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ABSTRACT

The Hajj pilgrimage is a physically demanding religious rite that is associated with the
health status of pilgrims. Several factors are associated with functional limitations. We aimed
to determine the relationship between clinical data and six-minute walk test (6-MWT) findings.
The 6-MWT is a measure of functional capacity that is routinely applied to Indonesian pilgrim
candidates before they embark on the Hajj. This cross-sectional study analysed Indonesian Hajj
pilgrimage data obtained from 2,933 participants before their departure for the Hajj in 2022.
The data included participants’ characteristics, laboratory results, and six-minute walk
findings. The resulting aggregates were analysed using Pearson correlations. Serum creatinine
significantly correlated with 6-MWT findings (r = 0.003; p <0.05). Low-density lipoprotein-
cholesterol (LDL-C) values and platelet counts were significantly associated with 6-MWT
results (r = 0.101 and 0.038, respectively; p <0.05). Serum creatinine, LDL-C, and platelet
values were associated with increased 6-MWT, indicating a correlation with functional
capacity among Hajj pilgrims.
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INTRODUCTION

The Hajj is a physically demanding
religious rite that requires sufficient
physical fitness among pilgrims. The series
of pilgrimages involves seven laps around
the Kaaba, with the closest distance being
1.4 km from it for Tawaf. Sa'i involves
jogging back and forth seven times between
the Safa and Marwa hills, which are 2.8 km
apart. Wukuf in Arafat and Jumrah
(throwing pebbles) in the Jamarat area
cover a distance of 14,273 km?. Pilgrims
have to endure extreme temperatures and
densely populated conditions.!?

The Islamic figh, istitha'ah
(steadfastness), encompasses medical and
religious fitness and is mandatory for
participating in the pilgrimage. Istitha'ah
determines the ability of pilgrims to
participate in various activities on the
pillars of Hajj.! The results of health
examinations  during the istitha’ah
preparation of pilgrims are used as a basis
for health coaching. Forms of guidance
include counselling, integrated coaching
posts, information dissemination through
various media, home visits, and Hajj
rituals.?

The indirect impact of istitha'ah
control is a reduction in morbidity and
mortality rates among Hajj pilgrims. A
common misconception among pilgrims is
that dying while participating in the Hajj in
the holy city of Mecca is a blessing from
God. Consequently, many pilgrims fail to
recognise the importance of pre-Hajj
fitness. This problem can be avoided by
making istitha’ah a ritual requirement of
the Hajj rather than using it to reduce
mortality.*

Physical fitness is crucial for
participating in the Hajj pilgrimage, as it
requires good physical status to fully
participate in all activities. Physical fitness
as a daily activity is influenced by muscle
strength, flexibility, balance, agility, gait

velocity, and cardiorespiratory fitness.?
Cardiorespiratory ~ measurements  are
components of health-related physical
fitness that measure maximum oxygen
consumption during activity.®’

The six-minute walk test (6-MWT)
that proceeds during istitha’ah is a
submaximal effort test that is inexpensive,
easy to implement, and reflects activities of
daily life. The results can predict mileage
capability and  maximal oxygen
consumption. The 6-MWT has been
extensively validated and provides valuable
insights into the impact of pathological
conditions on function and prognosis.
Moreover, it can evaluate the effectiveness
of interventions.»?Age, body mass index
(BMI), body composition, and strength
affect 6-MWT findings in persons with
obesity.!® The 6-MWT can predict
cardiovascular events in patients with
stable coronary heart disease.!! The
distance walked in the 6-MWT by patients
undergoing haemodialysis is influenced by
muscle strength, iron deficiency anaemia,
and prior coronary artery disease.'? Patients
on haemodialysis often have end-stage
renal disease, which is associated with high
serum creatinine levels due to free filtration
through renal glomeruli.!? Serum creatinine
values can predict all-cause mortality in
persons with hypertension and in those with
advanced age.'*!3

This cross-sectional study aimed to
reduce illness and mortality rates among
persons who embark on Hajj pilgrimages
by analysing clinical health data obtained
from pilgrims. The results of health
examinations will serve as primary data to
predict the functional capacity of Hayjj
pilgrims.

METHODS

We obtained secondary health
information from the Ministry of Religious
Affairs about Indonesian Hajj pilgrims
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during the (istitha’ah) pre-departure period
of May 2022. The health examinations
implemented by health professionals at the
Indonesian Ministry of Religious Affairs
included medical, clinical, and family
histories, a physical examination, and
laboratory tests. The Health Research
Ethics Committee, Faculty of Medicine,
Airlangga University, approved the data
collection and review  procedures
(Approval ID:
103/EC/KEPK/FKUA/2023) and waived
the need for written consent because we
analysed secondary innominate data with
minimal risk to participants.

Participants

We selected data from 6,325
consecutive Hajj pilgrims in Indonesia
during 2022, out of these 2,933 met the
following inclusion criteria: age >60 and at
least one comorbidity. We examined the
data to ensure completeness, and records
with incomplete data were excluded.

Data collection

We collected secondary data about
the clinical characteristics of Indonesian
Hajj pilgrims in 2022. The data included
demographic information (age and gender),
basic anthropometry (weight, height, and
BMI), and medical history data, such as
cigarette smoking, hypertension, heart
disease, diabetes mellitus, stroke, asthma,
chronic renal failure, hyperthyroidism, and
previous hospitalisation.

Haemoglobin, leukocytes, platelets,
uric acid, creatinine, aspartic aminotransferase
(AST), alanine transaminase (ALT), low-
density lipoprotein-cholesterol (LDL-C),
high-density lipoprotein-cholesterol (HDL-
C), triglycerides, fasting plasma glucose
(FPG), and 2-h postprandial plasma glucose
(2HPP) were routinely assessed in fresh
serum before departure.

The World Health Organisation
classifies BMI (kg/m?) 0of <18.5, 18.5-22.9,
23.0-24.9, 25.0-29.9, and >30 kg/m? in
Asian populations as underweight, normal
weight, overweight, and obesity classes I
and II, respectively.'¢

Hypertension is defined as systolic
blood pressure (SBP) >140 mmHg and/or
diastolic blood pressure (DBP) >90 mmHg,
according to the American College of
Cardiology (ACC), the American Heart
Association (AHA), and the European
Society of Cardiology 2018 (ESC 2018).
Hypertension is graded as 1-3 based on
respective SBP or DBP values of 140-159
and/or 90-99, 160-179 and/or 100-109,
and >110 mmHg.!” According to the
American Diabetes  Association, a
diagnosis of diabetes can be reported by a
healthcare professional or determined by an
oral glucose tolerance test with a 2-h
plasma glucose level of 200 mg/dL (11.1
mmol/L) for persons without self-reported
diabetes.!8

The functional capacity of Hajj
pilgrims was assessed using the
standardised 6-MWT developed by the
American Thoracic Society (ATS). This
test requires a simple walk of 100 m on a
flat, hard surface without the use of exercise
equipment or trained technicians. The
distance walked in 6 min can be used to
evaluate the integrated responses of various
physiological systems, including the
pulmonary, cardiovascular, systemic, and
peripheral circulation, neuromuscular unit,
blood, and muscle metabolism.!®

Participants walked at their own
pace along a 30-m flat, straight track for 6
min with options to stop and rest as
necessary. The total distance walked was
then measured, and participants were
categorised into age groups based on the
results (Tables 1 and 2).°
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Table 1. Cardiorespiratory fitness of males measured using 6-MWT’

Distance (m) walked according to age (y)

Category

60—64 65-69 70-74 75-79 80-84 85-89  90-94
Excellent 700 650 600 550 500 450 400
Good 650 600 550 500 450 400 350
Fair 600 550 500 450 400 350 300
Poor 550 500 450 400 350 300 250
Very poor 500 450 400 350 300 250 200

Table 2. Cardiorespiratory fitness of females measured using 6-MWT for participants’

Distance (m) walked according to age (y)

Category 6064 6569 7074 7579 80-84 8589 9094
Excellent 650 600 550 500 450 400 350
Good 600 550 500 450 400 350 300
Fair 550 500 450 400 350 300 250
Poor 500 450 400 350 300 250 200
Very poor 450 400 350 300 250 200 150

Statistical analysis Indonesia who participated in the Hajj in

All data were statistically analysed
using IBM SPSS Statistics for Windows
version 20.0 (IBM Corp., Armonk, NY,
USA). Normally distributed data were
evaluated using the Kolmogorov—Smirnov
test. Continuous and categorical variables
are presented as medians with 25%-75%
percentiles, and as absolute frequencies and
ratios (%). Univariate continuous and
numeric  categorical  variables  were
compared using Pearson correlations (r)
and independent t-tests, respectively.
Values with p <0.05 were considered
statistically significant.

RESULTS
Baseline characteristics

We included data from 2,933
pilgrims (female, 57.9%; males, 42.1%) in

2021 who were either aged <60 or had
comorbidities. All met the inclusion criteria
and provided complete demographic data,
physical examinations, laboratory results,
and clinical manifestations. Table 3 shows
their clinical characteristics. The average
BMI was approximately 26.08, 10.8% were
smokers, and many had the following
comorbidities: hypertension (30.8%), heart
disease (43%), diabetes mellitus (11.6%),
stroke (1.9%), asthma (3.1%), chronic renal
failure (0.1%), and hyperthyroidism
(0.9%). Furthermore, 1.4% of pilgrims had
a history of hospitalization. The 6-MWT
results were low (16.4%), sufficient
(18.3%), good (39.7%), and excellent
(22.5%) (Table 3). Table 4 shows
laboratory findings of mildly elevated
serum creatinine as well as elevated mean
FPG and triglyceride values (Table 4).
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Table 3. Clinical characteristics of Hajj pilgrims

Clinical characteristics (n=2,933)
Age (y) 54.90 + 8.35
Sex n (%)
Male 1,235 (42.1)
Female 1,698 (57.9)
BMI (kg/m?) 26.08 £4.57
Smoker n (%) 317 (10.8)
Comorbidity n (%)
Hypertension 903 (30.8)
Heart Discase 126 (4.3)
Diabetes Mellitus 340 (11.6)
Stroke 56 (1.9)
Asthma 91 (3.1)
Chronic Kidney Disease 3(0.1)
Hyperthyroidism 27(0.9)
Previous hospitalisation 41 (1.4)
6-MWT n (%)
Low 481 (16.4)
Sufficient 537 (18.3)
Good 1,164 (39.7)
Excellent 660 (22.5)

6-MWT, six-minute walk test; BMI, body mass index

Table 4. Mean laboratory findings of Hajj pilgrims

Parameters Mean Normal range
Heamoglobin (g/dL) 14.36 +£ 28 M: 13.5-17.5
F: 11.5-15.5
Leukocyte (/mm?) 8.03+5 3.37-10.0
Platelets (103/uL) 281 + 74 150-450
Uric Acid (mg/dL) 564+11 M: 3.4-7.0
F:2.4-5.7
Creatinine (mg/dL) 1.40£5 0.5-1.2
AST (U/L) 24.02 £ 10 0-37
ALT (U/L) 3435+5 0-55
FPG (mg/dL) 112.35+52 <100
2HPP (mg/dL) 148.97 £ 21 <200
HDL (mg/dL) 71.75£59 >60
LDL (mg/dL) 127.90 + 45 <100
Triglycerides (mg/dL) 241.12+ 39 <150

2HPP, 2-h postprandial plasma glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; F,
female; FGP, fasting glucose plasma; HDL, high-density lipoprotein; LDL, low-density lipoprotein; M, male
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Correlations between laboratory findings
and 6-MWT

We investigated relationships
between the 6-MWT and laboratory
findings of haemoglobin, leukocytes, uric
acid, AST, ALT, FPG, HDL, 2-HPP, and
triglycerides and observed no significant

correlations (p >0.05). However, 6-MWT
and platelets, LDL, and creatinine
significantly correlated (two-tailed P
<0.05). Platelets and creatinine were
weakly correlated (r = 0.038 and 0.054,
respectively, p <0.05; Table 5).

Table 5. Correlation coefficients between 6-MWT and laboratory findings

Parameters r p
Haemoglobin 0.013 0.476
Leukocyte 0.027 0.143
Platelets 0.038 0.038*
Uric Acid -0.007 0.718
Creatinine -0.054 0.003*
AST 0.021 0.258
ALT 0.031 0.096
FPG 0.017 0.360
2HPP -0.014 0.442
HDL -0.007 0.690
LDL 0.101 <.001*
Triglycerides -0.020 0.287

2HPP, 2-h postprandial plasma glucose; r, coefficient correlation; p, probability. ALT, alanine aminotransferase;
AST, aspartate aminotransferase; FGP, fasting glucose plasma; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; *p <0.05

DISCUSSION

The 6-MWT is a submaximal effort
test of functional capacity that can reflect
daily life activities inexpensively and
easily. Moreover, it can predict prognosis,
mortality, and morbidity in patients with
lung and/or heart disease, applicable to both
adults and children.?® Thus, this test is
applied to assess the physical fitness of Hajj
pilgrims during istitha’ah. Factors that
influence the distance walked in the 6-
MWT have been investigated in various
populations.

Age correlates with the distance
walked. This indicates that decreased
functional capacity due to ageing leads to
reduced muscle strength. The normal
ageing process affects changes in type 2
muscle fibres, and reduced capillarity of the

vascular bed and blood flow can cause
muscle abnormalities.?!

One of the factors that influences 6-
MWT outcomes is BMI. Body fat mass is a
predictor associated with distance walked
during the 6-MWT in patients with end-
stage renal disease.?? A correlation has been
identified between 6-MWT outcomes and
each of the mid-thigh area and
intraabdominal fat.>> Weight reduction
programmes can significantly increase 6-
MWT outcomes among patients with
obesity.?*

The 6-MWT correlates with various
comorbidities and is a predictor of mortality
among  adult patients  undergoing
haemodialysis®. Every 100-m increase in
the distance indicates a 5.3% increase in life
expectancy.”> A study  examining
psychological factors that can affect the
results of the 6-MWT reported that
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depressed patients with chronic obstructive
pulmonary disease (COPD) might not walk
very far due to a lack of encouragement to
engage in physical activity in daily life.?¢
Patients with advanced heart failure have a
higher risk of mortality if they are unable to
walk more than 200-220 m. These
distances have been notably identified as
cut-off values for mortality risk.?” 28

The current study observed that
serum creatinine affected the 6-MWT
results in Hajj pilgrims. Serum creatinine is
routinely measured to assess kidney
function?, as it is filtered by glomeruli in
the kidneys and can provide estimated
glomerular filtration rates.’® Renal function
abnormalities increase the risk of poor
physical performance and cardiovascular
diseases associated with advanced age,
such as hypertension, diabetes mellitus,
dyslipidaemia, and oxidative stress.3!-33

Creatinine plays a vital role in
energy metabolism in skeletal and heart
muscles. As a natural Dbioenergetic
component, it is converted into creatine
phosphate, or phosphocreatine, and stored
in muscle to produce energy. The
phosphorylated isoform of creatinine
functions as a temporary buffer to maintain
ATP concentrations through ADP re-
phosphorylation during intense muscular
activity.** Creatinine is endogenously
synthesised in the liver, kidney, and
pancreas. Creatine supplementation might
increase its availability in muscle, affect
ATP regeneration, and potentially improve
muscle performance in athletes.’> 36
However, creatine does not affect the
distance walked during the 6-MWT 3¢

Physical inactivity is a risk factor
for low cardiorespiratory fitness and is
indicated by walking short distances during
the 6-MWT,; this can facilitate the
development of atherosclerosis in blood
vessels. Atherosclerosis is formed through
a complex mechanism  involving
endothelial dysfunction that leads to
vascular inflammation that further damages
blood vessels. Such inflammation triggers

the release of pro-inflammatory cytokines,
chemokines, and reactive oxygen species,
as well as pro-inflammatory leukocyte
recruitment, adhesion, and subendothelial
transmigration. Platelets play key roles in
enhancing the inflammatory process
through activation and binding to the
endothelium resulting in chemokine release
and adhesion molecule expression. The
oxidative stress process increases the
affinity of LDL for macrophages as a key
step in atherosclerotic lesion formation.
Plaque rupture or the erosion of lesions can
lead to arterial thrombosis.’*° Therefore,
LDL and platelet levels reflect
atherosclerosis in blood vessels. This is
relevant to the current study, which
observed a significant correlation between
the 6-MWT, LDL, and platelets in Hajj
pilgrims.

This study has certain limitations. The
sample was considerably smaller than the
number of pilgrims that annually depart
from Indonesia for the Hajj. We did not
accurately represent the age factor that
affects functional capacity during the Hajj.
The laboratory tests were limited, and we
did not measure other parameters of

physical fitness, such as strength,
flexibility, and balance, among Hajj
pilgrims. Therefore, further tests are

necessary to identify all factors that affect
6-MWT outcomes.

CONCLUSION AND
RECOMMENDATION

Physical fitness is important for
pilgrims to participate in and complete all
activities associated with the Hajj. The 6-
MWT is an economical and simple
measurement of physical performance that
can be completed during istitha’ah. Serum
creatinine, LDL-C, and platelet values
influenced the 6-MWT, indicating a
correlation with functional capacity among
pilgrims.

These findings indicate the
importance of pre-departure assessments of
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physical fitness for Hajj pilgrims. This will
help to improve their physical endurance
during istitha’ah and ensure their full
participation in all Hajj activities. Further
studies of larger samples are needed to
determine additional factors that might
influence the functional capacity of Hajj
pilgrims.
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