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ABSTRACT
Asthma is a chronic respiratory disease affecting over 358 million people worldwide; for this
reason analysing big data on asthma from different countries could give a more detailed picture of
current disease burden.
We aim to investigate the correlations between asthma and key socio-demographic parameters
from different world databases. We found a direct correlation with the gross domestic product
(GDP) per capita and its nominal counterpart, with wealthiest countries seen to have the highest
prevalence of asthma, as also confirmed by a similar correlation with the human development
index (HDI). A positive correlation was also seen between asthma prevalence and a number of
socio-cultural data being representative of a good life quality index and prevalent in more
developed and wealthier countries. Concerning medical data, an inverse relationship was seen
between asthma prevalence and helminthiasis.
Those data indicate a higher prevalence for asthma in more developed countries, where socio-
economic status is higher and also the access to medical care is more ubiquitous. The approach
used in our study highlighted the role of medical literacy and access to healthcare facilities in the
correct diagnosis of asthma and vice versa. Our data appear to be suitable in terms of a health
programming approach because of the high burden of disease worldwide.
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INTRODUCTION

Asthma is one of the most common chronic
diseases worldwide, affecting over 358 million in-
dividuals. These individuals are heterogeneously
distributed throughout the world, and such distri-
bution appears to be irrespective of the degree of
development.1 As reported by the GINA
guidelines, asthma is a heterogeneous disease in
terms of symptoms, age of onset, and
endotyping and phenotyping, with phenotypes to
be defined as “observable characteristics that
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result from a combination of hereditary and
environmental influences”.2

During the last years, several studies have been
published on asthma worldwide prevalence and
risk factors in large cohorts from different coun-
tries.3,4 Despite this, there are still scarce data on
correlations of asthma with key socio-economic
indicators.

Big data about large populations may generate
models more robust and generalizable. Indeed, as
the population studied or sample size approaches
the majority of the whole population, then the
observations used begin to be always closer to a
trustworthy description of the population.5

A recent paper by Fishe and colleagues evalu-
ated the prodromal correlates of asthma using big
data for a multi-domain analysis of demographic,
Variable Countries

Asthma 70 worldwide
countries

Population, Population Density,
Mean age, Gross Domestic
Product (GDP), Nominal GDP,
Gini, HDI, yearly average
temperature

Global

Education Index Global

Total Fertility Rate Global

Social development indices Global

Pollution index Global

Pets ownership 22 worldwide
countries

Green areas European
countries

Vaccination Global

Calories consumption Global

Table 1. Databases used to extract the relevant variables for the prese
clinical, and socio-ecological predictors of asthma
in Florida, United States.6 We here aim to
investigate the correlations between asthma and
key socio-demographic parameters from different
world databases.
MATERIALS AND METHODS

Data sources

Several databases and scientific articles were
used for searching the different parameters used
in the present work. To the benefit of the reader,
we tried to summarize the databases used for this
analysis in Table 1.

In more detail, concerning data for asthma
prevalence around the world, the paper by To and
colleagues was employed,4 as actually being the
Reference(s)

4

Wikipedia (see previously7)

United Nations Development Programme,
2016

World Bank Data, https://data.worldbank.org/
indicator/SP.DYN.TFRT.IN

International Institute of Social Studies, https://
www.indsocdev.org/

WHO, https://www.numbeo.com/pollution/
rankings_by_country.jsp?title¼2020

GFK, https://cdn2.hubspot.net/hubfs/
2405078/cms-pdfs/fileadmin/user_upload/
country_one_pager/nl/documents/global-gfk-
survey_pet-ownership_2016.pdf

European Environment Agency, https://www.
eea.europa.eu/data-and-maps/figures/
percentage-of-green-and-blue

WHO, https://www.who.int/immunization/
monitoring_surveillance/data/en

https://ourworldindata.org/diet-compositions
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most recent and complete collection of
quantitative evidences in the specific field.

As for economic indicators, as already done
previously,7 the majority of them were retrieved
using the related Wikipedia pages, including
those for countries’ Population, Population
Density, mean age, Gross Domestic Product
(GDP) and Nominal GDP (both Per Capita), the
Gini Coefficient of wealth distribution (an index
of overall income inequality, ranging from 0,
where everyone has the same income, to 1,
where inequality is maximal), the Human
Development Index (HDI, a composite index of
life expectancy, education, and per capita
income indicators ranging from 0 to 1). The same
free, web-based source was also used for yearly
average temperature, taking into account the
period between 1961 and 1990, based on gridded
climatologies from the Climatic Research Unit
elaborated in 2011, and for the Education Index,
dated back to 2015 and published in the Human
Development Report 2016 (United Nations Devel-
opment Programme, 2016).

On the other hand, information about the fertility
rate (Total Fertility Rate, TFR, defining the total
number of children born or likely to be born to a
woman in her life time) was retrieved per each
country according to the World Bank data (https://
data.worldbank.org/indicator/SP.DYN.TFRT.IN). The
different social development indices were taken by
the data from International Institute of Social
Studies (https://www.indsocdev.org/).

Data about pollution were retrieved from the
publicly available website Numbeo (https://www.
numbeo.com/pollution/rankings_by_country.jsp?
title¼2020) referring to 2020 data provided by the
World Health Organization (WHO). As for pet
ownership by country, a survey conducted in 2015
by the GFK in 22 countries was taken as a reference
(https://cdn2.hubspot.net/hubfs/2405078/cms-
pdfs/fileadmin/user_upload/country_one_pager/
nl/documents/global-gfk-survey_pet-ownership_
2016.pdf).

Green areas are often calculated throughout the
world in a different manner; therefore, it is quite
hard to find uniform criteria for their quantification.
Since the aim of the present study is to retrieve
possibly existing correlations between clinical con-
ditions and environmental, social, and economic
factors, we decided to pick up data from just 1
database per indicator, avoiding the risk of dis-
omogeneity of data sources. In light of this, green
areas were considered for European countries only,
and retrieved, updated in 2012, via the official Eu-
ropean Environment Agency website (https://www.
eea.europa.eu/data-and-maps/figures/percentage-
of-green-and-blue).

Data about vaccines were retrieved by the WHO
databases (https://www.who.int/immunization/
monitoring_surveillance/data/en). Finally, data
concerning food consumption (total calories, pro-
teins and fats) were collected by the work.

Statistical analysis

In order to correlate clinical data with the other,
possibly related features, we applied a bivariate
correlation using Spearman’s Correlation Test,
with a Bonferroni post-hoc analysis correcting for
multiple comparison. In all cases, statistical signif-
icance was assumed at p < 0.05. Correlation level
was classified as: small (when 0.1 � r < 0.3), me-
dium (0.3 � r < 0.5), large (r � 0.5).
RESULTS

At first, asthma prevalence was correlated with
demographic data. In particular, in this specific
category, data included are: i) overall population,
ii) population density, iii) GDP, iv) GDP per capita,
v) GDP nominal, vi) GDP nominal per capita, vii)
GINI, viii) HDI, ix) fertility rate, and x) mean popu-
lation age.

Table 2 reports correlation data in terms of “r”
and “p” values.

The second correlation analysis was performed
with socio-cultural indicators, including: i) civic
activism, ii) intergroup cohesion, iii) clubs and as-
sociations, iv) interpersonal safety trust, v) gender
quality, vi) social inclusion, vii) education index, viii)
owning of pets, ix) owning of dogs, x) owning of
cats, xi) owning of fishes, xii) owning of birds, xiii)
and owning of other pets.

The related results are reported in Table 2.

Environmental data were taken into account in
the correlation with asthma. Notably, such features
included: i) mean yearly country temperature, ii)
pollution index, iii) green areas, iv) food
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Temperature Pollution
Index Green Areas Food Protein Fat

R �.149 �.679 .165 .235 .436 .460

P .226 <.001** .500 .055 <.001** <.001**

Vaccination
Index

Cysticercosis Helminthiasis

R 0.107 �0.172 �0.346

P 0.384 0.162 0.004*

Table 3. Correlation values between asthma and environmental data (**: p < .01 after Bonferroni correction) and between asthma and medical data (*: p < .05 after Bonferroni
correction)

Population Density GDP GDP Per
Capita

GDP
Nominal

GDP Nominal
Per Capita GINI HDI Fertility Mean Age

R �.225 .098 .199 .577 .314 .590 �.320 .549 �.304 .349
P .065 .424 .103 <.001** .009 <.001** .008 <.001** .012 .004*

Civic
Activism

Intergroup
Cohesion

Clubs and
Associations

Interpersonal
Safety Trust

Gender
Equality

Inclusion Education
Index

Pets Dogs Cats

R .615 .474 .169 .402 .406 .570 .517 0 .145 .376
P <.001** <.001** .209 .001* .001* <.001** <.001** 1 .593 .151

Table 2. Correlation values between asthma and demographic data (*: p < .05, **: p < .01 after Bonferroni correction) and between asthma and socio-cultural data (*: p < .05,
**: p < .01 after Bonferroni correction)
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consumption, v) protein consumption, and vi) fat
consumption. Related results are displayed in
Table 3.

Finally, medical data were correlated with
asthma, with respect to: i) vaccination index, ii)
cysticercosis, iii) helminthiasis, with results dis-
played in Table 3.
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DISCUSSION

All the considerations drawn from the current
data are intended to be based on a global level
analysis of the results obtained. According to the
data retrieved here, the country-based prevalence
of asthma is correlated with some socio-economic
indicators. In particular, a direct correlation with
the GDP per capita and its nominal counterpart
was observed, with wealthiest countries in the
entire globe seen to have the highest prevalence
of asthma, as also confirmed by a similar correla-
tion with the HDI. A weak correlation with the
mean age of the country population was also seen,
possibly as a consequence of the relationship be-
tween a better economic status and higher life
expectancy worldwide.

Reasonably concerned with that, a positive cor-
relation for asthma prevalence was also seen with a
number of socio-cultural data, including civic
activism, intergroup cohesion, gender equality,
social inclusion, and education index, all of them
being representative of a good life quality index
and, naturally, prevalent in more developed and
wealthier countries throughout the world.

When it comes to environmental data, it is
important to stress the presence of a strong,
negative correlation between asthma prevalence
and pollution index, with least polluted countries
showing higher amounts of asthma cases. Con-
cerning eating habits, countries with the highest
consumption of proteins and fats per capita were
the ones where asthma was deemed more
prevalent.

Finally, concerning medical data, a moderate,
inverse relationship was seen between asthma
prevalence and helminthiasis, possibly due to the
high prevalence of this medical issue in underde-
veloped countries.
Taken together, those data probably indicate a
higher prevalence for asthma in more developed
countries, where socio-economic status is higher
and also the access to medical care is more
ubiquitous, making asthma diagnosis easier than
in other parts of the globe. Albeit apparently
counterintuitive, this possible explanation is
made reasonable checking the actual literature. In
fact, most of the published works have found
higher prevalence of asthma and respiratory dis-
eases in those subjects with a lower socio-
economic status.8–11 However, those works are
mainly conducted on cohorts that are living in a
somewhat uniform geographical area, and
therefore with similar access levels to healthcare
facilities. These data are also reported in a study
conducted to investigate the socioeconomic and
environmental predictors of Asthma-Related
mortality worldwide.12

On the other hand, our research made use of
worldwide data concerning country-based preva-
lence and variables taken into account, therefore
highlighting the possible role of medical literacy
and access to healthcare facilities in the correct
diagnosis of asthma and vice versa.13 Under this
light, taking into account the various limitations
of our approach including the statistical methods
employed as well as the large heterogeneity of
the data sources, our data appear to be suitable
in terms of a health programming approach
because of the high burden of disease
worldwide and possibly suggest a need for a
more in-depth investigation of asthma and similar
conditions in underdeveloped countries, where
the disease seems to be less prevalent, possibly
due to underdiagnosis occurrence.
Abbreviations
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Domestic Product; HDI, Human Development In-
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