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Abstract

Background: Being overweight is a characteristic that may influence a person’s heat exchange.
Objectives: The purpose of this study was to assess the effect of body weight on heat strain indices in hot and dry climatic conditions.
Materials and Methods: This study was completed with a sample of 30 participants with normal weights, as well as 25 participants who 
were overweight. The participants were physically inactive for a period of 120 minutes in a climatic chamber with hot and dry conditions 
(22 - 32°C and with 40% relative humidity (RH)). The physiological strain index (PSI) and heat strain score index (HSSI) questionnaires were 
used. Simultaneous measurements were completed during heat exposure for periods of five minutes. The resting periods acted as the 
initial measurements for 15 minutes.
Results: In both groups, oral temperature, heart rate, and thermal perceptual responses increased during heat exposure. The means and 
standard deviations of heart rate and oral temperature were gathered when participants were in hot and dry climatic conditions and were 
not physically active. The heart rates and oral temperatures were 79.21 ± 5.93 bpm and 36.70 ± 0.45°C, respectively, for those with normal 
weights. For overweight individuals, the measurements for heart rate and oral temperature reached 82.21 ± 8.9 bpm and 37.84 ± 0.37°C, 
respectively.
Conclusions: The results showed that, compared to participants with normal weights, physiological and thermal perceptual responses 
were higher in overweight participants. Therefore, overweight individuals should avoid hot/dry weather conditions to decrease the 
amount of heat strain.
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1. Background
One of the consequences of heat exposure in the work-

place is heat strain. There are several factors affecting heat 
strain, such as dry temperatures, wet bulb temperature, 
radiant temperature, metabolic rate, age, gender, BMI, and 
clothing type (1-4). The onset of heat stress in a human can 
reduce productivity and lead to heat exhaustion. There-
fore, it is essential to evaluate the amount of heat-induced 
physiological strain that a person can tolerate during dif-
ferent activities (5, 6). Physiological research has identi-
fied personal factors associated with the degree to which 
an individual is susceptible to heat stress, including age, 
gender, race, physical fitness, obesity, hydration, medica-
tion, personal acclimatization capacity, clothing type, as 
well as whether or not an individual smokes (7, 8). Those 
who are obese commonly experience heat-related illnesses 
(HRIs). BMI is a useful factor for determining obesity (9). 
The PSI was developed to evaluate heat and physiological 
strain by measuring heart rate (HR) and core body temper-
ature (10). The HSSI, established and evaluated by Dehghan 
et al. is an index that evaluates emotional and perceptual 
variables using questionnaire. This index has been used to 

assess heat strain in Iranian women and men in hot work 
environments (11). The HSSI index includes variable, obser-
vational, and subjective questions related to heat stress, in-
cluding thermal and humidity sensations (12), intensity of 
sweating (3, 13), the degree of impact from heat (14), physi-
cal dimensions of the workspace (15), exposure of the face 
to heat, surrounding surface temperature, air movement, 
and other factors that influence heat strain.

2. Objectives
The purpose of this study was to assess the effect of body 

weight on heat strain indices in hot/dry climatic conditions.

3. Materials and Methods

3.1. Subjects
The participants were classified into two groups based 

on BMI: 30 participants with normal weights (BMI of 20-
25 kg/m-2) and 25 overweight participants (BMI of 25.1-30 
kg/m-2) (16, 17). No-participants experienced medical issues 
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six months prior to the study. The subjects were informed 
of the nature of the study and the potential risks of exercis-
ing in a hot climate. The participants were asked to signa 
volunteer consent form. Based on the recommendations of 
an attending physician, the study was stopped at any time.

3.2. Protocol
The study was conducted in a climatic chamber (4.5 

meter in length, 3.5 meter wide and 3 meter high) at the 
Department of Occupational Health Engineering at Isfa-
han University of Medical Sciences in Isfahan, Iran. All of 
the subjects wore the same clothing (shirts, pants, and 
socks). The details of the materials used in clothing for 
Iranian men, including the weights of individual gar-
ments, fabric composition, and body surface area cover-
age, are presented in Table 1.

3.3. Environmental Conditions
The subjects exercised in a hot, dry climate (between 22 

and 32°C and 40% RH) for 120 minutes. After 15 minutes of 
rest on a bed outside the climate chamber, the subjects 
returned to the chamber and were physically inactive 
(seated). 

3.4. Measurements
During periods of rests and heat exposure, heart rate 

and oral temperature were monitored and recorded at 5 
minutes intervals (these measurements were made every 
five minutes). Heart rate was measured using a Polar heart 
rate monitor (Polar Electro RS100, Finland) (3). Oral tem-
perature was measure dusinga medical digital thermom-

eter (Digital Thermometer, Omron). The wet bulb globe 
temperature (WBGT) index was also measured (18) during 
periods of rest and exposure using ahead stress monitor 
(Micro herm WBGT, Casella, United Kingdom). The heights 
(meters) and weights (kilograms) of the participants were 
recorded and converted into BMI values (kg/m-2).

The ratings from the HSSI were gathered using ques-
tionnaire-validated scales that the participants complet-
ed at 5 minutes intervals during periods of rest and heat 
exposure (the periods of exposure last for five minutes). 
This process was used to measure several physiological 
parameters simultaneously. As a measure of physiologi-
cal strain, coincident oral temperature and heart rate 
measurements were used to create the PSI (9). In this 
study, oral temperature was calculated to represent core 
body temperature (Trek), as rectal temperature measure-
ment was not possible (11). 

3.5. Statistical Analysis
With the use of SPSS16, the data were analyzed using 

descriptive statistics and a one-way analysis of variance 
(ANOVA). Heat radiation was not present in the climatic 
chamber. Prior to beginning this study, approval was ob-
tained from the Medical Ethics Committee of Isfahan Uni-
versity of Medical Sciences. All procedures were in agree-
ment with the Helsinki declaration.

4. Results
The subjects of this study were 55 healthy adult males. 

The demographic and physiological characteristics 
of the subjects, including Mean ± SD, are presented in 
Table 2.

Table 1. Characteristics of Iranian Men’s Clothing Used in the Studya

Clothing Ensembles Body Surface 
Area Coverage

Weight, 
gr/m2

The Density of Warp 
Yarns, cm-1

The Density of Weft 
Yarns, cm-1

Insulation Values
Clothing Insulation M2° CW-1

Islamic summer clothing 223.15 31 24 0.80 0.123
Pants 45
Shirts 61
Socks 7

aFiber Contents: 13.7% viscose, 86.3% cotton.

Table 2. Demographic and Physiological Characteristics of the Subjects (n = 55)a

Demographic and Physiological Characteristics Normal Weight (n = 30) Overweight (n = 25)
Age, y 23.34 ± 1.6 25.66 ± 1.39
Height, m 1.74 ± 5.61 1.75 ± 5.61
Weight, kg 63.34 ± 8.34 82.01 ± 6.09
Waist size, cm 78.50 ± 5.99 94.86 ± 6.43
BMI, kg/m-2 20.70 ± 2.52 26.570 ± 0.95
Heart rate, bpm

Resting 73.38 ± 9.74 75.98 ± 11.38
Seated 79.21 ± 5.93 82.21 ± 8.9

Oral temperature, °C
Resting 36.92 ± 0.35 36.71 ± 0.41
Seated 36.70 ± 0.45 37.84 ± 0.37

aValues are expressed as mean ± SD.
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The oral temperature ranged from 0.3 to 0.7°C lower 
than core body temperature, averaging at around 0.5°C. 
national institute of occupational safety and health 
(NIOSH ) and the world health organization (WHO) 
recommend that core body temperature remain below 
38°C (9).

The relationship between the WBGT index and HR was 
evaluated during periods of limited physical activity last-
ing 120 minutes in the normal weight and overweight 
groups. During periods of limited physical activity in 
hot conditions, the heart rates in the overweight group 
were similar to those of the normal weight group in 
low temperatures prior to heat exposure. The heart 
rates increased gradually over the last 120 minutes in 
both groups. However, compared to those with normal 
weights, the heart rates of the overweight participants 
were higher (Figure 1).

In terms of the relationship between the WBGT index 
and the PSI during periods of low physical exertion for 
120 minutes, increases in the PSI were greater in partici-
pants who were overweight compared to those with nor-
mal weights (Figure 2).

According to the relationship between the WBGT index 
and oral temperature, increases in oral temperature were 
higher in overweight participants compared to those 
with normal weights. This portion of the experiment in-
cluded periods of low physical exertion for 120 minutes 
(Figure 3).

When evaluating the relationship between the WBGT in-
dex and the HSSI, the results show that the increase in the 
HSSI was greater in the overweight group in comparison 
to the normal weight group (Figure 4).This evaluation 
was completed during a period of low physical activity 
for 120 minutes.

20

15

10

5

0

In
cr

ea
se

 H
ea

rt
 R

at
e (

bp
m

)

y = 1.880x - 45.49
R2 = 0.667

y = 0.953x - 21.06
R2 = 0.313

24 26 28 30 32 34

Wet Bulb Globe Temperature (˚C)

BMI < 25 BMI > 25

Figure 1. A scatter Plot Showing The Relationship Between the WBGT In-
dex and Heart Rates in The Normal Weight and Overweight Groups
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Figure 2. A scatter Plot Showing The Relationship Between The WBGT In-
dex and The PSI in Normal Weight and Overweight Groups
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5. Discussion
Obesity is often associated with poor heat tolerance. 

Therefore, the main aim of this study was to measure the 
effect of being overweight on heat strain indices in hot 
and dry climates. The study used analytical indices (the 
PSI), empirical indices (WBGT index), and thermal per-
ceptual indices (HSSI) (11, 19, 20). When the environmen-
tal temperature was above physiological responses, the 
subjects absorbed heat from the environment and relied 
entirely on perspiration for heat loss (21). In many stud-
ies, age and BMI are considered heat stress risk factors 
(22, 23). Dehghan et al. (15) conducted a cross-sectional 
study comparing cardiac strain among workers in the 
Persian Gulf with normal weights and those who were 
overweight. The study, the authors reported that the av-
erage resting heart rates and working heart rates of over-
weight individuals were significantly higher than the 
heart rates of individuals with normal weights (15). The 
results showed that, no significant difference in mean 
heart rate, oral temperature, and HSSI levels between the 
normal weight group and the overweight group. These 
rates were measured during periods of low physical exer-
tion in climatic conditions (The study was conducted in a 
climatic chamber (4.5 meters in length, 3.5 meters wide, 
and 3 meters high) at the department of occupational 
health engineering at Isfahan University of Medical Sci-
ences in Isfahan, Iran), both of which may influence the 
results. 

In a study conducted by Donoghue et al. (24) on the 
risks of heat exhaustion, heat exhaustion experienced 
by individuals with high BMIs (32-36.99 kg/m-2) was 3.63 
compared to heat exhaustion in individuals with BMIs 
lower than 27 kg/m-2. These finding indicates that individ-
uals with a higher BMI are at greater risk for heat stroke. 
Figure 1 shows that, as BMI increases, heart rate also in-
creases. 

Yazdanirad et al. (25) completed a study on the heart 
rates of overweight individuals in hot weather when en-
gaging in light to moderate exercise under controlled 
conditions. In this study, the authors reported that the 
mean heart rate was higher in participants who were 
overweight. The results of our study revealed that, during 
a period of low physical exertion, the mean heart rate was 
higher in participants who were overweight than those 
with normal weight.

Tuomaala et al. (26) studied the effects of individual 
characteristics and BMI on ratings of thermal sensation 
(RTS) using predicted mean vote (PMV). The authors did 
not identify a correlation between thermal sensation and 
BMI < 25. These results are consistent with the findings of 
the present study.

Michael Gallagher et al. (27) used the perceptual hyper-
thermia index to study heat strain when participants 
exercised using treadmill. In this study, the authors re-
ported that core body temperature, heart rate, rate of 
perceived exertion (RPE), and increases in thermal sensa-

tion were greater in participants with mean BMIs of 30.1 
± 5.4 compared to participants with mean BMIs of 25.1 ± 
4.0 (the results of our study showed that the emotional 
and perceptual variables of the HSSI index, which includ-
ed the main parameters (such as thermal sensation and 
rate of physical exertion) of heat strain, core body tem-
perature, and HR during exposure to heat stress, were 
higher in overweight participants when they were seat-
ed. At lower temperatures, the heart rates had minimal 
influences on other physiological variables. However, at 
higher temperatures, overweight subjects experienced 
higher heart rates because of heat transfer and greater 
blood flow restriction. Therefore, compared to subjects 
with normal weights, the risk of heat strain is greater in 
overweight subjects. 

The results indicated that physiological and thermal 
perceptual responses to heat strain were higher in over-
weight participants. To decrease heat strain, overweight 
individuals should avoid hot and dry weather conditions.
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