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ABSTRACT
BACKGROUND Hajj pilgrims are prone to asthma exacerbation because of the high
transmission rate of respiratory infections, severe environmental factors, and highintensity activities during the Hajj. Well-controlled asthma status and preventive efforts
prior to the Hajj could reduce such exacerbations. This research aimed to determine
the risk factors of asthma exacerbation during the Hajj to help establish preventive
measures.
METHODS Participants were evaluated at community health centers (puskesmas)
through history taking, physical examination, and spirometry. The risk factors
examined included a history of exacerbation one year before the Hajj, obesity,
comorbidities (e.g., diabetes mellitus, hypertension, coronary heart disease), lung
function, smoking, fitness level, and influenza vaccination. Asthma exacerbation while
in Saudi Arabia was determined through direct observations by authors and physicians
assigned to Hajj pilgrim groups and analysis of data obtained from questionnaires
distributed to the pilgrims before their departure. Odds ratios (OR) were calculated
using logistic regression.
RESULTS Among 68 pilgrims with asthma, exacerbation occurred in 27 (40%) pilgrims.
Risk of asthma exacerbation was significantly increased in the pilgrims with a history
of exacerbation one year before the Hajj (OR = 4.27; 95% confidence interval [CI] =
1.156–15.829; p = 0.029) and obesity grade II (OR = 4.02; 95% CI = 1.151–14.097; p = 0.029).
Other factors, including smoking, comorbidities, lung function, fitness level, obesity
grade I, and influenza vaccination, were not significantly related to exacerbation.
CONCLUSIONS Obesity grade II and history of asthma exacerbation one year before
the Hajj are strong factors for asthma exacerbation during Hajj pilgrims.
KEYWORDS asthma, exacerbation, risk factors

Muslims deemed physically and financially capable
are obligated to carry out one of the great pillars of
Islam, the Hajj. More than 2 million pilgrims from over
140 countries are estimated to undertake the Hajj each
year.¹ In Indonesia, determining whether one is capable
of embarking on the Hajj is guided by Regulation No.
15 of the Minister of Health (2016), which describes
health services for Hajj pilgrims. The regulation
requires good physical health for one to perform Hajj.²
Early preparation through government efforts must be

carried out to meet health criteria and deliver healthy
pilgrims from Indonesia to Saudi Arabia. The Hajj is
an activity that requires physical preparation from its
pilgrims. The activities undertaken by pilgrims include
long-distance walking and stays in dry and barren
areas. The difference in climate between Indonesia
and Saudi Arabia could also affect pilgrims’ physical
tolerance.³
Respiratory disease is one of the five most
common diseases affecting pilgrims during the Hajj
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and one of the five leading causes of death during
this event. Asthma, in particular, requires extensive
monitoring efforts to prevent disease exacerbation
during the Hajj.⁴ Asthma exacerbation is one of the
most common medical emergencies during the Hajj.
A 2017 Hajj health report revealed that respiratory
problems are the second leading cause of death
after cardiovascular diseases. Among the emergency
response cases compiled by the Fast Response Team
(Tim Gerak Cepat), asthma as the chief complaint
affected 375 pilgrims.⁵ In the study on pilgrims during
the winter season, asthma is one of the most prevalent
reasons for pilgrims to have hospital admission.⁶
Asthma and chronic obstructive pulmonary disease
(COPD) exacerbation affected 14.4% of the subjects,
only after a pneumonia (39.4%). Asthma and COPD
were the most common comorbidities in severe sepsis
cases among Hajj pilgrims and 54.7% of patients treated
in intensive care units had these comorbidities.⁷
Some risk factors for asthma exacerbation
are influenza vaccination, history of previous
exacerbations, smoking, lung function reduction, low
fitness level, and obesity. It is needed to know the risk
factors to establish asthma exacerbation prevention
in order to support pilgrims in completing their
pilgrimages. Therefore, this study was conducted to
delineate the risk factors of asthma exacerbation in
pilgrimage from Indonesia during the Hajj.

METHODS
This cohort prospective study was carried out at
30 public health centers (puskesmas) in Jakarta for the
first observation, and then at the Pondok Gede Jakarta
Hajj Dormitory several days before embarkation for
the second observation, and during the pilgrimage
in Saudi Arabia for the third observation. This study
was conducted from April 2018 to September 2018.
Subjects who had undergone health assessments in
puskesmas which is mandatory and were diagnosed
with bronchial asthma were recruited from the
Integrated Hajj Computerization System (Sistem
Komputerisasi Haji Terpadu), a system recording all
Indonesian pilgrims. First, the researchers evaluated
asthma diagnosis of all subjects in the puskesmas to
ensure the diagnosis. We used criteria to diagnose
asthma from the Global Initiative for Asthma
guidelines (2017 edition). The criteria were (1) history
of variable respiratory symptoms, such as wheezing,
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shortness of breath, chest tightness, and cough
(generally have more than one of these symptoms)
and often triggered by exercise, laughter, allergens,
or cold; (2) evidence of variable expiratory air flow
limitation (low forced vital capacity [FVC] with forced
expiratory volume in one second (FEV₁)/forced
vital capacity (FVC) ratio reduction and variation in
increase of FEV₁% by >12% and 200 ml after inhaling
bronchodilator.⁸ The asthma control test (ACT) is a
survey used to determine the level of asthma control
and includes five questions scored from 1 to 5; this
test probes a patient’s level of activity, frequency of
shortness of breath and symptoms of asthma, use of
exacerbating drugs, and patient’s own assessment of
asthma control.9,10 The ACT score ≤19 was considered
as not controlled, 20 to 24 as partially controlled,
and ≥25 as completely controlled. The ACT assesses
the symptoms of asthma in the last four weeks.¹⁰
ACT scores were calculated by the researchers at the
puskesmas, before the embarkation, and during the
Hajj.
Sample size
The sample size was determined to compare
two independent proportion difference. We used the
proportion of asthma patients with comorbidities
(e.g., coronary heart disease [CHD]) and asthma
exacerbation (10%).¹¹ By applying Zα = 1.96 and Zβ =
0.842, the minimal sample size was 58 subjects.
Data collection
The data collected in this study included: (1) patient
history (e.g., age, gender, occupation, education,
history of vaccination, history of asthma exacerbation,
smoking habits, and history of asthma triggers/allergies
before departure); (2) general physical examination;
(3) spirometry to determine the lung function (FEV₁,
FEV₁%, FEV₁/FVC); (4) fitness level (maximal oxygen
consumption [VO₂ max]) evaluated with the Rockport
test or six-minute walk test conducted at the puskesmas;
and (5) ACT scores. All subjects were provided with
an evaluation sheet during the embarkation period
at the Pondok Gede Hajj Dormitory and asked them
to complete the form if they experienced asthma
exacerbations during their Hajj.
Inclusion and exclusion criteria
Subjects were included in this study if they were
2018 Hajj pilgrims with bronchial asthma and from
Medical Journal of Indonesia
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Jakarta Province. Subjects were excluded if they had
a contraindication to spirometry examination, had
chronic lung diseases other than bronchial asthma
(e.g., COPD, lung tuberculosis, or lung cancer) or heart
problems limiting physical activity or limited movement
due to certain diseases (e.g., history of stroke or severe
osteoarthritis), had difficulty in communication (e.g.,
cognitive decline), or were unwilling to take part in the
study. Subjects were asked to complete an informed
consent form before their inclusion in this study.
Variables
Seven variables were analyzed to determine their
relationship with asthma exacerbation. The included
variables were as follows: (1) history of exacerbation,
which was defined as a history of exacerbation one
year before the Hajj (yes or no); (2) fitness level, which
was defined as aerobic capacity based on VO₂ max
values determined according to the 1972 American
Heart Association Cardiorespiratory Fitness Chart;12,13 (3)
obesity, which was defined as a body mass index (BMI)
≥25 kg/m²; (4) influenza vaccination, which was defined
as a history of influenza vaccination one year before
departure (yes or no); (5) comorbidities, which was
defined as a diagnosis of diabetes mellitus, hypertension,
or CHD before departure; (6) smoking habit, which was
defined by a history of or active smoking (yes or no); and
(7) lung function as measured by spirometry.
Fitness level was categorized using the 1972
American Heart Association Cardiorespiratory Fitness
Chart into five levels: very poor, poor, fair, good, and
very good. However, for the analysis, we divided these
into two categories, i.e.: less (very poor and poor level)
and fairly (fair, good, and very good level). Obesity was
further graded as follows: obesity grade I (BMI = 25–
29.9 kg/m²) and obesity grade II (BMI ≥30 kg/m²) based
on World Health Organization criteria for the Asia–
Pacific region. The spirometry test was carried out
according to American Thoracic Society guidelines.¹⁴
Spirometry was conducted three times before and
three times after the use of a salbutamol inhaler and
the best result was used for the analysis. Patients were
asked to do this in standing position. FEV₁, FEV₁%, and
FEV₁/FVC were obtained from the spirometry test. Lung
function before departure was classified as FEV₁% ≤80%
or >80%. We applied the 2012 guidelines of the National
Heart, Lung and Blood Institute, which classified
asthma control according to FEV₁% (well controlled:
>80%; poorly controlled: ≤80%).¹⁵
mji.ui.ac.id

Determination of asthma exacerbation
Indonesian Hajj Health Team (Tenaga Kesehatan
Haji Indonesia; TKHI) physicians are responsible for
addressing health problems in their assigned Hajj
group. During embarkation, we coordinated with
TKHI physicians to observe the subjects directly and
determine acute asthma exacerbation during their
pilgrimage in Saudi Arabia. Exacerbation in Saudi
Arabia was determined in three ways: (1) direct visits by
us to the hotel in which the subjects stayed and follow
up through WhatsApp and telephone; (2) daily direct
observations by the TKHI physician; and (3) analysis of
the research questionnaires provided to the pilgrims
before their departure. If a questionnaire result was not
in accordance with the results reported to the authors
and observed by the TKHI physician, the subject was
asked to submit a complete history and physical
examination. The authors and TKHI physician then
discussed whether the results were valid to minimize
discrepancies between the questionnaire results and
the direct observations. Subjects were considered to
experience an exacerbation if they had symptoms of
shortness of breath or dyspnea varying in time and
intensity, arising from some trigger, and accompanied
by coughing or wheezing.
Statistical analysis
Data recorded were validated and processed
using SPSS version 22 (IBM Corp, USA). In this study,
the basic characteristics of the research subjects
are presented as tables and categorical data are
presented as quantities and percentages. Numerical
data are presented in the form of means with standard
deviations (SDs) if their distribution is normal and in
the form of medians with maximum and minimum
values if their distribution is not normal. Relationships
between independent and dependent variables
were determined by using the chi-squared test. The
associations were expressed using prevalence ratio.
Multivariate logistic regression analysis was used for
variables that had p<0.25 determined from bivariate
analysis.

RESULTS
Among 8,519 pilgrims from DKI Jakarta who
had registered in the SISKOHAT in 2018, 61 pilgrims
had asthma. Two eligible subjects were excluded
because coincidence with tuberculosis and lung
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cancer. In addition, the TKHI physicians reported
that 11 pilgrims were diagnosed with asthma in
Saudi Arabia, but 2 pilgrims refused to be included
in this study. Thus, a total of 68 pilgrims with asthma
were finally included in this study. Table 1 shows
the demographic and clinical characteristics of the
subjects.
Most of the subjects with asthma were female
(68%) and aged younger than 60 years (66%).
According to Indonesia Basic Health Research 2013,
asthma was more prevalent in females than in males
(4.6% versus 4.4%). In addition, those aged <55 years
(14.7) have a higher prevalence of asthma than those
aged ≥55 years (8.3%).
We found that 12 subjects had normal spirometry
result (FEV₁% >80% and FEV₁/FVC ≥80%). Since at the
first observation, they had completely controlled
asthma. They reported a history of asthma and most
of the subjects used inhalers when their asthma
was exacerbated. There were 27 pilgrims (40%)
experienced asthma exacerbations during Hajj
pilgrimage. The subjects had a median BMI of 20.24 kg/
m² and median VO₂ max of 23.5 ml/kgBW/min. The FEV₁
means (SD) were 1.54 (0.51) liters pre-bronchodilator
and 1.59 (0.50) liters post-bronchodilator. Subjects
with FEV₁% ≤80% had mean (SD) FEV₁% values of 61.58%
(17.37%) pre-bronchodilator and 63.25% (16.86%) postbronchodilator.
Based on bivariate analysis, obesity grade II
caused significantly higher asthma exacerbation
(prevalence ratio [PR] = 1.91, 95% confidence interval
[CI] = 1.10–3.29, p = 0.033). Obesity and history of
exacerbation one year before the Hajj were included
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Table 1. (continued)
Characteristics

n (%) (N = 68)

Occupation
Housewife

28 (41)

Private employee

8 (12)

Government employee

9 (13)

Pensionary

12 (18)

Others*

11 (16)

Smoking

19 (28)

Comorbidities (N = 39)
Diabetes mellitus

6 (9)

Hypertension

27 (40)

Coronary heart disease

6 (9)

History of exacerbation one year before Hajj

48 (71)

BMI
No obesity

32 (47)

Obesity grade I

20 (29)

Obesity grade II

16 (24)

Fitness level (N = 60)
Less

25 (42)

Fairly

35 (51)

Influenza vaccination

60 (88)

History of trigger of exacerbation/allergy
Dust

45 (66)

Food

11 (16)

Drugs†

13 (19)

Weather

26 (38)

Fatigue

8 (12)

Psychological

4 (6)

Others

17 (25)

‡

Spirometry results
Table 1. Demographic and clinical characteristics of the
subjects
Characteristics
Female sex

n (%) (N = 68)
46 (68)

Age (years)
45 (66)

≥60

23 (34)

Education
No school

2 (3)

Elementary school

5 (7)
5 (7)

Senior high school/equivalent

26 (38)

Bachelor/equivalent

25 (37)

Master

56 (82)

FEV1/FVC <80% pre-bronchodilator

56 (82)

FEV1% ≤80% post-bronchodilator

56 (82)

FEV1/FVC <80% post-bronchodilator

56 (82)

Asthma severity

§

<60

Junior high school

FEV1% ≤80% pre-bronchodilator

5 (7)

Intermittent

7 (10)

Mildly persistent

17 (25)

Moderately persistent

33(49)

Severely persistent

11 (16)

BMI=body mass index; FEV₁%=percentage of forced expiratory
volume in 1 second; FVC=forced vital capacity
*Entrepreneurs, teachers, and midwife; †antibiotics and painkillers;
‡
cats, pollution (e.g. car/motorcycle fumes); §based on data collected
at the puskesmas (2012 National Institute of Health criteria)
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in multivariate analysis (Table 2). ACT scores assessed
before and during the Hajj is showed in Table 3 and 4.

DISCUSSION
A history of exacerbation one year before the
Hajj and obesity grade II significantly increased the
risk of asthma exacerbation during the pilgrimage.
The history of exacerbation had an OR of 4.27, which
is higher than obesity grade II (OR = 4.02; p<0.05).
Unfortunately, there were wide range of the CIs
due to small sample size. Other variables, including
comorbidities, lung function, fitness level, smoking,
obesity grade I, and influenza vaccination had no
significant risk to exacerbation. Among 39 cases with
severe asthma, 10.2% experienced exacerbations
at least three times in the previous year.¹⁶ Puranik
et al¹⁷ reported that uncontrolled asthma is linked
to future exacerbations. A cross-sectional study in
Brazil found three factors that could be associated
with uncontrolled asthma: severity of asthma, access
to medication, and use of inhaled corticosteroids.¹⁸
Asthma patients with obesity experienced more
exacerbations than asthma patients with low or
normal BMI (n = 1,127; 53% versus 47%).¹⁹ In addition,
patients with asthma and obesity have been
demonstrated to be at greater risk for hospitalization
than other patients without these conditions. Stanford

et al²⁰ identified BMI >30 kg/m² as one of the most
common predictors of uncontrolled asthma in adults.
The mechanisms of asthma exacerbation related
to obesity include reduced expiratory reserve and
tidal volumes, airway hyperreactivity, and increased
inflammatory markers in the form of interleukin 6 and
C-reactive protein.21,22
Influenza vaccination has been proven to reduce
risk and severity of influenza. Therefore, we believed
that influenza vaccination could reduce the incidence
of asthma exacerbation, although this study did not
find reduction of asthma exacerbation. There were 88%
subjects had influenza vaccination in this study and it
was similar to the study of Iranian pilgrims who had
vaccination (88.3%).²³ Our results identify the need for
further discussion on the concept of herd immunity
and its relationship with influenza vaccination. The
individuals who were not vaccinated may have
experienced lower rates of exacerbation because of
the effect of herd immunity. Rubio stated that herd
immunity could be achieved if influenza vaccination
is carried out in at least 80% of a certain population.²⁴
While several studies have discussed the benefits of
influenza vaccination and the role it plays in reducing
asthma exacerbations, the results generally vary.25,26
To the best of our knowledge, there was no study on
the role of influenza vaccination in reducing asthma
exacerbation among Hajj pilgrims.

Table 2. Bivariate and multivariate analyses of factors associated with asthma exacerbation
Bivariate analysis*
Variables

Asthma exacerbation

Multivariate analysis†
PR (95% CI)

p

OR (95% CI)

p

25 (52)

2.39 (0.95–6.04)

0.061

4.27 (1.156–15.829)

0.029

14 (45)

17 (55)

1.28 (0.71–2.30)

0.400

21 (37)

35 (63)

0.75 (0.38–1.44)

4.02 (1.151–14.097)

0.029

Yes, n (%) (N = 68)

No, n (%) (N = 68)

History of exacerbation
one year before the Hajj

23 (48)

Comorbidities
Lung function
FEV1% ≤80%

0.520

Fitness level (VO2 max)

0.825

Less

10 (40)

15 (60)

Fairly

15 (43)

20 (57)

0.93 (0.50–1.72)

Obesity grade I

7 (35)

13 (65)

1.32 (0.45–3.91)

0.609

Obesity grade II

10 (63)

6 (37)

1.91 (1.10–3.29)

0.033

Smoking

8 (42)

11 (58)

1.08 (0.57–2.04)

0.801

Influenza vaccination

24 (40)

36 (60)

0.93 (0.36–2.41)

0.893

PR=prevalence ratio; CI=confidence interval; OR=odds ratio; FEV₁%=percentage of forced expiratory volume in 1 second; VO₂ max=maximal oxygen
consumption
*Chi-square test; †logistic regression
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Table 3. Number of subjects based on lung function
and ACT score before Hajj
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ACT score, n (%)
Lung function

Not controlled
(N = 22)

Partially controlled
(N = 27)

Fully controlled
(N = 19)

FEV1% ≤80%

17 (30)

25 (45)

14 (25)

FEV1% >80%

5 (42)

2 (16)

5 (42)

ACT=asthma control test; FEV1%=percentage of forced vital capacity

Table 4. Number of subjects based on lung function
and ACT score during the Hajj

ACT score, n (%)
Lung function

Not controlled
(N = 11)

Partially controlled
(N = 26)

Fully controlled
(N = 31)

FEV1% ≤80%

6 (11)

24 (43)

26 (46)

FEV1% >80%

5 (42)

2 (16)

5 (42)

ACT=asthma control test; FEV1%=percentage of forced vital capacity

Wang et al²⁷ conducted a meta-analysis of 11 studies
including 666,355 subjects and revealed that asthmatics,
especially female patients, are at 32% greater risk of
developing CHD. However, because this study was
statistically heterogeneous, future researchers should
practice caution when drawing conclusions.²⁷ The
relationship between diabetes and asthma has been
examined in several studies. For instance, Thuesen et
al²⁸ found that insulin resistance increases the risk of
asthma and wheezing symptoms in adults. The Nurses’
Health Study showed no relationship between type 2
diabetes and asthma incidence.²⁹ Bronchial asthma and
hypertension are common chronic diseases that can
occur simultaneously. A number of epidemiological
studies have suggested that asthmatic patients are at
greater risk of developing hypertension.30,31
In our study, we found no effect of poorly controlled
asthma (FEV₁% ≤80%) to an acute exacerbation. It may
be explained because most of the subjects with FEV₁
≤80% had good asthma control during Hajj. Asthma
control that was often judged subjectively better
either by physicians or patients needs a simple method
to assess asthma control, such as ACT that has been
proven reliable and valid.³² In our study, the ACT was
administered at the puskesmas, upon embarkation, and
during the Hajj. We found a 21.4% increase in completely
controlled asthma during the pilgrimage compared with
that observed at the puskesmas (Table 3 and 4). This
result may be attributed to the effect of the education
provided by the research team to the subjects when they
were collecting data at the puskesmas. This education
focused on preventing asthma recurrence and
strongly encouraged the regular use of inhalers before
departure and when in Saudi Arabia. Misconceptions

and side effects of steroids were the major factors for
reduction of compliance in asthma patiens.³³ Nearly
half of all asthma patients in the emergency setting
were not formally educated about asthma and used
their asthma devices improperly.³⁴
Although asthma is well known to be associated
with progressive declines in lung function, this
correlation has yet to be fully explained. Some patients
with asthma show a reversibility in acute attack
and are turned into a normal lung function. Others,
however, may experience irreversible obstructions
that persist despite bronchodilator or corticosteroid
treatment. In a study assessing Denmark’s population,
FEV₁ values were measured in 17,506 subjects,
including 1,095 asthmatic individuals, over a period
of 15 years. The results revealed that, while the FEV₁
values of subjects with asthma decreased by 38 ml/
year, the FEV₁ values of normal individuals decreased
by 22 ml/year.³⁵ In another study that evaluated 228
adults with asthma who were followed for 21–33
years at a clinic in Groningen, the Netherlands, 16% of
the subjects had irreversible airway obstructions that
were characterized by an FEV₁% <80% and a predictive
reversibility of <9%.³⁶
The study examining the relationship between VO₂
max and asthma exacerbations, especially among in
Hajj pilgrims, is unavailable. However, several studies
comparing VO₂ max in asthmatic patients before and
after intervention with an exercise program have been
published. For instance, in Toennesen’s assessment of
29 adult subjects with asthma, the patients’ VO₂ max
increased after an 8-week intervention of exercise
from a mean (SD) of 38.4 (8.9) ml/min/kg to a mean of
41.5 (9.5) ml/min/kg (p<0.001).³⁷
Medical Journal of Indonesia
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A previous study has concluded that smoking
plays a significant role in asthma exacerbation
because asthmatic patients who smoke have asthma
characteristics different from those of non-smokers,
including increased morbidity and mortality, more
severe symptoms, more difficulty in controlling asthma,
greater frequency of asthma exacerbations, and
reduced quality of life.³⁸ Bittner et al³⁹ found that onethird of all asthmatic patients who visited emergency
units in the United States are active smokers. However,
in our study, we found no significant effect of smoking
to asthma exacerbation.
Pilgrims with asthma can establish various
behavioral adjustments to minimize their risk of
disease exacerbation. Obese pilgrims are advised to
lose weight. In a randomized controlled trial study
on asthmatic patients, a low-calorie diet and routine
exercise for 12 weeks improved the quality of life and
achieved 5–10% weight loss in 80% of the subjects.⁴⁰
Weight loss can exert positive effects on a patient’s
ability to control their asthma. Pilgrims who experience
exacerbations one year before their pilgrimage are also
recommended to monitor their asthma strictly. Taking
medication regularly, avoiding exacerbation triggers,
and regular exercise (e.g., aerobic and nonaerobic
exercises) are several methods that can help prevent
exacerbations. Minimizing exacerbations could also
help to reduce a lung function deterioration.35,36
Asthmatics who are active smokers are advised to quit.
Although this study identified no significant effect of
smoking to an exacerbation, other studies found that
smoking increased asthma exacerbations.38,39 Pilgrims
with asthma, diabetes, hypertension, and CHD are
advised to achieve better control of their diseases
before embarking on their Hajj. Although no significant
effect of comorbidities to asthma exacerbation was
determined in this study, individuals with asthma in
addition to diabetes, hypertension, or CHD are at
greater risk of increased morbidity compared with
those without these comorbidities.27,28,30,31
This study is the first to assess the relationship
between risk factors and asthma exacerbation among
Hajj pilgrims. At the Indonesian Hajj Health office
(Kantor Kesehatan Haji Indonesia) in Makkah, Saudi
Arabia, one of this study’s authors acted as an on
duty physician who visited subjects at their hotels.
This service helped reduce bias during the monitoring
of asthma exacerbations. We also collaborated with
TKHI physicians to monitor subjects during their Hajj
mji.ui.ac.id

so that exacerbations could be monitored regularly.
At the time of embarkation, subjects were given
education and forms that they were asked to fill out
in Saudi Arabia. Moreover, we participated in the data
retrieval process so that errors in data retrieval could
be minimized.
This study was limited by its evaluation of secondary
data. For instance, the assessment of the subjects’
fitness level by medical staff at the puskesmas could
have been improved if we had directly monitored the
subjects during their Rockport or six-minute walk tests.
In addition, many other pilgrims with asthma from DKI
Jakarta may not have been evaluated in this study. For
example, at least 11 pilgrims with asthma missed their
medical examinations before their Hajj and remained
unlisted in the Integrated Hajj Computerization
System. Among these pilgrims, nine pilgrims eventually
became study subjects and completed a spirometry
test upon their arrival in Indonesia. This could become
bias to this study result. The small sample size in this
work may also have contributed to the wide range of
CIs obtained.
In conclusion, among the seven factors potentially
influencing asthma exacerbation examined in this
study, obesity grade II and a history of asthma
exacerbation one year before the Hajj pilgrimage
revealed significant risk factor for an asthma
exacerbation. Pilgrims with asthma are advised to
make behavioral adjustments to avoid these risk
factors. For example, obese pilgrims may attempt to
lose weight. Pilgrims are also advised to monitor their
asthma symptoms strictly if they had experienced
exacerbations at least one year before their Hajj.
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