1 (25.0%) 0 (0.0%) 0.485

Mid-latitude steppe and desert climate 0 (0.0%) 0 (0.0%) 1 (9.1%) 0.690

Tropical and subtropical desert climate 0 (0.0%) 0 (0.0%) 2 (18.2%) 0.372

Mediterranean climate 0 (0.0%) 2 (50.0%) 1 (9.1%) *0.030

Tropical wet-dry climate 1 (5.0%) 0 (0.0%) 1 (9.1%) 0.974

Wet equatorial climate 0 (0.0%) 0 (0.0%) 1 (9.1%) 0.690

Temperature (°C) Mean ± SD 13.35 ± 5.92 15.5 ± 1.29 22.27 ± 7.14 *0.002

Humidity (%) Mean ± SD 76.35 ± 3.45 65.25 ± 13.96 64.09 ± 18.66 *0.018

Rainfall (cm) Mean ± SD 88.58 ± 42.29 38 ± 71.34 123.63 ± 96.81 0.097

Wind Speed (Km/h) Mean ± SD 25.2 ± 7.92 14.5 ± 7.19 16.09 ± 9.27 *0.008

Altitude (m) Mean ± SD 338.25 ± 563.39 381.75 ± 415.05 332.82 ± 444.99 0.986

Forests (%) Mean ± SD 34.6 ± 22.16 31.75 ± 28.3 26.55 ± 19.9 0.630
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the study design.We used the national aggregate data as the best
available approach to address this limitation. Additionally,
uncontrolled confounding, which is the nature of ecological
studies, restricts the results of the aggregate data. We tried to
include as many confounding factors as possible where the rela-
tionship to AFRS was legitimate.

Despite these limitations, our analysis presented a rational
methodology in studying climatic and geographic variations
in relation to AFRS prevalence. We used three macro-
epidemiological measures to perform international compari-
sons and study area-level effects. Our analysis is the first to
describe the climatic specification of each region in relation
to AFRS. However, a multi-institutional study with appropri-
ately defined epidemiological data is needed to gain a more
complete understanding of the disease etiology.

Conclusion
AFRS has an international distribution pattern that is increas-
ing with the rise in disease awareness. AFRS is presented in
variable rates in different climatic, socioeconomic, and geo-
graphic factors. The disease prevalence showed predilection
toward climatic factors. Further studies with individual-
specific demographics and socioeconomic status are needed
to assess the possible association and etiology.
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