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Abstract

bout 334 million people worldwide have been affected by asthma and additionally 100 million

expected to have asthma by the year 2025. Being the sixth most populous and economically

developing country and with the increasing trend of urbanization and due to poor health
facilities, lacking the knowledge of the causes of the disease, increased pollutant exposures and
consanguineous marriages, Pakistani population has greater chances of asthma and allergic diseases.
Almost 20% of overall pediatric population of Pakistan is affected by this disease. In the past, only
environmental factors were considered responsible for asthma but now it is a well-known fact that genetic
factors have major contribution in the development of the disease. Poor knowledge of the possibility of
genetics involved in this disease has been very common in both uneducated as well as educated population
of this region. There is no doubt today that genetics have a major role in the exhibition of asthma but
unlike other Mendelian disorders it cannot easily be identified by a single or a simple set of associated
genes, rather small contributions of multiple genes and environmental exposure to asthmatic patients may
be found. Our focus in this article is genetic factors of asthma in Pakistan. More than 100 genes associated
with asthma have already been reported in different populations worldwide but generally, due to an
ignored disease in this region, possible genetic causes, impacts, management and treatment of the disease
has rarely been studied in Pakistan. This article was intended to explore some latest developments in
asthma genetics, diagnosis, prognosis and management and suggest some recommendations to control

this deadly disease.
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Introduction

Asthma is a chronic bronchial and inflammatory
disorder of airways. It is exploited by multiple cellular
elements and immune cells which include T-
lymphocytes, mast cells, macrophages, neutrophils,
epithelial cells and eosinophils. In asthmatic patients,
the immune response leads to coughing, recurrent
wheezing episodes, chest tightness and breathlessness
[1]. A high pitch whistling and variable airflow
obstruction are the visible symptoms of asthma
susceptibility [2].

Globally asthma is one of major chronic disease [3]
and its prevalence is continuously increasing [4]
especially in low and middle income countries [5]. The
statistical data of few decades have shown increased
prevalence in both children and adults which may be
due to changes in indoor-outdoor environment, climate
and lifestyles [3,6]. Due to increased prevalence of
asthma and higher morbidity rate, asthma has become a
major global health concern [4].

Multiple risk factors, including poor compliance,
non-affordability of medications, lack of follow-ups,
incorrect perception of the use of inhalers, non-
availability of healthcare facilities, lower socioeconomic
status,
environmental triggers and genetic aspects may be

lack of proper education, along with
involved in the overall increase in the prevalence of the
disease in different populations [7-9]. Being the sixth
most populous and economically developing country
and with the increasing trend of urbanization and
western lifestyle population, Pakistan has the greater
chances of asthma and allergic diseases due to an
increased exposure of pollutants along with a trend of
[10-12]. We
literature regarding the status of prevalence, diagnosis,

consanguineous marriages searched
management, mortality and understanding of genetics
or genes involved in asthma. A special focus was
Pakistan and other neighboring countries. We have
found that it is mostly the ignored disease in the
countries like Pakistan and rarely has been studied.
Genetic variants and factors involved in the disease
development had rarely been investigated in Pakistan in
the past until few studies in the last five years [13]. This
review is intended to discuss the level of understandings
of genetics and status of diagnosis, prognosis,
management and treatment of asthma in the region.

Methods

Literature search strategy and selection criteria

A systematic search was carried out from PubMed
(NLM), Web of Science, Google Scholar and Google
Web Browser by providing key terms “asthma, asthma
Genetics, asthma prevalence, asthma risk factors,
asthma management, asthma pharmacogenomics etc”.
The literature found was further screened for inclusion
according to their contents. In this study, more than 100
peer reviewed research articles were selected.

Discussion

ASTHMA PREVALENCE AND PAKISTAN
Currently, approximately 334 million people around
the globe have been affected by asthma [3] and
additionally 100 million expected by the year 2025 [4].
Yearly approximate worldwide death rate due to
asthma is reported 180,000 [14]. Poverty, severe asthma
and poor disease management are the main reasons for
increase in asthmatic admission in hospitals [15,16].
There is higher rate of asthma in developed countries
than developing countries, but now it is also increasing
in developing countries due to urbanization [14].

In Pakistan, there is great variation in reported
asthma prevalence ranging from 4.3% to 31.58% [4,17]
in different areas. Indoor and outdoor air pollution in
the region is representing a major cause of asthma [4].
Changes in life style and increasing urbanization, has
significantly increased the asthma prevalence in
Pakistan during the last decades and the number of
asthmatics is expected to rise during the next decade
[4]. In Central Asia and Pakistan, adequate therapy is
often not received by many asthmatics due to many
factors such as hesitation to use inhaler devices.

Karachi is the largest city of Pakistan and about 40%
population of the city is living in high asthma risk
environment [18]. 8-10% of its population is victim of
chronic asthma. Almost 20% of overall pediatric
population of Pakistan is affected with this disease [4].
Situation is alarming as according to an asthma report,
prevalence is 31.58% in school going children of
Islamabad [17], significantly higher than asthma
prevalence in Karachi ie., 15.8% [19]. In other
countries, we see that it is 19.8% in Qatar [20], 12.5% in
Tonga [21], 13.6% in Fiji [21], 20.3% in Cape Town
[22], 20.9% in UK [23], 11% in Hong Kong [24] and
15% in India [25]. Globally, in children asthma
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prevalence has a large variation ranges from 1.6% to
28.2% in age group of 13-14 years and from 4.1% to
32.1% in age group of 6-7 years [26].

A local study on retrospective analysis of already
diagnosed allergic patients was conducted at Allergy
Center NIH, Islamabad during the year 2007. The study
was designed to investigate the most prevalent allergic
disorder in patients who visited the Allergy Center,
National Institute of Health (NIH) Islamabad. Overall
prevalence in Pakistan, according to this study, is 24.6
% for allergic rhinitis,24.04% for urticarial, 19.4% for
bronchial asthma and 8.4% for eczema in age group of
12-55 vyears. Majority of the asthmatics of this
reported as affected with
environmental allergies [25]. Table 1 shows the

population ~ were

percentage of allergic disorders in Pakistani population.
Asthma diagnosis is extremely poor in Pakistan due to
blemishes associated with asthma, lack of awareness
and threat of life-long treatment. So, mass public
awareness is needed to overcome these factors for early
detection and treatment of asthma in Pakistan [27].

Province Asthma  Allergic  Bronchial Utricaria
with Rhinitis Asthma
Rhinitis
Punjab 24.86% 24.01% --- ---
Khyber 21.89% --- 26.69% ---
Pakhtunkhwa
Sindh --- 27.92% 24.80% ---
Baluchistan  15.19%  23.67%  24.73% 26.85%

Table 1: Allergic Disorders in four Provinces of Pakistan [25]

ASTHMA RISK FACTORS

Asthma risk factors can be divided in two main
categories i.e. environmental and host factors.
Environmental factors are not in the scope of this
review so these will be discussed elsewhere and host
factors only are discussed here.

Host Factors

These factors cause asthma development directly and
include genetics, diet, obesity and gender [23]. The
important host factors involving genetics are reviewed
here.

Genetic factors: Asthma is a multi-factorial and
polygenic complex disorder of airways which is
believed to be by the genetic or environmental or the
complex interaction of both genetic and environmental

factors [28]. Asthmatic effects caused by the
environmental exposure may be modulated by genomic
sequence or mutated genomic regions but conversely
environmental factors may also modulate the genomic
expression by histone modification without altering
genomic sequence and thereby altering asthma
phenotype [29]. Asthma does not follow Mendelian
Inheritance pattern but there is no doubt that genetics
have a major role in the manifestation of asthma and
multiple genetic factors contribute to the overall
variations in the trait [30]. So, genetic association data
could better help in diagnosis, understanding and
management of asthma [31]. Being studied rarely in
countries like Pakistan, especially its genetic factors,
there is very little knowledge of its genetic implications
in these countries.

Gender: Some studies from different parts of the world
also showed that the risk factor for childhood asthma in
males is higher than females as asthma prevalence is
much higher in boys as compared to girls up to the age
of 14 years [32-37]. But contrary to this, during
adulthood, asthma prevalence is higher in women than
[38-40]. The reasons are still unknown for this gender
related difference in asthma prevalence during different
ages. However lung size is larger in females as compared
to males at birth but smaller in adulthood [23] which
might be one reason. Sex related asthma prevalence
studies in Pakistan resulted in the similar patterns
[17,27,41].

Asthma onset: Asthmatic complication may start at
any age and most of the children having asthma
recovered before the age of 16 [3]. Asthma of adult age
differs from childhood asthma which is more severe,
often non-atopic and associated with higher decline in
lungs function [42]. Asthmatic complications are
expressed in majority of patients in early childhood [4].
As discussed earlier, asthma and wheeze prevalence is
higher in males of early age while in elder age asthma is
relatively more prevalent in females [43,44].

In spite of sharing some common genetic origins,
several studies point out different genetic factors which
differ in childhood asthma to adult-onset asthma
[42,45]. 100kb region of 17q12-21 locus which includes
ORMDL3, GSDMB, ZPBP2, IKZF3 genes is associated
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with childhood asthma susceptibility and extensively
replicated in different studies [46-50]. This region is
also associated with asthma in Pakistani population as
reported in our recent publication [9]. DENNDI1B
[51,52], ATPAF1 [53], PCDH1 [54], V4 variant of
ADAM33 [55], IL-17A and IL-17 [56] and several other
genetic loci have also predicted the genetic association
with childhood asthma but 17q12-21 locus is most
prominently replicated in number of studies [45].

In a GWAS studies on Japanese population,
Tomomitsu and colleagues identified five adult asthma
associated genetic loci which include two already
reported loci “major histocompatibility complex
(PMID: 10377184) and TSLP (PMID: 21804549) -
WDR3 (PMID: 19198610)”. In this study they also
identified USP38-GAB1 locus on chromosome
4q31, alocus on chromosome 10pl4 and a gene-
rich region on chromosome 12q13 as the new
genetic loci associated with asthma susceptibility in
Japanese adults [57]. The same group identifies another
novel HAS2 gene in GWAS which was significantly
associated with adult Japanese asthmatics having low
smoking exposure [58]. The genetic variants of IL-13
[59,60], IL-4, IL-4R [61], HLA-G [62], GSTA1, GSTO2
[63], CC16 A38G [64], ORMDL3 [9], ADAM33 [13]
and CCLS5 [65] have also shown association with adult-
onset asthma in different populations.

Other Allergic diseases: Clinical relationship of asthma
with atopic dermatitis and allergic rhinitis is commonly
called “allergic triad” [66]. Several studies suggest that
food allergy and atopic dermatitis which develops
during infancy leads to asthma or/and allergic rhinitis
of childhood [67-70]. Asthma with
complications is a common childhood disease and

allergic

experimental observations are strongly in favor of its
genetic origin [71]. Approximately 30% children
having atopic dermatitis build up asthma and about
66% develop the allergic symptoms and allergic
sensitization [72]. The studies have implicated a
number of genes including ORMDL3, OPN3, PDE4D,
TIM-1, GPRA, PHF11, DPP10 and ADAM33 which are
associated with allergic asthma and asthmatic

complications [73].

Obesity: Obesity can be defined as abnormal or
excessive fat accumulation that may damage health.
Percentage of body fat and BMI in Asian people is

reported higher than in European populations [74].One
fourth of Pakistani population is reported to be obese
[75]. Although, there is not enough information
regarding the genetic basis for the observed association
between obesity and asthma yet obesity is considered as
a major risk factor for asthma development. Severity of
asthma in obese individuals is reported higher than in
non-obese people and its response towards treatment is
also very poor which makes it a major public health
issue in many countries [76]. A study on 1,001
monozygotic and 383 dizygotic same-sex twin pairs
reported that 8% of the genetic component of obesity
was shared with asthma. It explained that the two
diseases are associated strongly [77].

ASTHMA GENETICS STUDIES IN PAKISTAN

As already discussed asthma is a multi-factorial,
polygenic complex disease and more than 100 genes
have been reported as associated with asthma [78].
Asthma genetics of Pakistani population have been the
ignored area in the studies. Recently some studies on
asthma genetics have been completed in Pakistan
reporting genetic association of SNP markers of genes
CD-14 [79], IL-4 [80], IL-13 [81], ADAM33 [13] and
locus 17921 [9,82]. These studies were conducted on
very limited scope and these don’t give much
information regarding the genetics involved in this
disease. Therefore there is a great potential and
necessity to explore the genetics of asthma in Pakistani
population. This may help to have a detailed data which
might be helpful for better medical diagnostics and
treatment of the disease afterwards.

ASTHMA MANAGEMENT GUIDELINES IN
PAKISTAN

In Pakistan during 1983 chest physicians of the country
gathered and decided to establish Pakistan Chest
Society (PCS) without any government motivation. The
objectives of this society were to conduct conferences
and educational symposia for doctors and run various
campaigns for patients and public health awareness
regarding pulmonary diseases including asthma [83].
PCS published its own asthma guidelines in 2001 to
steer the diagnosis and management of asthma in
Pakistan. After it they didn’t further update or modify
their document but latterly adopted GINA guidelines
[84].
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In 2013, Global Asthma Network carried out a short
survey in 96 countries including Pakistan to know what
types of guidelines are being followed worldwide. The
results showed that 40% of countries developed their
own guidelines for adult, children or both with or
without assistance of pharmaceutical companies and
exclusively used it [3]. It included some low and middle
income countries like Ethiopia, India, Nigeria and
Palestine. While the countries like Pakistan which have
not developed their own guidelines, mostly implement
Global Initiative for Asthma (GINA) guidelines and
remaining use various others included British Thoracic
Society (BTS), National Asthma Education and
Prevention Program (NAEPP) and World Health
Organization (WHO) released guidelines [3].

ASTHMA MANAGEMENT PLAN

At present asthma cannot be cured completely and only
be controlled and managed so that patient can live a
normal routine life by taking some precautions and
awareness about the disease. All international
and Asthma
management plan into four components.

guidelines  categorized Diagnosis

i. Diagnosis: Diagnosing a patient as having asthma is
only the first step in reducing the symptoms, functional
restrictions, impairment in quality of life, and risk of
adverse events of exacerbation. There is no single
reliable test and there are no standardized diagnostic
criteria for asthma. Asthma can be detected in a person
by evaluating patterns of symptoms, physical
examination and family history [85]. Spirometry is
taken as the gold standard for the diagnosis of asthma,
spirometer measures the speed by which lungs can be
filled and emptied of air, giving an indication of how
well lungs are performing or how much the bronchial
tubes have narrowed. This enables a doctor to make
decisions about lung condition and to plan the best
treatment for patient. To confirm diagnosed asthma,
the reversibility measures test of obstructive pulmonary
tract is performed for which FEV1 (forced expired
volume in one second) is measured before and 10 to 15
minutes after administering a metered dose of
bronchodilator (Beta2 agonists e.g. salbutamol,
terbutaline, etc.). A normal person shows smaller
difference in both values (up to 8% in most studies) and
in asthma patient FEV1 increase at least 2200 mL and

212% from Dbaseline after administration of
bronchodilator [86-91].

Beside these typical tests sometimes others
supplementary tests are performed which help to assess
the severity of disease such as bronco provocation test
to confirm bronchial hyper-responsiveness, allergy test
to assess atopic asthma. Exhaled nitric oxide test is
performed to suspect eosinophilic asthma, pulse
oximetry and arterial blood gas analysis are used to
evaluate the severity of acute asthma attack. Besides it,
sometime chest X-rays are performed to rule out any
other ailment with similar symptoms such as
pneumothorax [4,90].

ii. Asthma self-management education plan: After the
diagnosis of asthma in a person, physician develops an
asthma management action plan to help the patient in
administration of medicine and monitor the condition.
Asthma self-management education plan is important
for patients to learn skills necessary to good compliance
of asthma therapy and improve outcomes [85,86].

iii. Environmental measures: Knowing the medical
history of patient and his family those indoor and
outdoor environmental allergens and conditions
should be avoided that can induce or exacerbate
asthma. Some factors are being advised to avoid
completely such as first hand or second hand cigarette
smoke, maintaining the dust mites, cockroaches, mold
and pets free house environment, irradiate the exposure
to pollens, household aerosols, perfumes, scents, fire
smoke, outdoor industrial/traffic pollution, certain
foods and medicines e.g. bee products, aspirin and cold
drinks if patient is intolerant to them. Some suggestions
are advised to specifically manage for an asthma
patient. These advices may be to control and manage
physical exercise, arousal of extreme emotions such as
anger or fear, laughing and excitement, comorbid, some
medical and physiological conditions such as allergic
rhinitis, gastro-esophageal reflux disease, nasal
polyposis, obesity and upper airway dysfunction
pregnancy and sexual activity.

iv. Pharmacologic therapy: Asthma medicines are
divided into two classes on basis of their pharmaco-
action and severity and onset of symptoms. To control
and manage chronic asthma long term drugs or
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preventers that minimize lung inflammation like
inhaled (e.g.
dipropionate, ciclesonide, fluticasone propionate, etc.),

corticosteroids beclomethasone
long-acting beta2 agonist (eformoterol fumarate
dehydrate, Salmeterol xinafoate, etc.), leukotriene
receptor antagonists (montelukast) and mast cell
stabilizer cromones (Sodium cromoglycate, nedocromil
sodium, etc.) are used. While in the treatment of acute
symptoms and exacerbations quick-relief medications
are used that induce the dilation of constraint airways
and improve breathing called short term drugs or
reliever such as short-acting beta2 agonist (salbutamol,
sulfate), inhaled
anticholinergic

terbutaline corticosteroids
(budesonide),
(Ipratropium bromide)

containing drugs are suggested [83].

bronchodilators

and magnesium sulfate

CURRENT SITUATION OF ASTHMA
MANAGEMENT IN PAKISTAN

In previous two decades the understanding of
epidemiology and management of asthma has
increased reasonably but besides it, the asthma
prevalence has been raised worldwide including
Pakistan. This rise is ranging from 5% to almost 20% of
the pediatric population in Pakistan [92]. The reported
data is depicting asthma prevalence touching the
alarming limits in all parts of Pakistan and casting fatal
impacts on public health and the economy of the
country [25].

Although asthma cannot be cured completely but
appropriate management can control its severity and
enable patient to enjoy good quality life [93]. Low
literacy rate and lack of medical facilities due to
negligible funding in the health sector by the
governments has deteriorated the health situation in
Pakistan. A few studies have been conducted in the last
decade after publishing the international consensus
guidelines to evaluate the management practices and
medications prescribed by General Physicians and
understanding level of patient’s family at very limited
samples size by some students of teaching hospitals [92-
94]. Recently some data have been published on
genomic associations of asthma but again, because of
targeting very small sample size and few genes or loci
only [9], it does not depict the complete picture of the
impact of genomic variations on asthma in Pakistani
population.

ii.

iii.

iv.

Asthma management is difficult in children as
compared to adults, while it is reported as most
common chronic disease in children. Therefore despite
the of
management, the family physicians who are mostly

presence international ~ guidelines for
accessed for treatment, encounter confusion about it
both in acute exacerbations as well as in long term
prevention [92]. Similarly the general practitioners in
remote rural areas of the country do not apply

recommended asthma management guidelines.

Conclusion

In Pakistan, asthma awareness in care takers, adult
patients and parents of asthmatic children is inadequate
as compared to the rest of the world [95]. There are
several misconceptions and myths related to asthma
attacks and their treatment in the country. For example,
people thought rice and oily foods aggravate asthma
and asthma was spread by physical contacts and they
the of
avoidance for

actually didn’t understand importance
of triggers

management of asthma. Very few people thought that

identification and
asthma could be hereditary and thought it a contiguous
disease [84]. People hesitate to accept the diagnosis of
asthma and consider it a social stigma. So following are
some recommendations to control the increasing
number of asthma patients in Pakistan

Although
guidelines address almost all aspects of disease but

International asthma management
it is felt that awareness campaigns and training
programs for general practitioners and carers of
asthmatic patients are needed, so that these can be
used to reduce the morbidity and mortality in
addition to improving the quality of life of
asthmatic patients.

An extensive educational media campaign is
required for awareness of the masses.

The burden of asthma can markedly be reduced
using strategies that have been adapted to the local
societal, economic and health care environments.
Poor compliance of guidelines is one of the major
problems in treatment of asthma and lack of
knowledge and understanding about the disease is
the major reason for poor compliance. So an
extensive effort on government level is required to
control the number of asthmatics in Pakistan.
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There is a need for the development of a common
national strategy and action plan by the
government to combat the rising dilemma.

It is also the responsibility of asthma experts and
healthcare professionals to collaborate with
public  health

international organizations to improve efficiency

government authorities and

in management and care of asthmatic persons in
the community.

Researchers should investigate the genetic and genomic
factors involved in the manifestation of this disease and
their relations and associations with the specific
environmental factors. They also need to know the
changes in the cells and tissues and molecular
expressions. These researches and studies must be
resulted into the new targeted treatments of asthma.
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