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Abstract
Background: Human in hot environments are exposed to several risks and discomforts which seriously
affect their physiological and mental workload. However, they are required to take frequent rest breaks to
prevent heat strain when working in hot environments. The main objective of this study is to
systematically summarize the literature about the effect of cooling vests on physiological and perceptual
responses that might help research and practice in the future.Inclusion criteria: Studies in scienti�c
journals and other databases, focusing on the effect of cooling vests on physiological and perceptual
responses will be included.

Methods: Three main databases such as PubMed, Scopus, and Web of Science will be searched to �nd
relevant literature on type of cooling vest and effects using subject headings and appropriate MeSH
terms. Inclusion and exclusion criteria will be used for screening. Two authors will participate in all of the
search stages including preliminary search, screening, quality assessment, data extraction, and data
synthesis. We will limit our search to articles published in a peer review journal between 2000 and 2019.
The protocol has been written according to PRISMA-P checklist. Three main databases such as PubMed,
Scopus, and Web of Science will be searched to �nd relevant literature on type of cooling vest and effects
using subject headings and appropriate MeSH terms. Inclusion and exclusion criteria will be used for
screening. Two authors will participate in all of the search stages including preliminary search, screening,
quality assessment, data extraction, and data synthesis. We will limit our search to articles published in a
peer review journal between 2000 and 2019. The protocol has been written according to PRISMA-P
checklist.

Objective: The aim of this systematic review is to investigate and compare the effect of different types of
cooling vests on physiological and perceptual responses in order to choose the best one according to
affecting factors.

PROSPERO Registration Number: CRD42019140820

Background
Outdoor workers, such as construction workers, miners, and hot processes in iron, steel, glass and rubber
foundries, �re�ghters who perform highly intense physical activities, are exposed to heat stress,
particularly in tropical and subtropical regions or countries (1-3). The combination of physical activities,
high ambient temperatures and humidity may create excessive heat strain, which would effect on
physical, subjective and physiological performance if preventive measures are not taken (2, 4). Various
types of personal cooling (PC) garments have been developed to mitigate heat strain in users hot
environmental occupations, e.g., �uid cooling garments (FCGs)(5) are using a system that circulates cold
water or air through a tube-lined shirt or garment, phase change material garments (PCM) uses the latent
heat storage of phase change materials (4), evaporative cooling garments (ECGs)(6) is another type of
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cooling garments that large latent heat of water evaporation for cooling, and hybrid cooling
garments(HBCUs) that combine two or more of cooling systems(7-9).

There are indices for represents the combined strains of the thermoregulatory, cardiovascular systems
(e.g. physiological strain index (PSI) (10) and quantify perceptual responses (e.g. rating of perceived
exertion (RPE, 6–20) (11), thermal sensation (0.0–8.0) (12), perceived thirst (1–7) (13), and muscle pain
(0–10)(14)). Wearing microclimate cooling systems(MCSs) signi�cantly increase physiological
responses (core body temperature and sweating rate (-0.34 °C/h, -0.30 L/h respectively), and performance
(+29.9%, effect size [EFS] =1.1) compared with no wearing MCSs (15). Also, another a meta-analysis
showed that precooling (prior to exercise) has a moderate (d=0.73) effect on human performance and
cooling during exercise has a positive effect on performance (d=0.76) in hot environmental (16).
Although CVs have been extensively applied and proven as an effective design in the decrease or remove
physiological parameters and improve performance in many occupational workers and other physical
activity in workplaces with exposure to the extreme environment (15). Less attention has been focused on
their perceptual responses. In this regard, thermal perceptions that are perceptual and subjective
responses to heat stress should also be considered (17).

 

REVIEW QUESTIONS

The questions of this review are:

How can affect the cooling vests on physiological responses?

How can affect the cooling vests on perceptual responses?

Are there any differences among types of CVs?

Can use to the cooling vests induced decrease heat stress?

 

OBJECTIVES

Primary objectives

The primary objectives of this systematic review include:

Investigating effect of CVs on human observational- perceptual responses, which will be particularly
helpful for preventing of heat stress among workplaces populations

Comparing the e�cacy of different types of cooling vests in reducing physiological and perceptual
responses in workplace.
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Secondary objectives

Investigating the effect of CVs on physiological responses human body.

Investigating the effect of CVs on perceptual responses human body.

Investigating the e�cacy of types of CVs in heat stress reduction

Methods
This systematic review study will investigate existing documents with search phrases and terms
including cooling vests, physiological response, and effect employing Mesh terms or synonyms related to
search strategy. Web of Science, PubMed, Scopus, Cochrane Library and Google. This systematic review
will be done using the suggested reporting items for systematic review and meta-analysis protocol
(PRISMA-P) 2015(18). This protocol has been written based on the PRISMA Protocol Checklist and has
been registered in the PROSPERO with the registration number: (CRD42019140820)

 

ELIGIBILITY CRITERIA

Studies investigate types of CVs.

Studies that Compare among of CVs.

Studies investigating the Performance of types of CVs.

Studies investigating the effect of CVs on physiological responses human body.

The effect of CVs on perceptual responses human body.

Studies with the English language.

Studies investigating perceptual human responses.

       

EXCLUSION CRITERIA

Studies about the effect of personal cooling on thermal manikins.

Studies investigating the effect of personal cooling on spinal cord injury.

Studies on the effect of personal cooling on cure infant or other diseases.

Studies investigating on the modeling of personal cooling without human subjects’ response.

Studies with non-English language.

 

SEARCH STRATEGY
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The aim of the search is to �nd both published and unpublished studies. A preliminary search of Pubmed
was undertaken to identify articles on this subject. The text words contained in the titles and abstracts of
relevant studies, and the Mesh terms used to describe the articles were used to develop a full search
strategy (see Appendix 1). If we �nd other relevant keywords during our primary search, we will include in
the search syntax. Also, the included studies reference will be searched for additional studies.

 

 INFORMATION SOURCES        

We will search PubMed, Scopus, and Web of Science. Other resources such as conference papers, books,
thesis, research reports, and guidelines will also be investigated to �nd the gray literature.  Conference
papers will be searched via Scopus database. In order to �nd more related studies, the reference lists of
included papers and the table of contents of key journals on the subject will also be investigated. Studies
that were published between 2000 and 2019 will be included.

 

ARTICLE SCREENING    

All searched studies will be exported in the EndNote software then duplicated records will be removed.
Two informed authors will investigate them separately in order to identify relevant studies according to
title, abstract and keywords. Then reviewers will investigate identi�ed articles based on inclusion criteria
for their full-text investigation. The included study lists of two reviewers will be compared and cases of
disagreements will be resolved through discussion and consensus. In the case of unresolved
disagreements between two reviewers, the entire research team will make the decision about the inclusion
or exclusion of a study. More potential relevant documents will be identi�ed through the extracted
documents references and key journals. Also guidelines, standards and documents introducing models or
tools will be reviewed to �nd more relevant factors.

 

SELECTION PROCESS

Using EndNote software identi�ed studies will be classi�ed and screened. Two reviewer authors will
investigate them separately in order to identify relevant studies according to title, abstract and keywords.
Then reviewers will investigate identi�ed articles based on inclusion criteria for their full-text
investigation. The included study lists of two reviewers will be compared and cases of disagreements will
be resolved through discussion and consensus. In the case of unresolved disagreements between two
reviewers, the entire research team will make the decision about the inclusion or exclusion of a study.

 

ASSESSMENT OF METHODOLOGICAL QUALITY
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The methodological quality of the included documents will be assessed using a researcher-made quality
assessment form. Two reviewers will evaluate each document quality using a checklist. In case
disagreements were not resolved, a third reviewer would reassess the manuscripts.

 

Data extraction

After completing the process of searching literature, the full text of studies will be given to the reviewers.
Then two data extraction forms will be used for data extraction. The �rst form will include general
information of the included articles such as �rst author name, publication year, document type, study
location, the methodology of research and �ndings. Another form will be used to identify the details of
indicators and domains. The corresponding author will be contacted by email and ask authors to give full
texts or data, in case of failing to access them. In the case of inaccessibility to the full text of articles,
they will be excluded from the study.

Discussion
People most often required to perform prolonged periods of indoor and outdoor jobs under conditions
frequently exposed to high heat and humidity (19). In recent years, personal cooling garments have been
developed to ensure the user remains thermal comfort and thermoregulation when exposure to extreme
environmental conditions during a long period of time (20). PC garments that in order to thermal comfort
technologies offer a potentially low-cost solution toward mitigating energy use by HVAC systems (21).
Numerous efforts have been made to reduce heat strain and human performance working underneath
personal protective equipment (PPE) ensembles by applying various types of CVs such as liquid cooling,
air cooling and phase changing material or ice. This types of equipment can affect physiological and
perceptual responses in persons that use to these (22).

There is no consistent �nding on the effectiveness of CVs on human subjective judgments and
physiological responses to heat exposure. This may be because different studies administered the
different type of supplements and they assessed the effects on different variations. The results of this
systematic review could be helpful for occupational health services provider and experts to understand
the best type of CVs supplement for users that frequently exposed to heat stress.

Abbreviations
CVs
Cooling Vests
PC
Passive Cooling
FCGs
�uid cooling garments
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ECGs
evaporative cooling garments
HBCUs
hybrid cooling garments
PSI
physiological strain index
RPE
rating of perceived exertion
MCSs
Wearing microclimate cooling systems
MeSH
Medical Subject Headings
NNR
Number Needed to Read
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Appendix I: Search Strategy
Pubmed search

#Insert name of database (insert name of the platform/service provider), e.g. MEDLINE (Ovid)#
Search conducted on #month, year#
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Search Query Records
retrieved

#1 ("cooling vest*"[tiab] OR (cooling[tiab]  AND vest*[tiab]) OR "cooling
garment*"[tiab] OR (cooling[tiab] AND garment[tiab]) OR "passive
cooling"[tiab] OR (passive[tiab] AND cooling[tiab]) OR “fluid cooled
garment*”[tiab] OR FCG*[tiab] OR “phase change material”[tiab] OR
PCM*[tiab] OR “evaporate cooled garment*”[tiab] OR ECG*[tiab] OR
“vacuum desiccant cooling”[tiab] OR VDC[tiab] OR cloth*[tiab] OR “active
cooling vest”[tiab]) AND ("physiological response*"[tiab] OR
(physiological[tiab] AND response*[tiab]) OR "perceptual response*"[tiab]
OR (perceptual[tiab] AND response[tiab]) OR "heart rate"[tiab] OR
(heart[tiab] AND rate[tiab]) OR “core temperature*"[tiab] OR (core[tiab]
AND temperature[tiab]) OR "sweat rate"[tiab] OR (sweat[tiab] AND
rate[tiab]) OR "skin temperature"[tiab] OR (skin[tiab] AND
temperature[tiab]) OR "oral temperature"[tiab] OR (oral[tiab] AND
temperature[tiab]) OR "PSI index" OR PSI OR "thermal comfort*"[tiab] OR
(thermal[tiab] AND comfort[tiab]) OR RPE[tiab])

4639
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