[Downloaded free from http://www.ijpvmjournal.net on Saturday, August 22, 2015, IP: 176.102.233.85]

@ International Journal of Preventive Medicine

Original Article Open Access

Validation of Perceptual Strain Index to Evaluate the Thermal
Strain in Experimental Hot Conditions

Habibollah Dehghan, Ayoub Ghanbary Sartang'

Department of Occupational Health Engineering, School of Health, Isfahan University of Medical Sciences, Isfahan, Iran, 'Department of Occupational Health,
School of Health, Isfahan University of Medical Sciences, Isfahan, Iran

Correspondence to:
Dr. Habibollah Dehghan, Department of Occupational Health Engineering, School of Health, Isfahan University of Medical Sciences, Isfahan, Iran.
E-mail: ha_dchghan@hlth.mui.ac.ir

How to cite this article: Dehghan H, Ghanbary Sartang A. Validation of perceptual strain index to evaluate the thermal strain in
experimental hot conditions. Int ] Prev Med 2015;6:78.

4 ABSTRACT A

Background: The incidence of heat stress is one of the most common problems in workplaces
and industries. Many heat stress indices have been developed, and these indices have some
disadvantages. The purpose of this study is to validate the perceptual strain index (PeSl) in
experimental hot conditions.

Methods: This study is of cross-sectional carried out on 15 men at five different thermal conditions
(35°C, 30°C, 27°C, 24°C, and 21°C) in a climate chamber and on a treadmill at three levels of light
(2.4 kph), medium (4.8 kph) and heavy activity (6.3 kph). Heart rate and oral temperature were
respectively measured to calculate the physiological strain index. Also, thermal sensation and
rate perceive exertion were respectively measured to calculate the PeSlI. Finally, the correlation
between the indices was analyzed using Pearson correlation test and regression analysis.

Results: Pearson correlation test showed a high correlation (r = 0.94) between the PeSl and
physiological strain index (P = 0/001). It was also observed a high correlation between the
PeSlI and the oral temperature (r=0.78, P = 0/001) and the heart rate (r= 0.90, P = 0/001). In
addition, there was found a moderate correlation (r= 0.71) between the PeSI and the wet bulb
glob temperature (P = 0/001). However, there was no correlation between the PeSl and the body
mass index (r=0.0009, P = 0.79).

Conclusions: The research findings showed when there is no access to other forms of methods to

evaluate the heat stress, it can be used the PeSl in evaluating the strain because of its favorable
correlation with the thermal strain.

Keywords: Evaluation of thermal strain, hot experimental conditions, perceptual strain index,
\_ physiological strain index J
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in human including thermal strain. The thermal strain
is defined as any human physiological responses to
the thermal stress. Heat also considers as a risk factor
for cardiovascular disease and results in the increased
work-related accidents.'' Also, the exposure to heat
is regarded as a major problem of occupational health
in many countries.”! The heat stress is a serious threat
in many industries, including steel, petrochemicals,
and glass, and also in kitchens, bakeries, and road
construction, and it can affect directly the performance
and health of peoples. Many heat stress indices have
been developed by researchers to evaluate heat stress.
In fact, the index is a criterion to show the severity of
heat stress in workplaces.’ Some of these indices are:
Wet glob temperature developed by Ilaldan in 1905
as the first index for evaluating the thermal stress,”
effective temperature index developed by Houghton
Yaglou in 1923, and wet bulb glob temperature
(WBGT) developed by Yaglou and Minard in 1957.17
Many proposed indices are categorized in rational and
empirical indices. Rational indices are those developed
based on heat exchange between human’s body and
the environment, whereas the empirical indices are
those based on human’s response to various factors
and are applied to conditions for which they have
been defined and are not used in different weather
conditions.!"! Considering the number of job positions
with thermal problems is very high, and hence cach of
above indices developed to assess the heat stress has
some disadvantages and it cannot be used as a single
index to evaluate the heat stress In environments
with different climate conditions, or some of indices
have variables difficult and time-consuming to be
measured,® such as Required Sweat Rate Index which
needs tools and instruments and is calculated by a
very complicated and time-consuming method which
requires a computer,” index of thermal stress which is
not applicable for assessing the thermal strain such as
internal temperature and heart rate, index of predicted
4-h sweat rate which is used only in environments with
high humidity and is not applicable in environments
with low humidity" modified discomfort index
which was developed by Epstein and Moran in 1999
and doesn’t consider the radiation temperature in
environments in evaluating thermal stress.”) On the
other hand, of the existing methods for assessing the
risk of heat stress, the observational and perceptional
methods have been continuously developed and used
because of their simplicity and inexpensiveness, rapid
answers, and feasibility to be used without interfering
with the workplaces.!""!

Chen et al. concluded in their study that heart rate,
systolic blood pressure, and individuals’ subjective
judgment of physical and mental exhaustion caused by
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heat increase when the index of WBGT rises, and there
is a direct significant relationship between the index
of WBGT and heart rate, systolic blood pressure, and
physical and mental exhaustion caused by heat.!"!

Cheung  suggested that the individuals’ mental
perception of and psychological responses to heat stress
of the environment should be considered whereas it is
not considered human’s perceptional response to heat
stress and the temperature of the body in most of
indices of heat stress.!'?)

Ohnaka et al. concluded in their study in Japan that
there 1s a significant direct relationship between
participants’ thermal sensation by Likert scale, deep
body temperature, and standard effective temperature. !

Considering the aforementioned disadvantages about the
thermal indices, Tikuisis et al. have developed perceptual
strain index (PeSI) which measures the thermal strain
in individuals through the thermal sensation and the
Borg Rating of Perceived Exertion for physical activity
intensity level. This index is indeed a method to assess
the risk of thermal strain through perception. PeSI is a
simple and inexpensive method to evaluate the thermal
strain, and it can be used to determine the health risks
to workers exposed to heat."! Many heat stress indices
have been developed, and these indices have some
disadvantages, and purpose of this study is to validate
the PeSI in experimental hot conditions.

METHODS

Participants in the study

This experimental study was performed carried out on
15 male students in the laboratory of thermal stress
in School of IHealth. The sampling method was the
invitation of the subjects, considering inclusion criteria
for the study. Participant’s characteristics in this study
were 15 men with a mean and standard deviation of
24.53 = 2.47 years old, 174.66 % 12.31 cm height, 71.41
+ 4.49 kg weight, and 23.28 * 3.86 kg/m? body mass
index (BMI). Inclusion criteria were lack of cardiovascular
discases, pulmonary diseases, hypertension, diabetes,
neurological ~ diseases, ~ musculoskeletal  diseases,
consuming coffee, caffeine and alcohol for 12 h before
the test. The subjects were informed about the test
procedures and signed participation consent. Selection
and number of samples were based on the similar
empirical  studies.!'"*"”! After approving the subjects
for the test, a cardiograph apparatus RS 100 POLAR
model "7l which has been used in various researches
was fasten on the subject’s chest and wrist. The
subject was in resting position for 15 min, and then
his heart rate and oral temperature were measured by
cardiograph apparatus and oral thermometer (Rossmax
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Digital Thermometer Model 100 TB) Med Iirst, India,
respectively, and the variables thermal sensation and
Borg Rating of Perceived Exertion for physical activity
intensity level were recorded. After resting, the subject
performed a physical activity (walking) in five different
thermal stages of 21°C, 24°C, 27°C, 30°C and 35°C
cach for 45 min. Each thermal stage was executed in a
separate day, including a 45 min physical activity on a
treadmill. The subject engaged in physical activity on a
treadmill at each of the above temperatures for the first
15 min at the rate of 2.4 kph (light physical activity)
and 10 min rest for recovery time heart rate and core
temperature, the second 15 min at the rate of 4.8 kph
(medium physical activity) and 10 min rest for recovery
time heart rate and core temperature, the third 15 min at
the rate of 6.3 kph (heavy physical activity) and 10 min
rest for recovery time heart rate and core temperature.!!l
The physical activity was performed with normal clothes
(0.6 clo). And at the end of each 15 min session and at
each of above speeds and temperatures, the heart rate
and the deep body temperature were recorded during
the physical activity to calculate the physiological strain
index, and the thermal sensation and the exerted power
by the subject were recorded to calculate the PeSI.

The PeSI is calculated as follows:!'!
PeSI =5 x ([TS — 1]/4) +5 x (PE/10).

The score for thermal sensation and perceived exertion is

presented in Tables 1 and 2.

The final score for the PeSI is from 0 to 10 that is
presented in Table 3.

One of the important indices used in this study as one of
the main factors validating the PeSI is the physiological
strain index. It is used to assess the physiological strain
caused by the heat, in which it is considered the load on
the cardiovascular system and the system regulating the
body’s temperature.

The physiological strain index is calculated as follows:

PSI = 5 x (T, -T, r)/(39.5—Tm ) + 5 x (HR-HR)/
(180 — HR).
Where:

T, is oral temperature at rest, T is oral temperature
during the activity, HR is the heart rate during the

activity, and HR  is the heart rate at rest.l¥

The final score for the physiological strain index is from 0
to 10 that is presented in Table 4.

Environmental — temperature was monitored using
the WBGT apparatus of Casella model, Britain that
sensitivity 0.1°C. Air temperature ranged at this study
was between 19.5°C and 44.3°C. The results from the
study were analyzed using SPSS, version 20 (IBM, United
States). Iinally, Pearson correlation test and regression
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Table 1: Thermal sensation score

Thermal sensation Evaluate

1 Comfortable
2 Slightly warm
3 Warm

4 Hot

5 Very hot
Table 2: Perceived exertion score

Perceived exertion Evaluate

0-1 Extremely easy
2-3 Easy

4-5 Somewhat easy
6-7 Somewhat hard
8-9 Hard

10 Extremely hard

Table 3: The final score the perceptual strain index!'¥

Score Evaluate

0-2 No heat strain

3-4 Low heat strain

5-6 Moderate heat strain
7-8 High heat strain
9-10 Very high heat strain

Table 4: The final score the physiological strain index!"”

Score Evaluate

0-2 No heat strain

34 Low heat strain

5-6 Moderate heat strain
7-8 High heat strain
9-10 Very high heat strain

analysis were used to determine the relation between
PeSI and the physiological strain index, oral temperature,
heart rate, wet bulb globe temperature and BMI. This
study was performed after getting permission from the
Ethic Committee in Medicine and participant’s informed
about the test procedures and signed participation
consent.

RESULTS

The mean and standard deviations of the studied indices
and the relevant variables are presented in Table 5.

Examining the relationship between the
perceptual strain index and the physiological
strain index, oral temperature, heart rate

Pearson correlation test showed that there is a very high
correlation between the PeSI and the physiological strain

index (r = 0.94, P = 0.001).
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The linear regression analysis in Figure 1 shows a very
high correlation between the PeSI and the physiological
strain index; so that, the PeSI will increase when the
physiological strain index increases. The linear equation
and the linear correlation coefficient are shown in the
Figure 2.

Pearson correlation test also showed that there is a high
correlation between the PeSI and the oral temperature

(r = 0.78) and the heat rate (r = 0.90, P = 0.001).

The linear regression analysis shown in Iigure 1 reveals
a good correlation between the PeSI and the oral
temperature and the heat rate. The linear equation and
the linear correlation coefficient are shown in figure.

Examining the relationship between the
perceptual strain index and body mass index
and wet bulb glob temperature

Pearson  correlation  test showed mno relationship
between the PeSI and the BMI (r = 0.0009, P = 0.79).
In Figure 3, the linear regression analysis not shows
correlation between the PeSI and BMI.

Pearson correlation test also showed that there is a
moderate correlation between the PeSI and WBGT
(r = 0.71), so that the PeSI will increase when WBGT
increases (P = 0.001).

In Figure 4, the linear regression analysis shows a
moderate correlation (r = 0.71) between the PeSI and
WBGT, so that the score of the PeSI will increase when
WBGT increases from 21°C to 35°C.

Table 5: Mean and SD of the studied indices and the
relevant variables

Index Mean (SD) Minimum-maximum range
Thermal sensation 3.48(1.2) 1-5
Perceived exertion 6.2 (3.6) 0-10
Perceptual strain index 6.52 (3.4) 0-9.5
Oral temperature (°C) 37.4(1.2) 35.8-38.9
HR 148 (12.2) 66-173
Physiological strain index ~ 6.97 (2.89) 0-8.5
SD= Standard deviation, HR= Heart rate
9 -
4 y =0.8579x + 0.0991 ; 3
7
6
5
Physiological .
strain index
3
2
1
0 ¥ . . .
o 1 2 3 4 5 6 7 8 9 10
Perceptual strain index
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DISCUSSION

The present study showed a high correlation between
the perception strain index and the physiological strain
index, oral temperature, and heart rate. Also, the study
showed a moderate correlation between the PeSI
and WBGT, indicating the suitability of such index
for evaluating the thermal strain in all places. The
correlation of the deep temperature (oral temperature)
which is the gold standard for the thermal stress with
the PeSI is high, indicating that this index is suitable
for evaluating the thermal strain. Gagge et al. concluded
examining the relationship between the thermal sensation
and the physiological responses that when participants
had a comfortable thermal sensation, the physiological
responses of their skin and their heart rate were desirable
and their perception of heat was proportional to their
physiological responses."! Hostler et al. studying the
effect of the increased perspiration on the PeSI and the
physiological strain index, reached to this conclusion
that both PeSI and physiological strain index showed
similar results and there was observed a high correlation
between these two indices."” Dehghan et al. examined
the observational-perceptional index as heat strain
score index (IISSI) in the form of a questionnaire, and
concluded that participants have a good subjective

40 -
y =0.1936x + 36.089
39 R =0.6131 .
oral
temperture
(€
34 +—T—7—7T—T7T—T—T1—T—T1T T
0 1 2 845 6 78910
Perceptual strain index
180 7 =87641x+84.438 :
160 - R?=0.8199 4
140 - o R
Heart H
Rate e
100 -+
80
60 T T Y T T T T T T 1
0 1. 2 838 4 5 6 7 8 9 10
Perceptual strain Index

Figure I:The linear regression analysis between the perceptual
strain index and the physiological strain index

Figure 2: The linear regression analysis between the perceptual
strain index and the oral temperature and the heat rate
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Figure 3: The linear regression analysis between the perceptual
strain index and body mass index

perception of the heat stress in workplaces, and the
obtained score of this index has a direct and significant
correlation with the resulted physiological strain index,
heart rate, oral temperature. Also, there is a direct and
significant correlation between this index and WBGT,
which 1s consistent with the findings of the present
study.?"!

Gallagher et al. developed perceptual hyperthermia
index (PHI) based on a laboratory pilot study in which
firefighters wore protective clothing in a fire drill. They
concluded that there was a direct significant correlation
between the PHI and the physiological strain index under
different environmental temperatures, and they also
had a good subjective perception of the heat, which is
consistent with the present study’s findings.!"!

Haroyama et al. studied participants” subjective judgment
of the thermal stress using Subjective Judgment Scale
and concluded a direct significant correlation between
Subjective Judgment Scale and WBGT, so that the
scores from the subjective judgment scale increased
by increasing the WBGT. Participants had a proper
perception of the heat, which is consistent with the
findings of the present study.?"

Ansaldi et al. studied the subjects’ thermal comfort
and their subjective responses in the classroom and
reached to this conclusion that the participants had a
comfortable subjective response to the hot workplaces
when the temperature of the environment was in the
desirable range. By increasing the ambient temperature,
the participants’ subjective responses changed, and this
finding 1s consistent with the findings of the present
study.!

Habibi et al. concluded in a study on the relation
between the physiological strain index and the ISSI
among women that the increase in the physiological
strain index will increase the thermal strain index. The
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Figure 4: The linear regression analysis between the perceptual
strain index and wet bulb glob temperature

participants showed a proper subjective response to the
heat stress, which is consistent with the findings of the
present study.’)

No correlation was seen between the PeSI and the
BMI. Tuomaala et al. studied the effects of individual’s
characteristics and BMI on the thermal sensation
through predicted mean vote and concluded that there
is no correlation between the thermal sensation and
BMI <25, which is consistent with our findings from the
present study. The participants in this study had mostly
a BMI <25.12

In a study, Dehghan et al. examined the relation between
the heart strain and BMI and concluded that peoples with
BMI more than 25, compared to the ones with BMI <25,
are subject to the heart strain and these peoples should
not work in hot and humid conditions.

CONCLUSIONS

This study showed a higher correlation between the PeSI
and the physiological strain index, oral temperature and
heart rate, compared to the index of WBGT, indicating
that the PeSI can assess the thermal strain, on the other
hand, this index is easy and quick to use and imposes
much less costs as well. In fact, to evaluate the thermal
strain by the PeSI is a cheap and simple method and
also can be used to determine the health risks of workers
exposed to heat and in the risk assessment of thermal
strain. The process of assessing the risk of thermal
strain by the PeSI is in fact a management decision tool
which can be used in prioritizing various workstations
in terms of the thermal strain in order to conduct the
interventions to control the heat.

The results of the present study showed that when there
is no access to other methods to assess the heat stress,
the PeSI can be used in the assessment of the thermal
strain because it has an acceptable correlation with



International Journal of Preventive Medicine 2015, 6:78

reliable indices of heat stress as well as its easy, quick and
low-cost application in assessing the thermal strain.

This study was conducted on men young in vitro. It is
recommended to conduct similar studies middle-aged
and older people and to be done in actual conditions in
industries with hot environment to evaluate this index.

ACKNOWLEDGEMENTS

This study was conducted in School of Health, Isfahan
University of Medical Sciences, by Research Project No.
393265 as a M. S. thesis. The authors would like to thank
Mrs. Peymaneh Habibi, the enginecer and the director in
the laboratory chamber of thermal stresses for her sincere
cooperation during the study.

Received: 02 Feb 15 Accepted: 14 May 15
Published: 19 Aug 15

REFERENCES

I. Golbabaee F Man and Thermal Environments. 222: Tehran University Press;
2002. p. 80-90, 190-225.

2. Bethea D, Parsons K, Britain G.The Development of a Practical Heat Stress
Assessment Methodology for Use in UK Industry. British: HSE press edition;
2002.p. I.

3. EpsteinY,Moran DS.Thermal comfort and the heat stress indices. Ind Health
2006;44:388-98.

4. Wing JF.Upper thermal tolerance limits for unimpaired mental performance.
Aerosp Med 1965;36:960-4.

5. Haldane JS. The influence of high air temperatures: No |. | Hyg (Lond)
1905;5:494-513.

6. Houghton F, Yaglou C. Determining equal comfort lines. ] ASHVE
1923;29:165-76.

7. Yaglou CP, Minard D. Control of heat casualties at military training centers.
AMA Arch Ind Health 1957;16:302-16.

8. Brake R, Bates G.A valid method for comparing rational and empirical heat
stress indices.Ann Occup Hyg 2002;46:165-74.

9. Malchaire ), Gebhardt HJ, Piette A. Strategy for evaluation and prevention of
risk due to work in thermal environments.Ann Occup Hyg 1999;43:367-76.

10. Rostam Golmohammadi MA. Air Conditioning Control in Workplace.
Daneshjo edition: Hamedan University of Medical Science; 2012. p. 124-70.

I1. Chen ML, Chen CJ,Yeh WY, Huang JW, Mao IF. Heat stress evaluation and
worker fatigue in a steel plant. AIHA | (Fairfax,Va) 2003;64:352-9.

[Downloaded free from http://www.ijpvmjournal.net on Saturday, August 22, 2015, IP: 176.102.233.85]

http://www.ijpvmjournal.net/content/6/1/78

12. Cheung SS. Neuropsychological determinants of exercise tolerance in the
heat. Prog Brain Res 2007;162:45-60.

13. Ohnaka T, Tochihara Y, Tsuzuki K, editors. Body Temperatures and Thermal
Sensations in Young and Old People During Outdoor Exercise in the Four
Seasons. Proceedings of the Fifth International Conference on Environmental
Ergonomics, Maastricht, The Netherlands; 1992.

4. Tikuisis P,McLellanTM, Selkirk G.Perceptual versus physiological heat strain
during exercise-heat stress. Med Sci Sports Exerc 2002;34:1454-61.

15. Moran DS, Shitzer A, Pandolf KB.A physiological strain index to evaluate heat
stress.Am ] Physiol 1998;275:R129-34.

16.  Gallagher M Jr,Robertson R, Goss FL, Nagle-Stilley EF, Schafer MA, Suyama J,
et al. Development of a perceptual hyperthermia index to evaluate heat strain
during treadmill exercise. Eur | Appl Physiol 2012;112:2025-34.

17. LiY,Tokura H, Guo YP, Wong AS,Wong T, Chung }, et al. Effects of wearing
N95 and surgical facemasks on heart rate, thermal stress and subjective
sensations. Int Arch Occup Environ Health 2005;78:501-9.

18.  Gagge AP, Stolwijk JA, Hardy JD. Comfort and thermal sensations and
associated physiological responses at various ambient temperatures. Environ
Res 1967;1:1-20.

19.  Hostler D, Gallagher M Jr, Goss FL, Seitz |R, Reis SE, Robertson R}, et al. The
effect of hyperhydration on physiological and perceived strain during treadmill
exercise in personal protective equipment. Eur ] Appl Physiol 2009;105:607-13.

20. Dehghan H, Habibi E, Khodarahmi B, Hasan Y, Akbar H. A survey of the
relationship of heat strain scoring index and wet bulb globe temperature
index with physiological strain index among men in hot work environments.
] Health Syst Res 2012;7:5-6.

21. HaruyamaY, Muto T, Matsuzuki H, Ito A, Tomita S, Muto S, et al. Evaluation of
subjective thermal strain in different kitchen working environments using
subjective judgment scales. Ind Health 2010;48:135-44

22. Ansaldi R, Corgnati SP, Filippi M. Comparison Between Thermal Comfort
Predictive Models and Subjective Responses in Italian University Classrooms.
Proceedings of Clima, WellBeing Indoors; 2007. p. 3-7.

23. Habibi P, Dehghan H, Rezaei S, Maghsoudi K. Thermal, physiological strain
index and perceptual responses in iranian muslim women under thermal
condition in order to guide in prevention of heat stress. Iran | Health Saf
Environ 2014;1:172-6.

24. Tuomaala P, Holopainen R, Piira K, Airaksinen M. Impact of Individual
Characteristics Such as Age, Gender, BMI and Fitness on Human Thermal
Sensation. Proceedings of BS 2013 (4-8); 13* Conference of International
Building Performance Simulation Association, Chambéry, France, August
26-28.

25. Dehghan H, Mortazavi SB, Jafari M), Maracy MR. Cardiac strain between normal
weight and overweight workers in hot/humid weather in the persian gulf. Int
) Prev Med 2013;4:1147-53.

| Source of Support: Nil, Conflict of Interest: None declared.




