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Research Paper
The Cognitive and Physiologic Effects of Occupational 
Heat Exposure on Operational Field Workers: An 
Exploratory Study

Background: Exposure to heat stress is considered one of the most prevalent occupational 
hazards affecting performance. This study was conducted to investigate heat stress and its impact 
on the physiological and cognitive functions of operational field workers at a power plant.

Methods: This study was conducted on 150 male power plant personnel with 41.34±2.91 years 
(conducted in the summer of 2023). Physiological parameters were measured, and the assessment 
of heat stress (based on the Wet Bulb Globe Temperature (WBGT) index) and environmental 
monitoring were performed according to International Organization for Standardization (ISO) 
7243 standards. Also, cognitive performance was investigated using the continuous performance 
test (CPT).

Results: Based on the results, individuals were exposed to heat stress conditions, and the mean 
WBGT index at the workstations was reported as 31.50±0.31 (above the standard limit). It was 
observed that all physiological indices in the exposed group increased significantly compared to 
the controls (P<0.05). The mean commission and omission errors showed a significant difference 
between the non-exposure and exposure groups. Also, the reaction time in the presence of 
occupational heat differed significantly from the mean reaction time in the absence of exposure 
(P<0.05). 

Conclusion: Based on the results and considering the importance of the power generation 
industry, the exposure of employees to heat stress and the subsequent physiological and cognitive 
performance disorders can have significant implications for health and safety outcomes. Therefore, 
attention to occupational exposures, the functional status of employees, and influencing factors 
are necessary as part of control and management strategies. 

Keywords: Heat stress, Occupational exposure, Cognitive, Physiologic effect, Worker

A B S T R A C T

Citation Mousavi Z, Ehsani H, Elahi H, Etemadinezhad S, Hossein Nataj A, Samaei SE. The Cognitive and Physiologic 
Effects of Occupational Heat Exposure on Operational Field Workers: An Exploratory Study. Journal of Research & Health. 
2025; 15(3):311-318. http://dx.doi.org/10.32598/JRH.15.3.2433.1

 http://dx.doi.org/10.32598/JRH.15.3.2433.1

Use your device to scan 
and read the article online

Article info:
Received: 18 Feb 2024
Accepted: 09 Jul 2024
Publish: 01 May 2025

Copyright © 2025 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

http://jrh.gmu.ac.ir
https://orcid.org/0009-0002-2544-8322
https://orcid.org/0009-0001-6230-7994
https://orcid.org/0009-0001-7958-1711
https://orcid.org/0000-0003-3412-5955
https://orcid.org/0000-0003-0549-1788
https://orcid.org/0000-0002-3152-7062
mailto:samaeiehsan89@gmail.com
mailto:ehsan_samaei%40mazums.ac.ir?subject=
http://jrh.gmu.ac.ir/
http://dx.doi.org/10.32598/JRH.15.3.2433.1
https://crossmark.crossref.org/dialog/?doi=10.32598/JRH.15.3.2433.1
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


312

May & June 2025. Volume 15. Number 3

Introduction

n various work environments, especially in-
dustrial ones, workers are exposed to different 
occupational and environmental hazards, such 
as noise, heat stress, vibration, and radiation, 
which can potentially threaten human health, 

productivity, and performance [1, 2]. 

Dealing with adverse weather conditions, particularly 
regarding heat and humidity, is one of the most signifi-
cant and common occupational exposures, especially 
outdoor. Occupational exposure to heat can occur as a 
result of work processes or due to exposure to environ-
mental weather factors [3, 4]. A hot work environment 
not only decreases the body’s natural performance but 
can also trigger numerous physiological responses [4].

By creating comfortable thermal conditions, the best 
physiological performance of the body can be predicted. 
In this regard, deviating from comfortable thermal con-
ditions and experiencing thermal stress leads to physi-
ological changes in the human body, a state referred to as 
“heat strain“. Moreover, if the amount of heat received 
and generated exceeds the amount that the body can ex-
pel, the body’s internal temperature rises. This can af-
fect physiological functions, such as metabolism, body 
temperature, heart rate, and blood pressure, ultimately 
causing heat strain [5, 6]. 

Thermal stress in the workplace can directly or indi-
rectly affect cognitive performance and cause disorders 
and diseases. It also reduces working memory, informa-
tion storage, and processing, increases the rate of work 
errors, and ultimately leads to accidents. One of the neg-
ative impacts of heat stress on the workforce is a decline 
in work productivity [6, 7]. Dunne et al estimated that 
over the past decades, heat stress could reduce employ-
ees’ work capacity to 90% during the hottest working 
conditions [8]. From this perspective, there is a direct 
correlation between occupational heat exposure and 
health and safety hazards for workers, as numerous oc-
cupational studies have demonstrated a significant asso-
ciation between work-related injuries and occupational 
heat exposure [4, 9]. 

A person’s cognitive capabilities are altered by a com-
bination of various individual and occupational factors; 
however, the fundamental mechanism linking occupa-
tional heat exposure to cognitive dysfunction has not 
been definitively recognized. Thus, one of the potential 
cognitive effects of occupational heat exposure could 
be a lack of attention. This factor can reduce job perfor-

mance and create conditions for unsafe work behaviors 
by causing slow and incorrect responses in occupational 
situations [7, 10, 11].

Therefore, it is necessary to examine the conducted 
studies to better understand the cognitive dysfunction 
associated with heat exposure in order to reduce the ex-
tent of individual and organizational damages [11, 12]. 
In this context, some studies have reported a decline in 
cognitive performance related to heat exposure, while 
others have reported no effect, or even an improvement 
in cognitive performance under thermal stress [13, 14]. 
On the other hand, most studies on heat stress were con-
ducted indoors and in simulated environments, with few-
er studies taking place in outdoor occupational settings 
[15, 16]. A review of the results from both types of stud-
ies has yielded different findings. Upon examining the 
literature, it can be concluded that although numerous 
studies have demonstrated a relationship between cogni-
tive performance and occupational exposure to heat, the 
results are contradictory due to differences in the stud-
ies. Therefore, a systematic approach for evaluating the 
cognitive effects of heat stress has not been established 
[7]. For this reason, a better understanding of the cogni-
tive dysfunction associated with heat is needed to reduce 
the extent of damage related to heat exposure. Given 
the explanations provided, this study was conducted to 
investigate occupational heat stress and its effects on 
physiologic and cognitive performance in operational 
field workers. 

Methods

This study was conducted during the summer of 2023 
in the research environment of a power plant. The study 
included 150 power plant workers (75 operational field 
workers selected using a census method as the exposure 
group and 75 workers with the same occupational tasks 
as the non-exposure group). Two conditions were es-
tablished to investigate the effect of occupational heat 
exposure on the physiological and cognitive functions 
of operational personnel. The conditions for the expo-
sure group were such that only operational personnel 
who were exposed to occupational heat were examined 
(n=75), while the non-exposure was selected from the 
same occupational category without exposure (n=75). 
The relevant criteria for matching the two groups were 
examined with examined concerning occupational and 
demographic variables. Inclusion criteria included good 
general health, absence of systemic diseases, clinical dis-
orders or complaints of illness, and at least one year of 
operational experience. This information was collected 
by physical monitoring and medical records (occupa-
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tional medical examinations). Furthermore, participants 
were advised to have sufficient sleep the night before 
testing and to abstain from consuming tea, coffee, Nes-
cafe, chocolate, and any caffeinated beverages hours pri-
or to the test. For screening auditory and visual statuses, 
audiometry and the E chart were utilized. 

Measurement of physiological response

Physiological parameters were measured at two stages 
based on occupational exposure conditions according 
to International Organization for Standardization (ISO) 
9886-2001 [17]. In the first stage, before starting the 
work shift, physiological parameters, such as heart rate, 
core temperature (measured via tympanic membrane), 
and blood pressure were measured and their means were 
recorded as baseline data. In the second stage, partici-
pants were asked to return to their workplace and com-
mence their tasks. After working and being exposed to 
occupational heat for one hour, physiological parameters 
were measured again. The reason for considering a one-
hour post-exposure time was to eliminate the effects of 
fatigue on the measured responses. Prolonged exposure 
to a hot environment may lead to dehydration, which 
naturally could affect the body’s responses, especially 
cognitive functions. Measuring body responses one hour 
after exposure can help ensure the absence of fatigue and 
dehydration. In this research, the tympanic membrane 
temperature of the individuals’ right ears was measured 
using a digital thermometer, model FT70-Beurer (made 
in Germany), with an accuracy of ±0.2 degrees Celsius 
and a measurement range of 34 to 43 °C. Heart rate and 
blood pressure were measured using an Emsig digital 
sphygmomanometer, model BO26 (made in Taiwan). 
This device measures both blood pressure and heart rate 
by applying a cuff around the individual’s arm. 

Measurement of cognitive response 

The study used the continuous performance test (CPT) 
to assess cognitive performance at rest and during work. 
CPT is a valid test for assessing vigilance and alertness 
by detecting impairments in sustained attention perfor-
mance. In this test, 150 numbers appear at certain inter-
vals, and one stimulus is designated as the target. Par-
ticipants should press the corresponding key as quickly 
as possible when they see the designated numbers. After 
completing the measurements in a resting state, individ-
uals were instructed to return to their workstations and 
begin their tasks. Cognitive performance was measured 
again after one hour of working in a hot environment. 
The variables assessed in this study included omission 
error, commission error, and reaction time (in millisec-

onds) [12]. External reliability of this test was obtained 
for a healthy sample, with an intergroup correlation coef-
ficient of 0.89 [17].

Time-weighted Average of Wet Bulb Globe Tem-
perature (WBGT) Index

To calculate the eight-hour average WBGT index and 
compare it with the standard, environmental variable 
measurements were conducted [12]. Seventy measure-
ment stations were set up near workers to record envi-
ronmental variables at rest and during work, along with 
physiological and cognitive performance parameters. 
The environmental variables were measured using a 
digital WBGT meter and a rotating hygrometer, both 
manufactured by Casella. Additionally, to assess the air-
flow velocity, a silver-coated kata thermometer with a 
kata factor of 420 and a cooling strip range of 52-55 °C 
was employed. This instrument is designed for measur-
ing airflow velocity in hot environments. Based on the 
ISO 7243 standard, measurements were taken only at the 
waist level of workers (1.1 m) since their work environ-
ment was thermally homogeneous during the pre-test. 
The WBGT index was calculated using the following 
equation. The calculation considered that workers were 
wearing standard work clothes and overalls while work-
ing. After estimating the WBGT index, a correction co-
efficient equivalent to 0.6 clo was applied for standard 
work clothes, and a correction coefficient equivalent to 1 
clo was applied for overalls (Equation 1). 

1.

For the calculation of the time-weighted average of the 
WBGT index, the Equation 2 was utilized:

2. 

In this equation, WBGTn represents the wet bulb globe 
temperature index at different hours of the work shift, 
and Tn represents the duration of each measurement.

Consideration

In this research, the clothing insulation value (clo) was 
estimated based on ISO 9920, and the metabolic rate of 
individuals during the work shift was determined us-
ing the standard ISO 8996 table [12]. Subsequently, the 
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mean working metabolism over the work shift for each 
individual was calculated using the Equation 3:

3. 

In this equation, Mi represents the metabolic rate of 
each activity, Ti is the duration of each activity, and T is 
the total duration of work in a work shift. To eliminate 
the effects of shift work on the results related to physi-
ological functions, cognitive performance, and work 
capacity, individuals with a fixed work shift (07:00 to 
17:00) were examined. Additionally, the day before 
measurements, participants were reminded of the study’s 
purpose and the importance of adhering to guidelines, 
such as adequate rest at night. During the measurement, 
efforts were made to ensure that individuals were placed 
under similar conditions, and care was taken to ensure 
that the subjects were not affected by fatigue or dehydra-
tion during the measurements.

Statistical analysis

Before data collection, careful matching between the 
exposed and non-exposed groups was conducted by 
considering the demographic characteristics to ensure an 
appropriate comparison. After data collection, the data 
were analyzed using SPSS software, version 18. Statis-
tical parameters were used to present the demographic 
characteristics of the participants and study variables. 
The Kolmogorov-Smirnov test was employed to assess 
the normality of variables. The paired samples t-test was 
utilized to compare the results. Moreover, a significance 
level of <0.05 was considered. 

Results 

The mean age of participants was 41.34±2.91 years. 
Additionally, the mean body mass index (BMI) and 
work experience were reported as 25.09±1.08 and 
11.57±2.94, respectively. Environmental monitoring and 
the recording of WBGT at 70 workstations are presented 
in Table 1. Accordingly, individuals’ occupational expo-

sure places them in a condition of heat stress, with the 
average WBGT index at workstations determined to be 
31.50±0.31. 

Table 2 depicts the physiological variables measured 
among participant groups in the study. Based on these 
measurements, all physiological indices of the exposure 
group significantly increased in comparison to the con-
trol group (P<0.05).

Based on Table 3, the mean commission error and omis-
sion error showed a significant difference between the 
control and exposure groups, with the mean of this factor 
being lower in the control group. Additionally, exposure 
to occupational heat stress resulted in significantly dif-
ferent reaction times compared to non-exposure condi-
tions (P<0.05). On the other hand, the number of correct 
responses was also affected by heat exposure, showing a 
marked decrease. In this study, regression analyses were 
used to compare groups in terms of physiological func-
tions, psychological performance, and work capacity in-
dex, while controlling for confounding factors. 

Discussion 

Given the numerous changes in technology and work-
place processes, the execution of tasks by operators in 
major industries (including oil and gas, petrochemicals, 
nuclear industries, and power plants) is heavily depen-
dent on the physiological and cognitive performance of 
these employees. Capabilities such as comprehension, 
analysis, and responsiveness are essential for achieving 
desired outcomes and mitigating human errors [18]. 

According to the results, there was a significant corre-
lation between occupational heat exposure and changes 
in blood pressure levels. The systolic and diastolic blood 
pressure of individuals exposed to heat stress was higher 
than that of those not exposed. In this context, Gaoua et 
al. conducted a study to investigate the impact of heat 
exposure on blood pressure. They found that there is a 
direct and significant correlation between heat exposure 
and systolic blood pressure [19]. Similarly, the study by 

Table 1. Measurement values of exposure to harmful factors in the work environment

Variable No Exposure Heat Exposure

WBGT

Minimum 23.08 30.48

Maximum 24.01 31.40

Mean 23.54±0.31 31.50±0.29
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Binder et al. also confirmed the increase in mean sys-
tolic blood pressure under heat stress conditions [20]. 
Research has shown that during exposure to heat stress, 
peripheral vascular resistance decreases and blood vol-
ume shifts from central body regions to peripheral areas 
to facilitate heat exchange. 

The current study’s findings indicate that as heat stress 
rises, individuals’ heart rate also increases significantly. 
These results support the previous findings of Iguchi et 
al., further strengthening the connection between heat 
stress and cardiovascular condition [21]. Additionally, 
Zamanian et al. conducted a study on the connection 
between heat indices and specific physiological param-
eters. Their findings revealed a direct correlation be-
tween heat indices and heart rate, indicating that higher 
heat stress levels result in an increased heart rate [22]. 
When the body is exposed to heat, the thermoregulatory 
center located in the hypothalamus becomes active. This 
activation triggers various heat release mechanisms, 
including sweat glands, endocrine glands, the cardio-
vascular system, and blood vessels. These mechanisms 
work together to regulate heat production and dissipa-
tion in the body [23]. The blood flow to the skin surface 
increases in response to heat. This increased blood flow 
helps dissipate the heat through thermal exchanges. As 

a result, there is an accompanying rise in cardiac out-
put, leading to an increased heart rate [24]. The results 
of the study revealed a significant difference in the mean 
core temperature among the groups. Heat stress had a 
pronounced impact on altering the core temperature of 
employees who were exposed to it. Dehghan et al. con-
ducted a study to explore the integration of the WBGT 
index with physiological cardiac indices in hot weather 
conditions. They measured the ear core temperature and 
found that exposure to heat in the workplace led to an 
increase in core temperature [25]. Heat stress induces an 
increase in sympathetic nerve activity and raises the tem-
perature of the tympanic membrane. Furthermore, heat 
exposure leads to increased levels of noradrenaline (NA) 
and arginine vasopressin (AVP), which consequently re-
sult in elevated skin blood flow and heart rate [25, 26]. 

Based on the results obtained from cognitive function 
tests, a difference in outcomes before and after exposure 
to occupational heat was reported, with commission er-
rors, omission errors, and mean reaction time signifi-
cantly increasing as a result of heat exposure. Further-
more, studies by Zamanian et al. and Amiri et al., which 
examined the impact of temperature on memory, con-
cluded that heat exposure weakens data storage capacity 
and reduces the ability to retain information compared 

Table 2. Information and comparison of physiological factors in groups

Variables
Mean±SD

P+

No Exposure (n=75) Heat Exposure (n=75)

Systolic pressure 118.09±8.98 122.66±8.88 <0.001

Diastolic pressure 79.09±5.97 83.80±7.38 <0.001

Heart rate 69.91±4.22 72.29±3.6 <0.001

Core temperature 36.25±0.39 36.50±0.68 0.014

+Paired samples t-test.

Table 3. Information and comparison of CPT factors in groups

Variable
Mean±SD

P
Control Heat Exposure

CPT

Commission error 0.17±0.38 0.51±0.82 <0.001

Omission error 0.14±0.36 0.26±0.51 <0.001

Correct answer 149.69±0.47 137.23±1.08 <0.001

Reaction time 505.77±43.48 527.91±33.66 0.032

+Paired sample t-test
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to comfortable thermal conditions [22, 27]. Karami et 
al. also reported a significant statistical relationship be-
tween the WBGT index and the omission error variable 
[28]. On the other hand, Hemmatjo et al. demonstrated 
that improving heat stress conditions and adopting cool-
ing strategies in the firefighter occupational group could 
enhance reaction time and the number of correct re-
sponses (accuracy) [29]. In relation to heat stress, Qian 
et al. found that blood flow increases to the brainstem, 
consequently leading to an extended reaction time [5]. 
Patterson et al. discovered that under heat stress condi-
tions, workers’ reaction time varies based on task com-
plexity. Furthermore, as the temperature rises from 21°C 
to 35 °C, reaction time also increases [30].

 Despite thermal pressure, the human brain utilizes 
neural resources to safeguard cognitive and mental func-
tioning when confronted with heat stress conditions. 
However, with increased exposure and the occurrence 
of hyperthermia, the performance of complex tasks may 
become impaired, and cognitive functions may decline. 
Individuals who perform important tasks based on motor 
accuracy, such as surgical procedures, are highly suscep-
tible to the effects of heat exposure. In such circumstanc-
es, being exposed to moderate heat can significantly 
reduce an individual’s cognitive performance [31, 32]. 
Furthermore, it should be noted that as the complexity of 
tasks increases, a higher level of individual performance 
is required, and consequently, higher levels of cognitive 
functioning are necessary. In such situations, the impact 
of factors on individuals’ cognitive performance should 
be considered, as heat stress can act as a significant en-
vironmental risk factor that may negatively affect a wide 
range of cognitive functions, from attention-related tasks 
to more complex psychomotor functions [33, 34]. 

This study, similar to others, had both advantages and 
limitations. One notable advantage of this study was that 
it was conducted in real workplace conditions, unlike 
previous studies that used simulated environments. This 
aspect is advantageous as it allows the results to be di-
rectly applicable in real occupational settings. However, 
a limitation of this study was the challenge of conducting 
research in actual workplace conditions. In industrial en-
vironments, various intervening factors, such as harmful 
occupational factors and psychosocial factors can influ-
ence the study’s outcomes. To address these limitations, 
it is recommended to consider combining multiple fac-
tors to enhance the study’s validity. 

Conclusion

The physiological responses of individuals exposed to 
occupational heat undergo significant alterations. Addi-
tionally, cognitive aspects studied, such as the number 
of correct responses, the number of errors, mean reac-
tion time, accuracy (percentage of correct responses), 
and mean response time, experience significant changes 
when exposed to heat. Given the importance of the pow-
er generation industry and the exposure of its employees 
to harmful factors, the disruption of physiological and 
cognitive functions can have great significance in terms 
of health and safety consequences. Therefore, attention 
to occupational exposures, the functional status of em-
ployees, and factors influencing them is essential. Con-
sequently, the findings of this research can be useful and 
practical for safety and health managers. 
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