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Abstract 

Background: Heat exposure is rapidly becoming one of the most pressing health issues of the 21st 
century. Much work to date has focused on the impact of high heat conditions on outdoor workers 
but not focused on indoor workers who may be exposed to high heat conditions, such as restaurant 
workers. Restaurant workers are frequently exposed to high heat conditions at work due to 
increasing environmental temperatures and occupational factors. Of particular concern to heat 
exposed workers are the impact of occupational heat exposure on the kidneys, which has shown to 
cause acute kidney injury simply from working in the heat. Purpose: The purpose of this scoping 
review is to identify what studies have been completed investigating the impact of heat exposure on 
kidney functioning in restaurant workers. Methods: We followed Arksey and O’Malley’s 5-step 
framework for conducting scoping reviews. Searches were conducted in PubMed, CINAHL, Embase, 
and Web of Science. Results: Of the 287 studies identified, 246 were screened at the title and abstract 
level and four full texts were screened. Ultimately, 2 journal articles and 1 conference proceeding 
were included in this review. All three studies were conducted internationally, with two collecting 
data primarily in the winter or spring. None of the studies utilized similar protocols for measuring 
heat strain nor kidney function. Application to Practice: Findings underscore the urgent need for 
occupational health professionals to implement standardized heat monitoring and hydration 
protocols in restaurant settings and advocate for policies extending indoor heat protections to food 
service workers. 

Keywords: restaruant workers; climate change; heat exposure; kidney function 
 

Introduction 

Heat exposure is one of the most significant global public health threats of the 21st century (Watts 
et al., 2018) and the summer of 2024 was the hottest summer on record (Weikert et al., 2025). 
Increasing global temperatures are leading to increased rates of heat-related illness (HRI), with every 
1°C morbidity from heat-related illnesses increases by 35% and mortality increases by 18% (Faurie et 
al., 2022). Rising temperatures are also thought to have produced one of the first environmentally-
driven chronic diseases, chronic kidney disease of non-traditional etiology (CKDnt) (Johnson et al., 
2019; Sorensen & Garcia-Trabanino, 2019). Daily occupational heat exposure, leading to repeated 
acute kidney injury (AKI) due to renal ischemia secondary to heat-induced volume depletion (Liu et 
al., 2021) and inflammatory changes in the kidney (Hansson et al., 2020) is thought to be the primary 
risk factor for developing CKDnt (Chapman et al., 2021; Smith, 2024; Wesseling et al., 2020). Besides 
the general population, extreme heat is becoming more dangerous for workers every year, as strong 
evidence suggests the odds of developing AKI in farmworkers increases by 47% for 5°F increase in 
environmental temperature.(Mix et al., 2018) Similarly, construction workers are at a higher risk of 
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developing AKI (Tourula et al., 2025) and CKD (Acharya et al., 2018) likely due to strenuous outdoor 
work in extreme heat. However, limited studies exist showing the effects of indoor heat exposure on 
workers’ kidney health (Smith et al., 2022). 

Within the restaurant industry, workers report work environments that are made intolerable by 
high heat conditions where the ambient air temperature frequently reaches temperatures of 100°F 
(34°C) (Garza, 2024; Wakim, 2024). Not only do these high ambient temperatures impact workers, 
but workers face extra sources of heat from restaurant ovens, which can reach temperatures up to 
750°F (Ciarmiello & Morrone, 2016). The prevalence of heat-related illness (HRI) symptoms in 
restaurant workers ranges from 20-65% (Restaurant Opportunities Centers United, 2023), further 
highlighting the need to understand the relationship between occupational heat exposure and kidney 
functioning in this working group.  

Understanding the association between excessive indoor heat and worker health is increasingly 
recognized as a public health priority (Morris et al., 2020.) Due to an anticipated dearth of literature 
investigating the impacts of occupational heat exposure on kidney functioning in indoor workers, a 
scoping review methodology was chosen for an initial examination of the literature on indoor heat 
exposure and kidney health in restaurant workers. 

Objectives 

The primary objective of this paper is to outline and examine the existing literature about indoor 
heat exposure and kidney health in restaurant workers. The secondary objective was to identify gaps 
in the existing research for future research assessing occupational heat-related illnesses and kidney 
function in restaurant workers.  

Methods 

Design  

This review followed the PRISMA-ScR (Tricco et al., 2018) guidelines and Arksey and O’Malley’s 
five step methodological framework for conducting scoping reviews (2005). Arksey and O’Malley 
(2005) suggest the following five steps for conducing scoping reviews: 1) research question 
identification; 2) identifying potential studies through an in-depth database search utilizing PubMed, 
Web of Science, EMBASE, and CINAHL; 3) study inclusion based on pre-determined inclusion 
criteria; 4) charting of the data; and 5) collating, summarizing, and reporting of study results. They 
also propose a sixth, optional step of consultation, which was not utilized in this review. No formal 
protocol was registered for this review given its rapid nature.  

Research Question  

Following step 1 of the Arksey and O’Malley framework (2005), we identified our research 
question as: what studies have been conducted to assess the connection between occupational heat 
exposure and kidney function in restaurant workers? 

Literature Search 

Identification of potential studies is step 2 of the Arksey and O’Malley framework (2005). This 
was achieved by searching PubMed, Web of Science, EMBASE, and CINAHL. Search terms were 
crafted by adjusting the search terms of Smith et al. (2021) to focus on restaurant workers rather than 
farm workers. The search terms for this search were originally developed for PubMed, translated for 
Web of Science, EMBASE, and CINAHL, and were reviewed by AA and BB before the searches were 
conducted. Searches were limited to the time of January 1, 2015, through the latest search date of 
August, 22, 2025 and were limited to either English or Spanish articles, as the author team does not 
possess linguistic abilities in additional languages. No geographic limitation was included in the 
search. After the initial database search, the reference list was exported into Covidence, duplicates 
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were removed, and titles and abstracts were reviewed by CC and BB. If there was conflict between 
the two primary reviewers, AA served as the adjudicator. The references of included articles at the 
level of title and abstract were also searched for additional articles to include in this review. This 
process was then repeated at the level of full text review with CC and BB serving as primary 
reviewers and AA as adjudicator.  

Eligibility Criteria 

Step 3 of the framework is to identify included articles based on inclusion & exclusion criteria 
(Arksey & O’Malley, 2005). Inclusion criteria for this review were 1) primary research with restaurant 
workers and 2) assessed the relationship between occupational heat exposure and kidney function. 
Exclusion criteria included 1) non-English or non-Spanish articles and 2) focus on outdoor, heat 
exposed occupations.  

Data Extraction 

For step 4 of the framework (Arksey & O’Malley, 2005), each author was assigned a single article 
from which to extract data. Author AA then verified the extracts and created the final data extraction 
table. The table included variables recommended by Arksey and O’Malley and included: 1) author(s), 
publication year, and study location (i.e., country); 2) intervention and standard of comparison, if 
applicable; 3) study population (and control); 4) study aims; 5) methodology; 6) outcome measures 
(specifically measurement of heat strain and kidney function); and 7) principal results.  

Results 

A total of 287 studies were identified in this review (Figure 1). Ultimately, three studies were 
included for final analysis during this review (Table 1). Two of the studies, Saif were complete journal 
articles (Saif Eldin et al., 2022; Singh et al., 2016). The work of Venugopal et al. was a published 
abstract (2021). All of the studies were cross-sectional with restaurant workers that assessed the 
relationship between occupational heat exposure and kidney function (Saif Eldin et al., 2022; Singh 
et al., 2016; Venugopal et al., 2021). The articles were published between 2016 and 2022 with data 
collection primarily occurring in the winter. Research was conducted in India (Singh et al., 2016; 
Venugopal et al., 2021) and Egypt (Saif Eldin et al., 2022).  Two studies sampled workers from 
commercial kitchens (Singh et al., 2016; Venugopal et al., 2021), and the third study sampled workers 
in a hospital kitchen (Saif Eldin et al., 2022). Participants included exclusively male kitchen workers, 
male and female kitchen workers, and commercial kitchen workers (no demographics reported). 
Controls for the studies varied, including indirectly heat-exposed (food prep, washing, and storage 
areas), other staff (office workers and service areas), and the work of Venugopal et al. (2021) having 
no control reported. 
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Table 1. Studies assessing occupational heat exposure and kidney function among kitchen workers. 

Author, Year 
Location 

Heat Strain Measurements  Season/Timing 
Kidney 
Function 
Measure 

Population (n) Control Group Study Design & Aim Key Findings 

Singh et al., 
2016 
Lucknow, 
India 

Environmental: Heat 
Index; Humidex 
(temperature & RH) 
Physiological: Urine 
specific gravity 

Winter (Dec 
2014) 

Urinary 
albumin–
creatinine 
ratio  

n=188 (94 kitchen 
workers; 94 
office/service staff) 

Office/service 
staff 

Cross-sectional study of 
indoor air pollutants, 
heat, and kidney 
dysfunction 

Kitchen workers had higher urine SG 
(1.02 vs 1.01), more with elevated ACR 
(85.1% vs 22.3%), and higher humidex, 
temperature, and RH than controls. 

Eldin et al., 
2022 
Cairo, Egypt 

Environmental: WBGT; 
Workplace risk factors 
(ventilation, 
overcrowding) 
Physiological: Self-
reported heat symptoms 

Spring (Apr–
May 2021) 

Urinary IL-18 
and NGAL 

n=87 (40 direct heat-
exposed; 47 
indirect) 

Indirectly 
exposed 
workers 

Cross-sectional 
comparative study of 
hospital kitchens 

WBGT exceeded TLV (32.4°C vs 28°C). 
Directly exposed workers had higher IL-
18 and NGAL (p<0.001), more HRI 
symptoms, and drank less water. 

Venugopal 
et al., 2021 
South India 

Environmental: WBGT 
Physiological: Core body 
temperature, sweat rate, 
urine specific gravity 

Summer & 
Winter 2018 

Post-shift 
serum 
creatinine → 
eGFR 

n=266 (7 
commercial 
kitchens) 

None 
Cross-sectional study of 
heat strain and renal 
health in kitchens 

66% exceeded WBGT TLV (avg 30.1°C). 
82% reported heat strain symptoms. 
Heat-exposed workers had 2.8× higher 
risk of reduced eGFR (<90 mL/min/1.73 
m²). 

Abbreviations. ACR: Albumin Creatinine Ratio; eGFR: Estimated Glomerular Filtration Rate (mL/min/1.73 m²); HRI: heat related illness; IL-18: Interleukin-18; NGAL: Neutrophil Gelatinase-
Associated Lipocalin; RH: relative humidity (percentage); SG: urine specific gravity; TLV: threshold limit value (Celsius); WBGT: wet-bulb globe temperature (Celsius). 
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Figure 1. PRISMA Flow Diagram of Included Studies. 

Heat Strain 

Environmental  

Environmental measures of heat strain in the included studies were the calculated heat index, 
calculated wet-bulb globe temperature index, and an occupational assessment to identify heat risk 
environment (overcrowding, ventilation). In the study done by Saif Eldin et al., the exposed group 
mean value of the wet bulb globe temperature (WBGT) was (32.4+/-1.4), which exceeded the 
threshold limit value of (28 degrees Celsius) recommendations (2022). Venugopal et al., reported that 
66% of workers were exposed to WBGT levels higher than the threshold limit value, with an average 
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exposure of 30.1°C±2.7°C (2021). Singh et al. utilized a calculated humidex value to quantify 
environmental heat strain (2016). 

Physiological 

Physiological measures of heat exposure included in the studies were self-reported heat-related 
symptoms, core body temperature, and sweat rate. One study collected no physiological measures of 
heat strain, other than dehydration (Singh et al., 2016). Saif Eldin et al., additionally collected data on 
the amount of water consumed by kitchen workers compared to controls. Heat-exposed workers 
were found to have consumed significantly less water than controls (p-value < 0.001) (2022). 

Kidney Function 

All three studies included assessed kidney function (Saif Eldin et al., 2022; Singh et al., 2016; 
Venugopal et al., 2021). Measures of kidney health included microalbuminuria (Singh et al., 2016), 
uranalysis of interleukin-18 (IL-18) and neutrophil gelatinase-associated Lipocalin (NGAL) (Saif 
Eldin et al., 2022), and serum creatinine (to calculate GFR) (Venugopal et al., 2021).  Kidney function 
results are reported in Table 1.  

Discussion 

This review found few studies investigating the association of occupational heat exposure in 
restaurants and kidney function in workers, none of which were conducted in the U.S. While this is 
expected, given the scholarly emphasis on outdoor workers (Houser et al., 2021; Smith et al., 2022; 
Tourula et al., 2025), it also represents an area for future research to elucidate the impacts of heat 
exposure on restaurant workers. While it is assumed that indoor workers have access to adequate 
cooling measures, such as air conditioning, this is not the case for many restaurant workers (Garza, 
2024; Wakim, 2024). Importantly, the existing studies were limited to commercial and institutional 
(hospital) kitchens, with no research conducted in smaller, traditional restaurant settings. These 
smaller kitchens often have fewer resources, less sophisticated ventilation, and more variable staffing, 
which may amplify the health risks of heat exposure, not only in the kitchen, but also in the front of 
the house.  

As seen in heat exposure studies from other industries, such as construction (Acharya et al., 2018; 
Tourula et al., 2025) and agriculture (Mix et al., 2018; Moyce et al., 2017; Smith et al., 2021), the studies 
in this review had varying protocols for assessing heat stress and kidney functioning (Saif Eldin et 
al., 2022; Singh et al., 2016; Venugopal et al., 2021). The lack of standardized protocols for assessing 
heat stress and kidney functioning make comparisons across studies difficult to interpret (Smith et 
al., 2021) and potentially create confusion for employers on how to best protect their workforce from 
the dangers of heat. Thus, opening employers up to liability (Milner, 2022) and potentially 
contributing to underreporting of occupational-related heat morbidity. Furthermore, the 
appropriateness of certain measures warrants scrutiny. For example, relying solely on self-reported 
heat symptoms or cross-shift urine samples may underestimate risk compared to validated 
biomarkers or continuous physiologic monitoring. Similarly, the use of inappropriate control groups, 
such as office or service staff, raises concerns about validity, as these workers may or may not 
experience the same occupational demands as kitchen staff. Future studies should ensure controls 
reflect comparable work environments and exposures. 

Environmental monitoring was also inconsistently applied (Saif Eldin et al., 2022; Singh et al., 
2016; Venugopal et al., 2021). While some studies utilized WBGT, humidex, or heat index, others 
relied primarily on physiologic measures without concurrent environmental data. Given the dynamic 
and variable heat loads in kitchens, future research should always incorporate objective 
environmental monitoring alongside physiologic and renal measures. Moreover, most data collection 
occurred in cooler months, such as winter or spring, which likely underestimates true risk. Summer 
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data collection should be considered essential, as peak heat conditions are when workers face the 
highest physiological burden (Hansson et al., 2025; Varghese et al., 2023). 

Food safety regulations represent another major consideration when designing any intervention 
to decrease restaurant worker heat exposure and any resulting kidney dysfunction. Many local 
municipalities do not allow kitchen workers to keep hydration beverages, including water, near food 
preparation areas (NYC Department of Health, n.d.; Oregon Health Authority, 2019). However, even 
in those municipalities that do allow beverages in hot areas of the kitchen, such as the state of Georgia 
(GA Department of Public Health, 2025), workers may not know of these rules allowing them to keep 
water with them during a work shift. These policy inconsistencies may potentially restrict any effort 
to mitigate occupational heat strain in the restaurant industry.  

Due to indoor workers’ vulnerability to excessive heat, recent studies highlight a need for 
updated occupational health regulations to protect indoor workers (Shi et al., 2022; Smith et al., 2022). 
For workers within the United States, the Occupational Health and Safety Administration (OSHA) 
and National Institute for Occupational Safety and Health (NIOSH) have recommended criteria for 
occupational exposure to heat and hot environments. However, their recommendations are grossly 
outdated. Currently, it is unclear how many states include indoor workers in their heat standards. 
However both California (Cal/OSHA, 2024) and Minnesota explicitly mention indoor workers in their 
heat standards and policies (OSHA, n.d.). California’s adoption of an indoor heat standard in July 
2024 has introduced significant protections for restaurant workers by requiring safety measures when 
indoor temperatures reach 82°F or higher, aiming to prevent heat-related illnesses (Cal/OSHA & 
California, n.d.). This highlights the immediate need for new research studies to further explore the 
relationship between cumulative indoor heat exposure, hydration behaviors, and kidney health 
outcomes.  

Limitations 

We did not search Proquest dissertation or theses, potential missing non-peer reviewed 
academic work that was completed as part of doctoral dissertations or theses. Additionally, none of 
the authors had access to occupational health specific databases, such as such as the National Institute 
for Occupational Safety and Health or the Occupational Safety and Health Administration Database. 

Conclusion 

Indoor heat exposure is an emerging occupational health issue that has received far less attention 
than outdoor work in agriculture or construction. Restaurant workers are frequently assumed to have 
access to air conditioning, yet many workplaces lack sufficient cooling, leaving employees vulnerable 
to repeated heat stress. Given the lack of enforceable, indoor heat standards, particularly within the 
United States, there is still much to learn about the specific, long-term health effects of repeated 
occupational heat exposure in restaurant workers and interventions to protect these workers.  

Applications to Occupational Health Practice 

This scoping review highlights several actionable implications for occupational and 
environmental health professionals. Occupational health nurses and safety practitioners should 
recognize that indoor heat exposure poses comparable risks to outdoor work, particularly for 
restaurant workers with prolonged exposure to stoves, ovens, and inadequate ventilation. 
Practitioners can apply these findings by: 

1. Implementing systematic heat surveillance programs that include both environmental (e.g., 
WBGT, heat index) and physiological (e.g., hydration, core temperature) monitoring. 

2. Educating restaurant managers and workers about hydration practices, early symptom 
recognition, and rest–break scheduling to prevent heat strain and kidney injury. 
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3. Collaborating with public health officials to revise food safety codes that inadvertently restrict 
access to water near workstations, ensuring hydration is supported without compromising 
sanitation. 

4. Advocating for inclusion of indoor food service workers in state and federal heat standards and 
for evidence-based guidance on heat mitigation strategies specific to commercial kitchens. 

Collectively, these actions can help reduce the incidence of heat-related kidney injury among 
restaurant workers and strengthen heat illness prevention programs across indoor occupational 
environments. 

In Summary 
• Indoor heat exposure in restaurants presents significant but underrecognized risks for 

kidney injury and heat-related illness. 
• Occupational health professionals should integrate environmental and physiologic heat 

monitoring into workplace safety programs. 
• Hydration access and education are essential preventive strategies that may require local 

policy modifications. 
• Advocacy for indoor heat standards and worker protections is critical to safeguard the 

health of food service employees. 

Funding: This work was funded in part by National Institutes of Health/National Institute of Nursing Research 
award K01NR021272.  

Conflicts of Interest: The authors have no conflicts of interest to declare.  

IRB Review: This study was exempt from IRB review.  

Appendix A 

PubMed 
((ʺRestaurantsʺ[Mesh] OR ʺFood Servicesʺ[Mesh] OR restaurant worker* OR food service worker* 
OR kitchen staff OR kitchen worker* OR kitchen employee* OR kitchen environment* OR kitchen* 
OR cook* OR chef* OR line cook* OR dishwasher* OR dish washer* OR waiter* OR waitress* OR 
server* OR host* OR hostess* OR ʺback of the houseʺ OR ʺfront of the houseʺ)) AND ((ʺAcute Kidney 
Injuryʺ[Mesh] OR ʺRenal Insufficiencyʺ[Mesh] OR ʺKidney Diseasesʺ[Mesh] OR acute kidney injur* 
OR AKI OR acute renal injur* OR acute renal insufficienc* OR kidney dysfunction OR kidney 
function) AND (ʺOccupational Exposureʺ[Mesh] OR ʺHeat Stress Disordersʺ[Mesh] OR ʺThreshold 
Limit Valuesʺ[Mesh] OR ̋ Maximum Allowable Concentrationʺ[Mesh] OR occupational exposure OR 
heat stress OR heat strain OR heat exhaustion OR heat stroke OR sunstroke OR heat-related illness 
OR heat related illness OR dehydration OR hydration)) AND (ʺHumansʺ[Mesh]) AND (english[lang] 
OR spanish[lang]) 
Embase 
(ʹrestaurantʹ/exp OR ʹfood serviceʹ/exp OR restaurant*:ti,ab OR ʹfood service*ʹ:ti,ab OR ʹkitchen 
staffʹ:ti,ab OR ́ kitchen worker*ʹ:ti,ab OR ́ kitchen employee*ʹ:ti,ab OR kitchen*:ti,ab OR cook*:ti,ab OR 
chef*:ti,ab OR ʹline cook*ʹ:ti,ab OR dishwasher*:ti,ab OR ʹdish washer*ʹ:ti,ab OR waiter*:ti,ab OR 
waitress*:ti,ab OR server*:ti,ab OR host*:ti,ab OR hostess*:ti,ab OR ʹback of the houseʹ:ti,ab OR ʹfront 
of the houseʹ:ti,ab) AND (ʹacute kidney injuryʹ/exp OR ʹrenal insufficiencyʹ/exp OR ʹkidney 
diseaseʹ/exp OR ʹacute kidney injur*ʹ:ti,ab OR aki:ti,ab OR ʹacute renal injur*ʹ:ti,ab OR ʹacute renal 
insufficienc*ʹ:ti,ab OR ʹrenal insufficienc*ʹ:ti,ab OR ʹkidney dysfunctionʹ:ti,ab OR ʹkidney 
functionʹ:ti,ab OR ʹkidney disease*ʹ:ti,ab) AND (ʹoccupational exposureʹ/exp OR ʹheat stressʹ/exp OR 
ʹheat exhaustionʹ/exp OR ʹheat strokeʹ/exp OR ʹsunstrokeʹ/exp OR ʹoccupational exposureʹ:ti,ab OR 
ʹheat stressʹ:ti,ab OR ʹheat strainʹ:ti,ab OR ʹheat exhaustionʹ:ti,ab OR ʹheat strokeʹ:ti,ab OR 
sunstroke:ti,ab OR ʹheat-related illnessʹ:ti,ab OR ʹheat related illnessʹ:ti,ab OR dehydration:ti,ab OR 
hydration:ti,ab OR ʹthreshold limit value*ʹ:ti,ab OR ʹmaximum allowable concentrationʹ:ti,ab) AND 
[humans]/lim AND ([english]/lim OR [spanish]/lim) AND [2015-2025]/py 
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CINAHL 
(TI (restaurant* OR ʺfood service*ʺ OR kitchen* OR cook* OR chef* OR ʺline cook*ʺ OR dishwasher* 
OR waiter* OR waitress* OR server* OR host* OR hostess* OR ʺback of the houseʺ OR ʺfront of the 
houseʺ)   OR AB (restaurant* OR ʺfood service*ʺ OR kitchen* OR cook* OR chef* OR ʺline cook*ʺ OR 
dishwasher* OR waiter* OR waitress* OR server* OR host* OR hostess* OR ʺback of the houseʺ OR 
ʺfront of the houseʺ)) AND (TI (ʺacute kidney injur*ʺ OR AKI OR ʺacute renal injur*ʺ OR ʺacute renal 
insufficienc*ʺ OR ʺrenal insufficienc*ʺ OR ʺkidney dysfunctionʺ OR ʺkidney functionʺ OR ʺkidney 
disease*ʺ)   OR AB (ʺacute kidney injur*ʺ OR AKI OR ʺacute renal injur*ʺ OR ʺacute renal 
insufficienc*ʺ OR ʺrenal insufficienc*ʺ OR ʺkidney dysfunctionʺ OR ʺkidney functionʺ OR ʺkidney 
disease*ʺ)) AND (TI (ʺoccupational exposureʺ OR ʺheat stressʺ OR ʺheat strainʺ OR ʺheat exhaustionʺ 
OR ʺheat strokeʺ OR sunstroke OR ʺheat-related illnessʺ OR ʺheat related illnessʺ OR dehydration OR 
hydration)   OR AB (ʺoccupational exposureʺ OR ̋ heat stressʺ OR ̋ heat strainʺ OR ̋ heat exhaustionʺ 
OR ʺheat strokeʺ OR sunstroke OR ʺheat-related illnessʺ OR ʺheat related illnessʺ OR dehydration OR 
hydration)) 
Date limited 1/1/2015-08/22/2025 
English and Spanish  
Web of Science (with “Select All Databases” selected).  
TS=(restaurant* OR ʺfood service*ʺ OR ʺkitchen staffʺ OR ʺkitchen worker*ʺ OR ʺkitchen employee*ʺ 
OR kitchen* OR cook* OR chef* OR ʺline cook*ʺ OR dishwasher* OR ʺdish washer*ʺ OR waiter* OR 
waitress* OR server* OR host* OR hostess* OR ʺback of the houseʺ OR ʺfront of the houseʺ) AND 
TS=(ʺacute kidney injur*ʺ OR AKI OR ʺacute renal injur*ʺ OR ʺacute renal insufficienc*ʺ OR ʺrenal 
insufficienc*ʺ OR ʺkidney dysfunctionʺ OR ʺkidney functionʺ OR ʺkidney disease*ʺ) AND 
TS=(ʺoccupational exposureʺ OR ʺheat stressʺ OR ʺheat strainʺ OR ʺheat exhaustionʺ OR ʺheat strokeʺ 
OR sunstrate OR ʺheat-related illnessʺ OR ʺheat related illnessʺ OR dehydration OR hydration OR 
ʺthreshold limit value*ʺ OR ʺmaximum allowable concentrationʺ) 
Limited to English or Spanish  
Pub date: 2015-01-01 to 2025-08-22 
Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping 
Reviews (PRISMA-ScR) Checklist 

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

TITLE 
Title 1 Identify the report as a scoping review. 1 
ABSTRACT 

Structured 
summary 

2 

Provide a structured summary that includes (as applicable): 
background, objectives, eligibility criteria, sources of 
evidence, charting methods, results, and conclusions that 
relate to the review questions and objectives. 

1 

INTRODUCTION 

Rationale 3 

Describe the rationale for the review in the context of what 
is already known. Explain why the review 
questions/objectives lend themselves to a scoping review 
approach. 

2-3 

Objectives 4 

Provide an explicit statement of the questions and objectives 
being addressed with reference to their key elements (e.g., 
population or participants, concepts, and context) or other 
relevant key elements used to conceptualize the review 
questions and/or objectives. 

3 

METHODS 

Protocol and 
registration 

5 

Indicate whether a review protocol exists; state if and where 
it can be accessed (e.g., a Web address); and if available, 
provide registration information, including the registration 
number. 

4 
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SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

Eligibility criteria 6 
Specify characteristics of the sources of evidence used as 
eligibility criteria (e.g., years considered, language, and 
publication status), and provide a rationale. 

5 

Information 
sources* 

7 

Describe all information sources in the search (e.g., 
databases with dates of coverage and contact with authors 
to identify additional sources), as well as the date the most 
recent search was executed. 

4 

Search 8 
Present the full electronic search strategy for at least 1 
database, including any limits used, such that it could be 
repeated. 

Appendix A 

Selection of sources 
of evidence† 

9 
State the process for selecting sources of evidence (i.e., 
screening and eligibility) included in the scoping review. 

4-5 

Data charting 
process‡ 

10 

Describe the methods of charting data from the included 
sources of evidence (e.g., calibrated forms or forms that have 
been tested by the team before their use, and whether data 
charting was done independently or in duplicate) and any 
processes for obtaining and confirming data from 
investigators. 

5; Table 1 

Data items 11 
List and define all variables for which data were sought and 
any assumptions and simplifications made. 

5 

Critical appraisal of 
individual sources 
of evidence§ 

12 

If done, provide a rationale for conducting a critical 
appraisal of included sources of evidence; describe the 
methods used and how this information was used in any 
data synthesis (if appropriate). 

n/a 

Synthesis of results 13 
Describe the methods of handling and summarizing the 
data that were charted. 

5 

RESULTS 

Selection of sources 
of evidence 

14 
Give numbers of sources of evidence screened, assessed for 
eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally using a flow diagram. 

5; Figure 1 

Characteristics of 
sources of evidence 

15 
For each source of evidence, present characteristics for 
which data were charted and provide the citations. 

5-7 

Critical appraisal 
within sources of 
evidence 

16 
If done, present data on critical appraisal of included 
sources of evidence (see item 12). 

na 

Results of 
individual sources 
of evidence 

17 
For each included source of evidence, present the relevant 
data that were charted that relate to the review questions 
and objectives. 

5-7 

Synthesis of results 18 
Summarize and/or present the charting results as they relate 
to the review questions and objectives. 

5-7 

DISCUSSION 

Summary of 
evidence 

19 

Summarize the main results (including an overview of 
concepts, themes, and types of evidence available), link to 
the review questions and objectives, and consider the 
relevance to key groups. 

7-10 

Limitations 20 Discuss the limitations of the scoping review process. 10 

Conclusions 21 
Provide a general interpretation of the results with respect 
to the review questions and objectives, as well as potential 
implications and/or next steps. 

10 

FUNDING 

Funding 22 

Describe sources of funding for the included sources of 
evidence, as well as sources of funding for the scoping 
review. Describe the role of the funders of the scoping 
review. 

11 

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews. * Where sources of evidence (see second footnote) are compiled from, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 October 2025 doi:10.20944/preprints202509.2543.v2

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2543.v2
http://creativecommons.org/licenses/by/4.0/


 11 of 13 

 

such as bibliographic databases, social media platforms, and Web sites. † A more inclusive/heterogeneous term 
used to account for the different types of evidence or data sources (e.g., quantitative and/or qualitative research, 
expert opinion, and policy documents) that may be eligible in a scoping review as opposed to only studies. This 
is not to be confused with information sources (see first footnote). ‡ The frameworks by Arksey and O’Malley (6) 
and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the process of data extraction in a scoping review 
as data charting. § The process of systematically examining research evidence to assess its validity, results, and 
relevance before using it to inform a decision. This term is used for items 12 and 19 instead of ʺrisk of biasʺ 
(which is more applicable to systematic reviews of interventions) to include and acknowledge the various 
sources of evidence that may be used in a scoping review (e.g., quantitative and/or qualitative research, expert 
opinion, and policy document). From: Tricco AC, Lillie E, Zarin W, OʹBrien KK, Colquhoun H, Levac D, et al. 
PRISMA Extension for Scoping Reviews (PRISMAScR): Checklist and Explanation. Ann Intern Med. 
2018;169:467–473. doi: 10.7326/M18-0850. 
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