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Abstract
Heat-related illnesses (HRIs), mainly heat exhaustion (HE) and heat stroke (HS), are characterized by an elevation of core body
temperature. In this study, we aimed to explore the HRIs’ types and patient characteristics among a sample taken from various
representative in-field points in the Hajj season. A cross-sectional study was conducted in 2018 at 80 data collection points
distributed in the field. Data related to demographics, features and risk factors were collected and analyzed from all encountered
cases with suspected HRIs. Moreover, we developed a diagnostic tree for HRIs by using the XGBoost model. Out of the 1200
persons encountered during the study period, 231 fulfilled the criteria of HRIs spectrum and were included in this study. Around
6% had HS and 20% had HE. All HS cases (100%) were from outside of Saudi Arabia as compared with 72.5% diagnosed with
HE (27.5% were from Saudi Arabia). In addition, 16% were considered as heat-induced muscle spasms, and 7% had limb heat
edema. Additionally, most of HRIs cases were reported between 11 am and 1 pm. The HRIs diagnostic tree model gave a
diagnostic accuracy of 93.6%. This study highlights the magnitude of HRIs among pilgrims in Hajj and provides a diagnostic tree
that can aid in the risk stratification and diagnosis of these patients. We advise the implementation of more educational campaigns
to pilgrims regarding preventable measures especially for the vulnerable groups (e.g. from outside Saudi Arabia, those with
comorbidities and light-skinned people).
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Introduction

Every century, there is an estimated increase in global temper-
ature of 0.6 °C in summer (Change IPOCJA 2007). European

countries and North America have thousands of fatalities as a
result of heat-related illnesses (HRIs) (Kim 2016; Robine et al.
2008). HRIs are characterized by an elevation of core body
temperature and usually result from exposure to high environ-
mental temperatures and/or strenuous physical activities (Gauer
and Meyers 2019). They constitute a spectrum of conditions
mainly heat exhaustion (HE) and heat stroke (HS). In HE, the
core temperature rises to a range between 38 and 40 °C along
with variable symptoms such as discomfort, thirst, nausea and
vomiting in the absence of severe neurologic symptoms
(Bouchama and Knochel 2002; Gauer and Meyers 2019). If it
is left untreated, it can progress to a life-threatening HS with an
elevated core body temperature of greater than 40 °C along
with severe neurologic symptoms including confusion and sei-
zures (Bouchama and Knochel 2002). HS is a medical emer-
gency that has a mortality rate of 12% in adult cases (Jardine
2007). As a result, prompt identification and aggressive sup-
portive care are essentially needed to minimize mortality.

The Hajj season, which is the Muslim pilgrimage to
Makkah in Saudi Arabia, is considered as one of the
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largest annual mass gatherings worldwide (Ghaznawi and
Ibrahim 1987; Sindy et al. 2015). Before the COVID-19
pandemic, it was estimated that by 2020, around four
million pilgrims will gather annually within a few days
to perform Hajj. In recent years, the period Hajj coincided
with summer seasons during which the temperature has
risen to 48.7 °C (Qari and Sciences 2019). Moreover,
these pilgrims are predisposed to several risk factors that
increase the risk of HRIs including long-distance walking,
continuous standing under direct sun exposure, over-
crowding, physical exertion and dehydration. Despite all
devoted resources and measures (e.g. equipment, facilities
and trained staff) taken by the Saudi government and the
Ministry of Health (MOH), HRIs are still a big challenge
to tackle (Memish 2011).

HRIs in Saudi Arabia were addressed by some literature
studies which reported the epidemiology and environmen-
tal factors associated with it (Dzaraly et al. 2014;
KHOGALI 1983; Noweir and Bafail 2008; Sindy et al.
2015). Those studies assessed climate changes and evalu-
ated HRIs as part of a broader assessment of non-
communicable diseases. However, available studies are de-
scriptive in nature. Besides, they lack specifications of the
disease course and were conducted in a specific hospital or
area and only one study, to the best of our knowledge, has
shed the light on the general HRI patient characteristics and
their outcomes during Hajj (Abdelmoety et al. 2018). Till
now, no study has systematically enrolled encountered pil-
grims from the actual field, including those who have not
been admitted to hospitals or those who have not yet sought
professional medical help. Therefore, the present study
aimed to explore the HRIs’ types and patient characteristics
from a sample taken from various representative in-field
data collection points. The results will shed light on the
variable HRI presentations among regular pilgrims to pro-
vide a better understanding of the condition.

Methodology

Study design

We conducted a cross-sectional observational study dur-
ing the Hajj pilgrimage season in 2018 at several data
collection points in Arafat and Mena regions. The sites
of the data collection points were determined based on
the experience of medical volunteers from the Saudi
Medical Academy for Volunteering (SMAV) and in coop-
eration with the Saudi Civil Defense who are known ex-
perts in highly crowded pathways. Moreover, the majority
of these collection points were set in fields where the
medical centers are relatively far from them.

Ethical consideration

The Institutional Review Board of King Fahd Medical
City in Riyadh, Saudi Arabia, gave ethical approval for
the study protocol. Moreover, written and oral informed
consent were taken from each participant before the en-
rollment in this study.

Participants

All pilgrims who were found in the field or presented to a data
collection point with any of HRIs’ symptoms with or without
increased body temperature were included in this study. HRIs
were defined according to Glazer’s definition (Glazer 2005).
Participants were diagnosed with HE if they had mild hyper-
thermia (core body temperature between 37 and 40 °C) along
with dizziness, fatigability, headache, nausea, vomiting and/or
shortness of breath. On the other hand, participants were di-
agnosed with HS if they had hyperthermia (core body temper-
ature ≥ 40 °C) and central nervous system dysfunction
(Glasgow coma scale (GCS) < 15). Because some cases had
a core body temperature ≥ 40 °C but did not meet the previous
definition to be classified as HS, we classified those as
suspected HS. Similarly, those who had a core body temper-
ature < 40 °C but with a decline in their GCS < 15 were
classified as suspected HS. Also, participants who had normal
body temperature but with HE symptoms were classified as
suspected HE cases. Based on Glazer’s definition, we also
evaluated the heat cramps and heat limb swelling. Heat
cramps were defined as contractions of the skeletal muscles,
usually the lower limbs after heat exposure with fluid and salt
imbalance. Heat limb swelling was defined as a swelling of
the dependent regions due to the vasodilation and orthostatic
pressure often in unaccustomed individuals.

Data collection

Trained data collectors were distributed in 80 different
data collection points from 9 am till 11 pm and used an
electronic structured survey powered by Epicollect5 to
collect data related to all of the included participants.
The survey included questions related to demographics,
comorbidities, current use of medications, original skin
color (black, brown or white) and skin changes (dry,
hot, cold, moist or pale). Noteworthy, vital signs, GCS
and blood sugar were assessed in the same setting that
these patients were receiving the management.

Statistical analysis

Data analysis was carried out via the statistical package for
social sciences software (SPSS version 25). Descriptive statis-
tics were reported with means and standard deviation (SD) for
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continuous variables and compared by the Student’s t test.
Frequency charts and percentages were used for categorical
variables and were compared using the chi-square test (or
Fisher’s test, as appropriate). We considered P value < 0.05
as statistically significant. An ensemble of Decision Tree
(XGBoost) was used to build the predictive machine learning
model. The model calculated an F score (feature score) based
on the number of occurrences of each feature in the ensemble.
The F score is a measure of feature importance when
predicting an outcome. When building the model, categorical
features were converted to a numerical representation for the
model to consume. Since the categories have no natural order,
they were transformed into a binary format using a technique
known as “one-hot encoding”. Model training was conducted
on 80% of the data sample and the results were verified on the
remaining 20%. The model was trained to predict one of five
possible outcomes: HS, HE, suspected HS, suspected HE and

no heat-related illness. The diagnostic tree was built as an
aggregation of the tree ensemble. It uses the “Gini impurity”
to determine where features appear in the tree and the value
they split on. Features with high F scores indicated that they
appeared often in separate decision trees. The F score was not
used to build the diagnostic tree.

Results

Characteristics of the included participants

Out of 1200 persons encountered during the study period,
231 presented with HRI symptoms and thus were includ-
ed in this study. The mean age in years for the study
participants was 47 and 56% (n = 130) of them were
males. Most of these participants were Arabs (55%)
followed by Asians (29.4%), and then Africans (6.5%).
The majority came from outside Saudi Arabia (76.2%).
Among those who reported comorbidities, hypertension
was the most prevalent comorbidity (16.5%). Other infor-
mation related to the characteristics of all participants can
be found in Table 1.

HRI spectrum

Concerning the HRI spectrum, 6% (n = 14) were found to
have HS while 17.32% (n = 40) had HE. Nearly two-thirds
of the sample were suspected cases of HS (31.17%, n = 72)
and HE (34.20%, n = 79) (Fig. 1). In addition, 16% (n = 37)

Table 1 Description of the sample’s demographics and clinical
characteristics (n = 231)

Variable Count %

Mean age (SD) 47 (14)

Gender Male 130 56.3%

Female 101 43.7%

Ethnicity Arab 127 55.0%

Asian 68 29.4%

African 15 6.5%

Others 21 9.1%

Residence In Saudi Arabia 55 23.8%

Outside Saudi Arabia 176 76.2%

Smoking No 209 90.5%

Yes 22 9.5%

Skin color Light 99 42.9%

Medium to brown 120 51.9%

Dark brown to black 12 5.2%

Comorbidities Diabetes mellitus 18 7.8

Hypertension 38 16.5

Asthma 11 4.8

Multiple 25 10.8

Do not know 20 8.7

Not reported 119 51.5

Mean SD

GCS 14 2

Oral temperature (C) 38 1

Blood glucose (mg/dl) 134 69

Systolic blood pressure (mmHg) 130 22

Diastolic blood pressure (mmHg) 87 52

Heart rate (beat/min) 96 23

GCS Glasgow coma scale Fig. 1 Heat-related illnesses (HRI) spectrum of eligible encountered
cases in the field. HE: heat exhaustion; HS: heat stroke
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were considered as heat-induced muscle spasms, and 7% (n =
16) had limb heat edema. Additionally, most of HRI cases
were reported between 11 am and 1 pm (Fig. 2).

Table 2 shows a comparison between HS and HE
cases. Ethnicity, residence, GCS, temperature and blood
glucose were significantly different between the two
groups. The frequency of symptoms in HS and HE cases
in order from the highest to lowest were dizziness, fatiga-
bility, headaches, shortness of breath, vomiting, and nau-
sea and heat muscle cramps (Fig. 3). Various skin changes
were observed for HS and HE cases with the skin being
hot and dry in HS cases, while being moist, red and hot in
HE cases (Table 3).

HRI diagnostic tree using XGBoost model

Our model ranked the top seven clinical features based on
their F score. The features in descending order were tem-
perature, GCS, diastolic blood pressure, heart rate, systol-
ic blood pressure, age and blood glucose (Fig. 4). The top
seven clinical features were then used to train a decision
tree model whose output is shown in Fig. 5. The decision
tree model achieved a diagnostic accuracy of 93.6%.

Discussion

Nowadays, the summer seasons are getting hotter than at
any time before. The results of this study provide useful
data regarding HRI spectrum in one of the biggest mass
gathering events in the world. During this Hajj season, we
expected a higher number of critical cases of HRIs in the
field due to the excessive exhaustion combined with the
extreme climate, which are always present in each pil-
grimage season. We think that the lower than expected
rates of HRIs in this study is due to the adequate measures
taken by the official authorities against HRIs such as the
installation of automatic water sprayers along the pil-
grims’ paths or even manually by thousands of security
officers and many public cold-water taps (Shafi et al.
2016). These simple measures have an important role in
the prevention of HRIs as per what we observed in the
field. Furthermore, the temperature during the period of
Hajj (20th Aug to 23rd Aug 2018) was relatively mild due
to the cloudy or partially cloudy weather. Besides, the
highest temperatures registered were lower than the aver-
age temperatures of that month by 2 to 5 °C, and that fact
is to be considered a significant factor in the decreased
rates of HRIs (Anonymous).

Fig. 2 The time distribution of HRI cases during the days of Hajj. It showed the highest risk of getting HRIs in this period of time (11 AM and 1 PM)
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Hypertension and diabetes mellitus were the most common
comorbidities among HS and HE cases in our sample. These
two comorbidities in elderly HS cases were shown to be

significantly associated with more hospital admissions
(Glazer 2005; Semenza et al. 1996). For this reason, pilgrims
with chronic diseases who intend to go to Hajj or participate in

Heat Stroke Heat Exhaustion

Fig. 3 Reported symptoms among diagnosed HE and HS cases

Table 2 Descriptive statistics of the demographics and characteristics of HS and HE cases

Demographic and medical data Heat stroke (n = 14) Heat exhaustion (n = 40) P valueb

Count % Count %

Age Mean (SD) 51 (14) 49 (15) 0.66

Gender Male 7 50.00% 23 57.50% 0.58
Female 7 50.00% 17 42.50%

Ethnicity Arab 4 28.60% 20 50.00% 0.01
Asian 4 28.60% 14 35.00%

African 1 7.10% 2 5.00%

Others 5 35.70% 4 10.00%

Residence In Saudi Arabia 0 0.00% 11 27.50% 0.03
Outside Saudi Arabia 14 100.00% 29 72.50%

Smoking No 13 92.90% 39 97.50% 0.46
Yes 1 7.10% 1 2.50%

Skin color Light 9 64.30% 17 42.50% 0.50
Medium to brown 5 35.70% 22 55.00%

Dark brown to black 0 0.00% 1 2.50%

Comorbiditiesa Diabetes mellitus 1 7.1% 3 7.50% 1

Hypertension 1 7.10% 6 15.00% 1

Asthma 0 0.00% 2 5.00% 1

Multiple 2 14.30% 4 10.00% 0.59

GCS Mean (SD) 10 (3) 15 (0) < 0.001

Temperature Mean (SD) 40 (1) 38 (0) < 0.001

Blood glucose Mean (SD) 143 (23) 114 (47) 0.03

Heart rate Mean (SD) 96 (17) 99 (18) 0.59

GCS Glasgow coma scale
a Data is missing for 10 participants in the HS group while data is missing for 25 participants in the HE group
b Continuous variables were compared using the Student’s t test, while categorical variables were compared using the chi-square test (or Fisher’s test, as
appropriate)
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mass gathering activities need to be aware of the increased risk
of HRIs. Also, more attention is needed for elderly individuals
in such situations. Low blood flow to the skin, low cardiac
output, diminished thirst sensation and decreased sweat gland
function are the most important contributors to the thermoreg-
ulation malfunction in the elderly (Balmain et al. 2018). For
this reason, healthcare providers should suspect HRIs with
any symptoms mentioned earlier and must rapidly and ade-
quately manage these patients.

Although HE is not a life-threatening condition, it can eas-
ily progress to HS (Bouchama and Knochel 2002).
Furthermore, the oxidative hepatic injury along with the

hepatic apoptosis was observed due to heat stress in a preclin-
ical study (Khafaga et al. 2019). Therefore, more attention is
needed to adequately train health care providers to prevent
HS’s rapid progression and high fatality, through the timely
management of these cases, especially during such crowding
events (Shafi et al. 2016). Moreover, we recommend that all
prospective participants to the next Hajj seasons be educated
about self-preventive measures including avoiding direct ex-
posure to the sun, using sunblock, taking adequate water,
seeking shade and avoiding exhausting activities (Al-Masud
et al. 2016; Galal and Salem 2003). This is essentially needed
for pilgrims from outside Saudi Arabia, as the study numbers
have shown that most cases of HRIs were pilgrims from out-
side Saudi Arabia (100% of HS and 76% of total HRIs cases).
Further studies are required to confirm the role of educational
campaigns in reducing the rates of HRIs.

The diagnostic criteria and definitions for HRI spectrum
have significant variations in the literature. Besides, more clar-
ification is needed about the cases which are classified as
suspected HS or HE. Accordingly, it is recommended that
further studies are conducted to better define the diagnostic
criteria of HRIs and to establish globally agreed diagnostic
criteria for HRIs. Also, 79 cases suffered HE symptoms but
fell short of fulfilling the criteria of HE. For the above reasons,
we tried to find a new helpful set of diagnostic criteria by
developing the algorithm tree mentioned earlier. This can

Fig. 4 HRI feature importance as determined by the XGBoost model shows the F score of each variable from the highest to the lowest (top to bottom).
GCS: Glasgow Coma Scale; DBP: diastolic blood pressure; SBP: systolic blood pressure

Table 3 Skin changes among HS and HE cases

Features Heat stroke (n = 14) Heat exhaustion (n = 40) P valuea

Count Column N % Count Column N %

Dry skin 6 42.9% 10 25.0% 0.07

Moist skin 1 7.1% 20 50.0% 0.002

Red skin 1 7.1% 20 50.0% 0.01

Pale skin 0 0.0% 2 5.0% 1

Hot skin 5 35.7% 18 45.0% 0.56

Cold skin 2 14.3% 3 7.5% 0.61

a Chi-square test or Fisher’s test, as appropriate
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potentially become a simple tool for risk stratification and
diagnosis of these patients. However, further studies are war-
ranted to confirm the accuracy of this model and find more
accurate diagnostic models and tools.

This study suffers from several limitations related to the
cross-sectional design of this study, which prevented us from
establishing a temporal relationship between the variables.
Also, we were not able to follow the outcomes in these study
participants in the long term. Furthermore, we acknowledge
that the sample size is small. However, this affects all statisti-
cal models and the XGBoost was chosen to mitigate this risk.

Conclusion

This study highlights the magnitude of HRIs among pilgrims
in the 2018 Hajj season and provides a diagnostic tree that can
aid in screening and risk stratification of these patients.
Elderly people and those with chronic diseases were more
prone to get HRIs. More efforts are needed to educate these

vulnerable groups. In addition, more research needs to be
done to develop clearer definitions and diagnostic criteria for
cases who have signs in the grey zone between HS and HE as
they may eventually develop life-threatening HS.
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