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ABSTRACT

Objectives This review aimed to describe the
epidemiology of all heat-related illnesses in women
compared with men in the armed forces and to identify
gender-specific risk factors and differences in heat
tolerance.

Design A systematic review of multiple databases
(MEDLINE, Emcare, CINAHL, PsycINFO, Informit and
Scopus) was conducted from the inception of the
databases to 1 April 2019 using the preferred reporting
items for systematic review and meta-analysis guidelines.
Eligibility criteria All relevant studies investigating and
comparing heat illness and heat tolerance in women and
men in the armed forces were included in the review.
Results Twenty-four studies were included in the
systematic review. The incidence of heat stroke in women
ranged from 0.10 to 0.26 per 1000 person-years, while
the incidence of heat stroke ranged from 0.22 to 0.48
per 1000 person-years in men. The incidence of other
heat illnesses in women compared with men ranged from
1.30 to 2.89 per 1000 person-years versus 0.98 to 1.98
per 1000 person-years. The limited evidence suggests
that women had a greater risk of exertional heat illness
compared with men. Other gender-specific risk factors
were slower run times and body mass index. Although
there was a higher proportion of women who were heat
intolerant compared with men, this finding needs to be
interpreted with caution due to the limited evidence.
Conclusion The findings of this review suggest that men
experienced a slightly higher incidence of heat stroke
than women in the armed forces. In addition, the limited
available evidence suggests that a higher proportion of
women were heat intolerant and being a female was
associated with a greater risk of exertional heat illnesses.
Given the limited evidence available, further research is
required to investigate the influence of gender differences
on heat intolerance and heat illness.

INTRODUCTION

Heat illnesses are disorders that arise after
prolonged exposure to heat/humidity and/
or increased physical activity.! When body
temperature rises, conduction, convection,
radiation and evaporation mechanisms
help to cool the body and maintain normo-
thermia.' However, heat loss is susceptible to
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Strengths and limitations of this study

» This is the first known systematic review investigat-
ing the impact of gender on exertional heat illness
and heat tolerance in the armed forces.

» We conducted a comprehensive search and identi-
fied potential risk factors that are associated with
exertional heat illness.

» Most of the included studies utilised retrospective
data with an increased likelihood of misclassifica-
tion bias which may have underestimated or overes-
timated the association between heat-related illness
and risk factors.

prevailing environmental conditions and type
of clothing worn. Without adequate cooling,
heat illnesses may occur including exercise-
associated muscle cramps, heat syncope, heat
exhaustion and heat stroke, a potentially life-
threatening disorder.'

Heat stroke is a medical emergency.” It is
characterised by elevated core temperature
of 40°C and above, central nervous system
disturbances and multiorgan damage that
may result in death.” Heat stroke has been
classified as either classic or exertional.”
Classic heat stroke is insidious in onset and
occurs in vulnerable populations such as
young children, the elderly and patients with
chronic diseases.? On the other hand, exer-
tional heat stroke occurs more rapidly and
affects healthy, active people such as athletes,
factory workers, construction workers, agricul-
tural workers, firefighters and armed forces
personnel.” The workers in these industries
often require high levels of physical exertion
to perform jobs and tasks. A combination of
rigorous activities and extreme exposure to
heat place the workers at increased risk of
heat stroke.’

Among armed forces personnel, exer-
tional heat illness continues to pose as a
significant cause of morbidity and mortality.7
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Operations and training may involve exposure to high
ambient temperature and heavy workload which may
result in heat illness.” Historically, men have occupied
military roles and responsibilities with few proportions of
women in the armed forces.® However, more women are
joining the armed forces globally following the inclusive
approach to recruiting and creation of more roles for
women.” Women are required to operate in austere envi-
ronments with heat illnesses becoming more frequent.’
This has raised the question about gender differences in
thermoregulation during heat stress.” Evidence suggests
that women differ from men in thermal responses to
heat."” This difference may be because women have a
lower rate of whole-body evaporative heat loss, higher
body fat mass, body mass ratio,'' number of sweat glands
and lower aerobic fitness.'? Also, hormonal variations due
to menstrual cyclic patterns and the use of contraceptive
pills may be associated with the differences in responses
to heat stress."”

When exertional heat illness occurs, it may be chal-
lenging to determine if an individual may return to duty.
An inaccurate determination of complete recovery among
armed forces personnel may negatively impact military
readiness.' While, there are no evidence-based recom-
mendations for return to duty, the American College
of Sports Medicine guidelines state that exertional heat
stroke patients may return to duty after re-establishing
heat tolerance."” Individuals vary in their ability to cope
with heat stress and the inability to withstand heat stress
during exertion in hot environments is defined as heat
intolerance.” Evidence suggests that heat intolerance may
be as a direct result of heat stroke or due to predisposing
inherent factors (genetics).” However, the objective
criteria or measure for defining heat tolerance or intol-
erance remains a subject of controversy.'* The current
return to duty guidelines for military personnel varies
across countries.'® For example, in the United States of
America (USA), the military return to duty process is
based on clinical assessments with gradual acclimatisation
and reintroduction of duties.'” By contrast, return to duty
in the Israeli Defence Force requires a heat tolerance test
to determine if an individual is heat tolerant.'® Therefore,
it is important to develop an evidence-based return to
duty protocol across the globe.

The Israeli Defence Force originally developed the
heat tolerance test in 1979 as an index of the ability of
soldiers to cope with exertional heat.'”® Individuals who
have suffered heat stroke are sent for a heat tolerance
test after a minimum recovery period of 6-8 weeks as part
of the return to duty process.'® Criteria used to define
heat intolerance include an elevation in rectal tempera-
ture above 38.5°C and heart rate above 150 bpm or when
rectal temperature or heart rate fails to stabilise during
the test. The heat tolerance test criteria are based on
previous studies by Shapiro et al'’ which utilised only male
military participants.'® ' While the test may be consid-
ered as a useful tool to determine return to duty and to
prevent subsequent exertional heat stroke,'® '? there is no

consensus on the validity of the tool as a diagnostic test
for heat tolerance.' Furthermore, the heat tolerance test
does not account for predicting factors such as gender."*
Given the limitation, questions have been raised about
the validity of the protocol in determining return to duty
for females in the armed forces. It has been suggested
that more research is required to determine whether or
not a new protocol should be developed for women.'?

Asrestrictions on gender based-exclusions from military
specialisations are lifted,” it is imperative to understand
and evaluate exertional heat illness in women compared
with men and identify the gender-specific risk factors.
Furthermore, it is important to understand how women
respond to the heat tolerance test compared with men.
According to a recent review on the risk of heat illness in
women compared with men in the general population,
men are at increased risk of heat illness compared with
women.”! However, no previous review has investigated
the epidemiology and risk factors of heat illness as well as
gender responses to the heat tolerance test in men and
women in the armed forces. Given that, heat illness can
impact defence operational effectiveness and may result
in acute loss of manpower and possible medical discharge
from service,22 the review should be conducted to inform
policies.

Therefore, the objective of this systematic review was to
provide a comprehensive summary of the epidemiology
of heat illness and heat intolerance in women and men in
the armed forces.

Specific aims were as follows:

To determine the incidence and prevalence of heat
illness in women compared with men in the armed forces.

To identify gender differences in heat tolerance in the
armed forces.

To identify genderspecific predisposing risk factors
associated with heat illness in the armed forces.

METHODS

Search strategy

This review utilised the preferred reporting items for
systematic review and meta-analysis (PRISMA) guide-
lines® to explore all literature published in English
from the inception of the different databases to 1 April
2019. Databases searched were MEDLINE, CINAHL,
PsycINFO, Emcare, Informit and Scopus. A preliminary
search was conducted in Medline, Emcare and CINAHL
to identify relevant keywords contained in the titles,
abstracts and subject descriptors. These search terms were
used to conduct the search in other databases without
subject headings. The search strategy used in Medline
is presented in online supplementary table 1. No review
protocol exists.

Eligibility criteria

Studies included in the review were assessed according
to the following inclusion criteria: peerreviewed liter-
ature comparing heat illness in women to men in the
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Figure 1

armed forces or reporting heat tolerance in women and
men of the armed forces. Exclusions included literature
discussing heat illness in other occupations, or studies
where data on heat illness in women could not be sepa-
rated from men or studies reporting heat illness in men
or literature reviews, conference abstracts and grey litera-
ture. In addition, other primary data sources were identi-
fied from the reference lists of the included studies using
a hand-search technique (figure 1).

Selection of studies and data extraction

FA and BM-A identified all included studies and data
extraction was performed using a standard abstraction
form. Data extracted from the studies included study loca-
tion and design, population, proportion and incidence of
heat illnesses, factors associated with heat illness and heat
tolerance, and heat tolerance in men and women. All
authors cross-checked the extracted data for consistency.

Preferred reporting items for systematic review and meta-analysis flow chart of the study selection protocol.

Quality assessment

Methodological quality assessment was assessed by FA in
consultation with MC using the modified quality assess-
ment tool for studies with diverse designs (QATSDD)
critical appraisal tool.** Any disagreement about any
article was reviewed by BM-A and AM-A and discussed
until consensus was reached. The QATSDD tool is a
16-item tool which assesses the quality of diverse studies
(both quantitative and qualitative).24 The tool was modi-
fied to exclude two items relating to qualitative studies
as well as two items relating to quantitative studies that
did not match the studies included in the review. The
items excluded comprised statistical assessment of the
reliability and validity of measurement tool(s) (quan-
titative only), fit between stated research question and
format and content of data collection tool for example,
interview schedule (qualitative), assessment of reliability
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of analytical process (qualitative only) and evidence of
user involvement in design. Each criterion in the modi-
fied QATSDD tool was awarded a score of 0-3 with O=not
at all, 1=very slightly, 2=moderatelyand 3=complete. The
scores of each criterion were summed to assess the meth-
odological quality of included studies with a maximum
score of 36. The criteria included were (1) theoretical
framework; (2) statement of aims/objectives; (3) descrip-
tion of research setting; (4) evidence of sample size; (5)
representative sample of target group of a reasonable
size, (6) description of procedure for data collection;
(7) rationale for choice of data collection tool(s); (8)
detailed recruitment data; (9) fit between research ques-
tion and method of data collection (quantitative only);
(10) fit between research question and method of anal-
ysis (quantitative only); (11) good justification for analyt-
ical method selected and (12) strengths and limitations.
For ease of interpretation, the scores were converted to
percentages and classified as low (<50%), medium (50%-—
80%) or high (>80%) quality of evidence.

Patient and public involvement
Patients and the public were not involved in the design or
planning of the study.

Data analysis and synthesis

In this review, the International Classification of Diseases
ICD 9 or ICD 10 diagnosis codes® * for the effects of heat
and light were used to classify heat illnesses. All included
studies utilised either the ICD 9 or ICD 10 codes to classify
heat illnesses depending on the year of publication. Heat
illnesses were categorised as heat stroke and other heat
illnesses. Heat stroke was defined using the ICD diagnosis
codes 992.0 (1CD 9) and T67.0 (ICD 10), while other
heat illnesses were defined as heat exhaustion (992.3-5,
T67 3-5) and unspecified effects of heat and light (992.9
and T67.9). In addition, some studies presented find-
ings for all heat illness without categorising them into

0.6
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0.4
0.3
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N

0.

Incidence rate per 1000 person years
=

o

heat stroke and other heat illnesses. These findings were
presented separately. Incidence rates and proportions
were extracted from the data reported in each study and
used for the analysis in this review. Due to the hetero-
geneity of the included studies, a meta-analysis was not
conducted.

RESULTS

An initial search identified 3816 papers. After removing
duplicates, screening titles and abstracts, 47 papers
remained for full-text review with 24 included in the
systematic review (figure 1). Twenty-two of the reviewed
articles originated from the USA, while the other two
studies were conducted in the UK and Israel respec-
tively (see online supplementary table 2). All included
studies were conducted among armed forces personnel,
however, two studies included university staff and armed
forces personnel.27 * Twenty-one articles examined heat
illnesses and injuries in women and men. Seven of these
studies described all heatrelated illnesses in men and
women,?>™® while 13 studies included information on
heat stroke and other heat injuries in relation to both
genders.”™ Four studies identified genderspecific risk
factors associated with heat stroke,31 33549 and three
studies compared heat tolerance in men and women.'? 2728

Incidence of heat stroke in women compared with men in the
armed forces

Thirteen studies conducted among US army personnel
compared the incidence of heat stroke between men and
women.”™™ The incidence of heat stroke among females
ranged from 0.10 to 0.26 per 1000 person-years. Among
males, the incidence of heat stroke ranged from 0.22 to
0.48 per 1000 person-years (figure 2). Between 2015 and
2018, the incidence of heat stroke increased steadily for
both men and women.

B Women

m Men

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year of study
Figure 2 The incidence rate of exertional heat stroke between men and women in the armed forces from 2006 to 2018.
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Figure 3
men and women in the armed forces from 2006 to 2018.

Incidence of other heat illnesses in women compared with
men in the armed forces

The incidence of other heat illnesses was reported by 13
studies conducted by the US army.”** The incidence
of other heat illnesses in women ranged from 1.30 to
2.89 per 1000 person-years. In men, the incidence rate
of other heat illness ranged from 0.98 to 1.98 per 1000
person-years (figure 3).

Incidence and prevalence of all heat illnesses in women
compared with men

Table 1 shows the proportions and incidences of all heat-
related illness in men and women in the armed forces.
Five studies reported higher incidences and proportions
of all heat illness in men compared with women,* ?! #3455
while two studies reported higher incidences of all heat
illness in women.™ %’

Gender-specific risk factors for heat illness

Three studies identified the genderspecific risk factors
that were associated with heat illness (table 2).*' % Two
of the studies compared the risk of heat illness between
males and females while one study identified risk factors
within each gender. In the two studies that compared the
risk of heat illness by gender, females had a greater risk
of experiencing heat illness (OR 1.5, 95%CI 1.4 to 1.7
and incidence density ratio 1.21, 95% CI 1.09 to 1.40)
compared with males.?! * Within gender, males with body
mass index (BMI) of 226 kgm’2 had a greater risk of expe-
riencing heat illness compared with males with BMI <22
kgm ™ (OR 2.10,95% CI 1.59 to 2.78).* In addition, males
with run times of 212.9min had almost six times the risk
of exertional heat illness compared with males with run
times of <10.3min (OR 5.61, 95% CI 1.92 to 6.85). While
females with run times of 26.9 min had five times the risk

Incidence rate of other heat ilinesses (including heat exhaustion and unspecified effects of heat and light) between

of exertional heat illness compared with females with run
times of <5.8 min (OR 5.30, 95% CI 1.59 to 17.64)."

Heat tolerance in women and men

Three studies compared heat tolerance classifica-
tion in males and females using the Heat Tolerance
Test (HTT) developed by the Israeli Defence Force
(table 3)." 7 * Druyan e al investigated gender differ-
ences in Israeli Defence Force personnel who had
sustained heat injury. The study reported that 67% of
the women were found to be heat intolerant compared
with 26% of their male counterparts.'” In the studies
conducted by Lisman et al and Kazman el al the study
population comprised of participants from the university
and military communities who had either no heat illness
or a previous history of heat illness. Both studies reported
that a greater proportion of women were classified as heat
intolerant compared with men (42% vs 27% and 45% vs
18%, respectively) .2’ %

Assessment of methodological quality

The QATSDD scores ranged from 22.2% to 94.4% (see
online supplementary table 3). Only six studies scored
above 50% and included details about recruitment,
data analysis, strengths and limitations of the research.
The other studies had lower scores because they lacked
detailed justification for the analytical methods, data
collection, analysis, strengths and limitations. However,
results of the methodological assessment should be inter-
preted with caution. Although the tool assesses method-
ological quality, it is more likely to be dependent on how
the paper was written. In this review, 70% of the studies
included were military reports on heatrelated illnesses
in the Armed Forces. These reports were published in a
peerreviewed journal and were retrospective analyses of
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Table 2 Gender-specific risk factors associated with heat illness

Study design
Reference, year Country and duration Study population Risk factors OR or IDR (95% Cl)
Army Medical USA Case-control  US Army Female 1.5(1.4t01.7)
Surveillance 1998-2001 5021 cases and 10042
Activity, 2002°" (3 years) controls
Carter et al, USA Cross-sectional US Army Female 1.21 (1.09 to 1.40)
2005*

1980-2002 5246 cases of heat illness;

(22 years) 4521 males and 725

females

Wallace et al, USA Case—control  US Marine Corps BMI >26 kg/m? (males) 2.10 (1.59 t0 2.78)
2006*°

1988-1996 Male (627 cases and 1679 Run time >12.9min (males) 5.61 (3.73 to 8.45)

(8 years) controls)

Female (49 cases and 123

controls)

Run time >6.9min (females) 5.30 (1.59 to 17.64)

BMI, body mass index; IDR, incidence density ratio.

data collected by Defence Medical Surveillance Systems.
These studies may not have reported details about data
collection, strengths and limitations, but they presented
valid information on heatrelated illness.

DISCUSSION

The findings of this systematic review suggest that men
have a slightly higher incidence of heat stroke compared
with women. By contrast, women report a slightly higher
incidence of other heat illness compared with men. In
addition, among studies that reported all heat illnesses
(where heat stroke and other heat illnesses have been
combined), there was a higher rate of all heat illnesses in
men compared with women as evidenced by the outcomes
reported in five of the seven studies. However, women had
a greater risk of experiencing exertional heat illness and
were more likely to be heatintolerant compared with men.
Other gender-specific risk factors were longer run times
for both men and women, while higher BMI was associ-
ated with exertional heat illness for men only. However,
the association between these factors and exertional heat

illness is weak given the small number of articles that inves-
tigated the relationship. Furthermore, despite the higher
proportion of heat intolerance reported among women,
this finding should be interpreted with caution given the
small sample size for females in the included studies and
the differences in occupations of the women in the three
studies. One study included women in the armed forces
with a previous history of heat stroke,'? while the other
two studies recruited women from the general popula-
tion as well as military members with either no history or
a previous history of heat stroke.?” %

Incidence and prevalence of exertional heat illnesses in
women compared with men

In this review, women had a lower incidence of heat
stroke, but a slightly higher incidence of other heat illness
compared with men. The reported lower incidence of
heat stroke/higher incidence of other heat illness in
women compared with men could be because women
in the military in the USA were excluded from combat
positions until 2013 when the ban was lifted.*” Evidence
in the literature suggests that service members who were

Table 3 Heat tolerance in women and men

Heat in tolerance rate

Study design and
Reference, year Country duration Study population Women (%) Men (%)
Druyan et al, 201 pie Israel Retrospective cross- 170 males and nine females 66.67 25.79
sectional 2008-2010
(2 years)
Lisman et al, 2014%" USA Analytical cross-sectional  Military and university community 42 27
(duration not stated) members;
34 males and 12 females
Kazman et al, 201528  USA Analytical cross-sectional Military and university community 45 18
(duration not stated) members;
55 males and 20 females
Alele F, et al. BMJ Open 2020;10:6031825. doi:10.1136/bmjopen-2019-031825 7



engaged in roles such as infantry or gun crew had an
increased risk of heat illness, possibly reflecting a greater
risk of heat illness for those in combat roles.” Further-
more, during military training exercises, men may have
comparatively tolerated working in the heat beyond
the endurance limits.”* This finding was re-echoed in
a previous systematic review that men in the general
population had a higher rate of all types of heat illnesses
compared with women.?' Although the incidence of heat
stroke was lower in women compared with men in this
review, the incidence of heat stroke among women has
increased over the past 4years. This implies that as more
women engage in specialised military roles, their risk of
exertional heat illness increases.

Gender-specific risk factors for heat iliness

Despite the lower incidence of heat stroke, women had
a greater risk of exertional heat illnesses compared with
men.” * In addition one study attempted to investigate
intragender risk factors for exertional heat illness.*
The slower run time duration was associated with exer-
tional heat illness among males and females, respec-
tively, while higher BMI was identified as a risk factor
among males only.*” The higher risk of exertional heat
illnesses in women may likely be due to differences
in physiological and physical characteristics between
men and women.” Physiological characteristics such as
hormones, the use of contraceptive pills and lower evap-
orative heat loss may make women more susceptible to
heat illness."" ' However, conflicting evidence suggests
that in highly trained women, exercise performance and
heat loss is not affected by the menstrual cycle phase but
is impaired in humid conditions.”" In addition, physical
characteristics such as lower aerobic fitness is a predictor
of exertional heat illness.”” Generally, women have lower
aerobic fitness levels and lower overall work capacity
which may contribute to the increased risk of exertional
heat illness.”’ Individuals with low aerobic fitness levels
are likely to exert themselves beyond their physical limit
and are at increased risk of heat illness.”® Other intra-
gender risk factors that were identified were longer run
time duration and higher BML* Evidence suggests that
slower run time duration which may be a reflection of
lower aerobic fitness and higher BMI increases the risk
of heat illness.” ™ However, the evidence is limited given
that this was reported by only one study.*’

Heat tolerance in women and men

The risk of heat illness is dependent on thermal toler-
ance.” To determine the recovery and return to duty for
HTT is conducted for members of the armed forces after
a heat stroke event.'"® The test criteria define heat intol-
erance as peak rectal temperature >38.5°C, peak heart
rate >150bpm or the inability of these values to reach
a plateau.'” ' Although, in the three studies, a higher
proportion of women were classified as heat intolerant,
this evidence should be interpreted with caution given
that the female populations included in each study

varied with respect to heat illness and occupations.12 2728

However, the studies acknowledged that gender differ-
ences in cardiorespiratory fitness, body fat percentage
and surface area to mass ratio may account for the higher
intolerance rates in women.'> > *® In addition, the three
studies reported using the Israeli Defence Force heat
tolerance test protocol and given that the test protocol
was developed using male participants, there may be a
need to re-evaluate the criteria for women to reduce false-
positive results.'? ?” ** Furthermore, incomplete recovery
and inaccurate determination of return to duty may nega-
tively affect military operations and may end the careers
of armed forces personnel.'* Therefore, it is important
to ensure that the heat tolerance test is valid and fair for
females if it is to be used to determine return to duty for
females in the armed forces.

Strengths and limitations

To the authors’ current knowledge, this is the first known
systematic review investigating gender differences in exer-
tional heat illness and heat tolerance in the armed forces.
In addition, we identified potential gender-specific risk
factors that are associated with exertional heat illness.
However, the heterogeneity in the study designs contrib-
uted to the variable methodological quality of the
included studies. Most of the articles in this review were
military reports and may not be considered of high meth-
odological quality when assessed using a formal critical
appraisal tool. Also, most of the included studies utilised
retrospective data as the data source with an increased
likelihood of incompleteness and inaccuracy. There is
a likelihood that misclassification bias could have been
introduced into the studies. Three studies that explored
the risk factors associated with heatrelated illness used
retrospective data.” *** The retrospective data may have
been misclassified or incomplete at the time of entry
and may have introduced misclassification bias into the
studies. This type of bias may underestimate or overesti-
mate the association between heatrelated illness and risk
factors. Although the gender-specific risk factors associ-
ated with heat illness were discussed, the review provided
limited evidence of these factors, given the few numbers
of studies that investigated the association. Furthermore,
we included only studies published in English language;
studies published in other languages were excluded.

Implication for policy and future research

This systematic review demonstrates that there is limited
research on exertional heat illness in women in the
armed forces. Although men had a higher incidence of
heat stroke, women had a higher incidence of other heat
illnesses. Further research is needed to establish if this
reflects physiological or behavioural differences. In addi-
tion, the limited and inconclusive evidence suggests that
more women were classified as heat intolerant compared
with men using the Israeli Defence Force heat tolerance
test protocol. The current criteria may be unfair to women
given that it was developed using male participants. More
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research is needed to determine the gender differences
in heat tolerance as well as to consider re-evaluating the
heat tolerance test protocol or the development of a new
protocol that considers gender-specific factors.'* Given
that the heat tolerance test was conducted in a laboratory
setting, more research is needed to replicate the findings
in field-based setting.

CONCLUSION

In conclusion, this review suggests that men had a slightly
higher incidence of heat stroke but women in the armed
forces may have a greater risk of exertional heat illness.
However, the current evidence is limited, and further
research is required to investigate the influence of gender
differences on heat tolerance and heat illness. In addi-
tion, further research is needed to evaluate the heat toler-
ance test protocol for women.
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