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Abstract

Background: Asthma is a chronic inflammatory airway disease caused or worsened by environmental factors in genetically vulnerable
people. The study of national and sub-national burden of asthma aims to provide a quantitative method and valid estimates for the preva-
lence, incidence, and economic burden of asthma disease in Iran from 1990 to 2013 and this papers explains measures, data sources,
methods, and challenges that we will use in the study.

Methods: In order to conduct this study, we will use all available unpublished data sources, including claim databases and data collected
by the food and drug organization (FDO). Moreover, we will devise and run a systematic review of all studies and literature published about
asthma epidemiology in Iran, which includes all cross-sectional, cohort and case-control studies with asthma epidemiology focus that are
population based. In this study, we will use two statistical models, including spatio-temporal and multilevel autoregressive models to esti-
mate mean and uncertainty intervals for the parameters under study by gender, age, year, and province. All programs will be written in R
statistical packages (version 3.0.1).

Conclusion: This study helps to obtain information concerning the variation among regions and provinces, and in general among sub-na-
tional divisions. Our study can be contribute to better allocation of resources, since it helps policymakers to recognize inequalities between
regions and provinces and consequently help them to allocate resources more efficiently.
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Introduction

sthma is a chronic inflammatory airway disease' caused or
worsened by environmental factors in genetically vulnera-
ble people.? According to previous reports, 5% of the
world’s total population suffer from asthma.*# Chronic respiratory
diseases account for about 4.7% of global DALYs. Among the
chronic respiratory diseases, chronic obstructive pulmonary dis-
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ease (COPD) causes two thirds of the total burden of respiratory
diseases and asthma ranks fifth among chronic respiratory dis-
cases in terms of DALYs. There are 300 million asthmatics
worldwide. About 1% to 18% of populations in different coun-
tries are asthmatics.” Asthma is the sixth major cause of hospital-
ization in the United States.® It is also the cause of more than 27%
of referrals to physicians and 6 million days of absenteeism from
work annually. About18% of families’ income is spent on asth-
ma.’ The World Health Organization (WHO) estimates that asth-
matics experience 15 million DALY's annually, which encompass-
es 1% of the total burden of diseases. The mortality of asthma
worldwide was estimated to be 250,000 people per year."!°

In the report of global burden of asthma, published in 2003, the
prevalence rate of asthma in Iran among all age groups was esti-
mated at about 5.5%.!" According to the latest report of the Global
Initiative for Asthma (GINA) in 2004, the prevalence of asthma in
Iran was between 5.1% and 7.5%.!

Costs of treating and controlling asthma-related diseases in the
United Stated is estimated at about 6 to 10 billion dollars per
year and more than 40% of these expenditures is due to the use
of emergency rooms, hospitalization, and death of patients.'” Ad-
ditionally, asthma has a considerable economic burden and its
annual direct and indirect costs reach almost 18 billion Euros in
European countries' and 13 billion dollars in the United States.'

Estimating the burden of diseases and assessing their risk factors
is crucial to recognizing important health priorities. The global
and national patterns of diseases have been investigated by sever-
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al studies in the world>'>'%; in addition, a study was conducted on
the burden of diseases in six selected provinces at national level in
Iran in 2003." However, there is no study about the national and
sub-national pattern of asthma in Iran. This study is part of the
National and Sub-national Burden of Diseases (NASBOD) study
in which the burden of diseases and risk factors in Iran will be
estimated for the years 1990-2013.%°

The study of national and sub-national burden of asthma aims to
provide a quantitative method and valid estimates for the preva-
lence, incidence, burden and economic burden of asthma in Iran
from 1990 to 2013.

Materials and Methods

Overview

This study will be conducted in three steps. In the first step, we
will estimate the prevalence of asthma at national and sub-nation-
al levels using data from several sources, including: systematic re-
view, pharmaceutical sales data, hospital inpatient data, insurance
prescription data (outpatient data), and other sources. In the sec-
ond step, we will measure the burden of asthma during 1990-2013
using DALY's methods. Finally, in the third step, we will conduct
cost analysis of asthma using the data collected from utilization
study, insurance prescriptions, and asthma-specific drug sales.
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Data source

In order to conduct this study, we will use all available unpub-
lished data sources including 23 million pharmacy insurance
claim records from three main Iranian health insurance organi-
zations of the Social Security Insurance Organization, Medical
Services Insurance Organization, and Armed Forces Medical
Services Insurance Organization, from 2004 to 2011 which was
collected by the Food and Drug Organization (FDO). We will also
use information collected from hospital data project that covers
0.5% of the total inpatient admissions data in this study.’ More-
over, we will use the pharmaceutical sales data from the FDO as
well as the ministry of health and other authorities and reliable
data sources including websites.

The first step: Estimation of the prevalence of asthma
A: Systematic review

Search strategy: A sensitive systematic search strategy will be
utilized to cover all published data sources. The studies about the
prevalence of asthma disease which have been published in Eng-
lish and/or Persian will be searched using several keywords pre-
sented in Table 1. We will search population based medical docu-
ments at national or sub-national levels published in PubMed/
Medline, Scopus and ISI Web of Science, as well as those pub-
lished papers that are available in Iranian databases including

Table 1. Search Strategy of Asthma.

Search strategy 1

PubMed

((((“Asthma”[Mesh]) OR “Bronchial Diseases”[Mesh]) OR “Asthma, Exercise-Induced”’[Mesh]) OR “Asthma, Occupational”[Mesh]) OR “Status

Asthmaticus”[Mesh]

ISI

Asthma* OR “Bronchial Asthma” OR “Bronchial Diseases” OR “Asthma, Exercise-Induced” OR “Bronchospasm, Exercise-Induced” OR “Bronchospasm,
Exercise Induced” OR “Asthma, Occupational” OR “Status Asthmaticus” OR “Asthmatic Crisis” OR “Asthmatic Shocks”

Scopus

Asthma* OR “Bronchial Asthma” OR “Bronchial Diseases” OR “Asthma, Exercise-Induced” OR “Bronchospasm, Exercise-Induced” OR “Bronchospasm,
Exercise Induced” OR “Asthma, Occupational” OR “Status Asthmaticus” OR “Asthmatic Crisis” OR “Asthmatic Shocks” OR “allergic asthma” OR

bronchoconstriction

Search strategy 2

PubMed

((((((““Costs and Cost Analysis”[Mesh]) OR “Economics”[Mesh]) OR “Cost of Illness”’[Mesh]) OR “Quality of Life”[Mesh]) OR “Health Care Costs”’[Mesh])

OR “Health Expenditures”[Mesh]) OR “Economics, Medical [Mesh]

ISI

“Costs and Cost Analysis” OR “Cost Measures” OR “Cost Analysis” OR “Cost Analyses” OR “Economics” OR “Economic Factors” OR “Economic Conditions”
OR “Home Economics” OR “Household Consumption” OR “Cost of Illness” OR “Illness Costs” OR “Sickness Cost” OR “Burden of Illness”” OR “Illness
Burdens” OR “Costs of Disease” OR “Disease Costs” OR “Quality of Life” OR “Life Quality” OR “Health Care Costs” OR “Health Costs” OR “Medical Care
Costs” OR “Treatment Costs” OR “Health Expenditures” OR “Direct Expenditures” OR “Indirect Expenditures” OR “Expenditures” OR “Economics, Medical”

Scopus

“Costs and Cost Analysis” OR “Cost Measures” OR “Cost Analysis” OR “Cost Analyses” OR “Economics” OR “Economic Factors” OR “Economic Conditions”
OR “Home Economics” OR “Household Consumption” OR “Cost of Illness” OR “Illness Costs” OR “Sickness Cost” OR “Burden of Illness” OR “Illness
Burdens” OR “Costs of Disease” OR “Disease Costs” OR “Quality of Life” OR “Life Quality” OR “Health Care Costs” OR “Health Costs” OR “Medical Care
Costs” OR “Treatment Costs” OR “Health Expenditures” OR “Direct Expenditures” OR “Indirect Expenditures” OR “Expenditures” OR “Economics, Medical”
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Irandoc, Iranmedex, Scientific Information Database (SID),and
Iranian journals not available online and unpublished docu-
ments, articles, and conference proceedings from1985 to 2013.
The Persian keywords will be equivalent to their English terms,
and all probable combinations will be considered. We will choose
the keywords based on MeSH terms and Entry Terms to search
PubMed. For searching Scopus database, in addition to the MeSH
keywords found in PubMed, we will use Emtree Terms. In order
to extract the data, a predesigned form for data extraction will
be used and the extracted data will be confirmed by two expert
reviewers.

Study selection criteria: According to our predefined inclusion
criteria, all English and Persian medical studies at national and
sub-national levels, which are published between January 1985
and December 2013, will be included. All studies including pop-
ulation-based cross-sectional, cohort, and case-control studies,
systematic reviews, disease registries, papers that report relevant
data on disease parameters including incidence, prevalence, cost
of illness, burden of disease, quality of life, and healthcare cost
are potentially eligible to be included in the study. Our exclusion
criteria will cover duplicated studies, biomedical, pharmacokinet-
ic, non-clinical, animal studies, proceedings, and phase one and
two clinical trials. The first review will include three steps. In the
first step, titles of papers, in the second step the abstracts, and in
the third step, full text papers will be investigated by two authors
independently and in case of disagreement, the articles will be
rechecked. In the second review, full-text articles will be reviewed
and checked for inclusion based on predefined inclusion search
terms. Moreover, the full-text articles will be selected and then
checked by two independent reviewers who will use a quality as-
sessment checklist. Disagreement between the two reviewers will
be resolved by a third reviewer to decide about including them in
the study. Disagreements between reviewers will be resolved via
discussion and consensus. We will use critical appraisal tool for
the quality evaluation of this study.

Data extraction: In this step, authors will extract data from eli-
gible full-text papers and the two researchers independently enter
the data into predefined forms. Then, another reviewer will assess
the completeness and correctness of data mining. The required in-
formation, which is eligible to be extracted from full-text articles,
will be entered in spread sheets. The collected data will include
general information of the study, such as study name, citation,
scope of study (rural/urban/both), level of study (national, pro-
vincial, district, community), publication year, study year, study
design, sampling method, measurement, sample size, response
rate, journal name, age and sex and study outcomes (propor-
tion of cases to the total number of population included in the
study(prevalence), incidence, mortality, relative risk, standard de-
viation, confidence interval.

B: Estimation of the prevalence of asthma using insurance prescrip-
tion data

In this study, to estimate the prevalence of asthma, we will use
23 million prescriptions collected by FDO from 2004 to 2011.
The collected data contains several types of information such as
name of medicines, dosage, insurance type, province, and the
number of each medicine. In this study, prescriptions which con-
tain a minimum of one asthma-specific pharmaceutical are identi-

National and Sub-national Burden of Asthma in Iran 1990-2013

fied as a case of asthma. Finally, the prevalence of asthma will be
estimated via calculating the ratio of patients with asthma in each
age-sex group to the sum of patients which are identified in each
province per year.

C: Estimation of the prevalence of asthma using pharmaceutical
sales data

One of the methods to estimate the prevalence of asthma is to
investigate information on the sales of drugs distributed by phar-
maceutical companies in the country.”? Given that P s the esti-
mated average number of people who used drugs in proportion to
the total population in the same region; V’ is the total amount of
i" class of drug sold in a region per year; C, is the estimated aver-
age consumption of i class of a drug per a person per year; N is
the total number of population in that region in that year; J is the
class of drug that is used to treat the disease; P, is the proportion
of people who take a combination of drugs. The prescription of
one or more anti-asthma drugs for an individual indicates that the
person is suffering from asthma. Since it is probable that multiple
drugs are used for treating asthma, the prevalence of disease is
calculated via the following equation:
L Vi 1
= Ci L

I+ > (-D.p,

j=2

])pm=

In this method, the amount of anti-asthma drugs consumption
can be used as a proxy to demonstrate the prevalence of disease
in a district. In order to measure the average annual prevalence
of asthma in every province, the proportion of prescriptions with
more than one anti-asthma drug will be determined and 1000 pre-
scriptions of anti-asthma drugs will be calculated. Using medical
resources and viewpoints of asthma and allergy experts and spe-
cialists, the average annual consumption will be calculated. As a
drawback, this method cannot estimate the prevalence of asthma
among different age and sex groups.

Statistical methods and analysis plans: Although we will con-
duct a full investigation on all national data sources, it is impos-
sible to find representative data for many provinces. Additionally,
many studies do not include all age groups, both sexes, and both
rural and urban areas of residency. To solve this problem, the
spatio-temporal and multilevel autoregressive models are used to
estimate mean and uncertainty interval for the parameters under
study by gender, age, year, and province. These two models are
utilized to assure that there is no model dependency in the results.
The data on gender, age, year, and province will be used to build
the models. However, the problem of misaligned areal units will
arise for the provinces, which have been separated from other
provinces in the given period of time. Both models can tackle
the problem. Besides, the differences in the classification of sum-
mary statistics data will be settled using regression models and via
cross walk between continuous and categorical values of given
variables. The following paragraph briefly describes the specific
features of the two models.

Spatio-temporal model: Spatio-temporal Bayesian hierarchical
model with conditional autoregressive prior will be applied for
spatial random effects.? In a spatial framework, it is assumed that
observations closer in space are more correlated than observations
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farther away. Consequently, the model can ‘borrow information’
from neighboring areal units to improve estimates for areas with
missing values and/or small number of observations. Addition-
ally, spatio-temporal misalignment modeling is used to combine
incompatible areal units between data sources and/or over the
years. The model takes account of covariates effects, non-linear
age trends, and variations in quality of study and sources of data.

Bayesian Autoregressive Multilevel model: In this model, obser-
vations are hierarchically nested in districts, provinces, sub-regions,
regions, and national levels. > The lower levels of a hierarchical
model lend information to the higher levels and units of each level
borrow information from each other depending on the degree of
data availability. Several different factors are involved in the model,
including linear time trends, nonlinear changes over time, covari-
ate effects, nonlinearity associated with age, heterogeneity of data
sources, and age-by-study variability. Time-varying district-level or
provincial-level covariates inform the estimates, if practical.

Since Markov Chain Monte Carlo (MCMC) methods are gen-
erally applicable and are easy to implement, we will use these
methods to accomplish Bayesian inference in both modeling
frameworks. All programs will be written in R statistical package
(version 3.0.1).

Overall, to extrapolate estimation of asthma prevalence in each
province for the years 1990-2013 in Iran, we will use a collection
of databases including outpatient data, inpatient data, pharmaceu-
tical sales data, and also statistical models such as hierarchical
multilevel model and spatio temporal and covariates of years of
schooling, wealth index, urbanization index and food types.

The second step: Estimation of asthma burden

In this study, to calculate the burden of asthma, we will use the
methods developed in the global burden of disease study; accord-
ingly, first of all, we will design and complete life table for males
and females and based on identified age groups, we will compute
the disability-adjusted life years (DALYs).”

The third step: Calculation of the economic burden of asthma

Generally, chronic diseases such as asthma impose social and
economic costs and have significant adverse mental effects on the
health system, families and patients. In this study, costs of asthma
will be estimated using data collected from utilization study, in-
surance prescriptions, and asthma-specific drug sales. Using those
data, we will compute the rate of drug consumption through cal-
culating Defined daily dose (DDD). DDD is a mechanism for the
adjustment of drug dosage into different strengths in terms of mil-
ligrams; when we divide drug sales by DDD, we obtain the num-
ber of people who take a particular drug in a certain timeframe.
We will use this information and also the results of health utiliza-
tion study to estimate the money paid to general practitioners and
specialists, then referral frequency will be calculated using insur-
ance prescription data and other costs for asthma patients referred
to a physician, such as CT-Scan, laboratory test, spirometry etc.
will be computed through utilizing experts’ opinion.

Discussion
The study of national and sub-national burden of asthma has

sub-components including systematic review, estimation of prev-
alence, estimation of burden of disease, and economic burden of
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asthma. In our comprehensive systematic review, we will include
not only the literature of the burden of asthma disease, but also
the studies about clinical and economic burden of asthma in Iran.

Burden of disease study in Iran and other countries

Burden studies of asthma have been conducted in several coun-
tries such as the USA,?*? New Zealand*® and Australia.’! Also,
the economic burden of asthma has been studied to characterize
the imposed financial burden of asthma at the national level.> The
only burden of disease study was conducted in national level in
Iran in 2003. In this study, the attributed burden of chronic re-
spiratory diseases in both sexes was estimated to be about 872.1
DALYs per 100,000 population. The burden of asthma was esti-
mated around 167.9 DALY's per 100,000 population. Also, out of
the total national DALY, 4.36% was accounted for by chronic
respiratory diseases and 0.77% was attributed to asthma.'**

Compared with the 2003 study, we use several sources and sta-
tistical models. Another difference is that in the previous study,
Naghavi, et al., used data from six provinces of Iran to estimate
the national level burden of disease' whereas we will use phar-
maceutical sales data, insurance prescription data, and hospital
inpatient data from all of provinces in Iran. Recently, this method
has been used in other studies in Iran.3*3¢

The GBD 1990-2010 study yielded incomprehensive esti-
mates of DALY's due to chronic respiratory diseases which were
around 2248 (95%CI: 2036-2497) in 1990 and 1712 (95% CIL:
1494-1968) in 2010. Asthma caused about 405 DALY (95%CI:
304-531) in 1990 and 326 DALY's (95%CI: 249-424) in 2010.°

In a study performed in Wisconsin, trends in prevalence, mor-
tality and morbidity were estimated. The results of this study
showed that the prevalence of adult asthma was increasing and
rates of asthma hospitalization and emergency admissions had
decreased.”

Policy implications

Our study will present a comprehensive view on the importance
of asthma among non-communicable diseases and can help policy
makers to achieve a good mindset about the scale and distribution
of asthma in different regions of Iran. This study will provide an
appropriate baseline for evaluating and monitoring trends of asth-
ma disease burden, economic burden, incidence, prevalence, and
severity among Iranian population. Furthermore, the estimated
prevalence and burden of disease at national and sub- national lev-
els can help policy makers, insurance organizations and even local
policy makers to make plans for providing required services and
allocating resources, including financial and manpower resources,
and making decisions for providing required beds in hospitals and
health care centers. In addition, estimating the prevalence of dis-
ease at different sub-national regions can help local managers and
policy makers to determine the priorities for intervention in their
regions. Also, allocative efficiency will be one of the important
outcomes of this study.

Estimation of asthma in sub-national regions (provinces) will
help policy makers to achieve a clear mindset for controlling and
executing interventions and it also helps them to measure inequal-
ity so that they can utilize plans to attain equity in distribution of
health. The study provides detailed data on asthma that are es-
sential inputs for evidence-based policy making. The result of this
study can provide the evidence that will lead to improved popula-
tion health. Overall, the results of this study will attract the atten-
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tion of insurance system, planners, policy makers, and the minis-
try of health, as they can make decisions about resource allocation
and geographic distribution of asthma disease.

Limitations

We face certain limitations in this study. There are limited data
available on prevalence, incidence, age groups, sexes, and du-
ration of asthma that may increase uncertainty in mortality and
disability estimations. Also, we are facing data shortage at sub-
national, regional, and provincial levels; hence, in study, we use
hierarchical model to solve this problem. Furthermore, we will
use methodological strategies for managing the likely specific
heterogeneity between data sources.

The results of this study can lead to better allocation of re-
sources, since it helps policymakers to recognize inequalities be-
tween regions and provinces. It also helps to plan, implement and
evaluate interventions to improve the quality of asthma preven-
tion, diagnosis, treatment programs and to evaluate and manage
health care system. As a result, they can allocate resources such as
manpower and financial resources more efficiently. Thus, model-
ing sub-national variations will help policy makers to identify and
recognize epidemiological similarities and inequalities between
sub-national regions and provinces.
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