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ABSTRACT 

Sustained stress exposure has long been known to be linked with multiple chronic 

diseases, detrimental mental health outcomes, and a poor quality of life. Occupational stress, 

especially its relationship with physiological responses, has not been as researched until recent 

years. The objective of the first study included in this dissertation was to gain an understanding 

of how the COVID-19 pandemic affected occupational stress in a variety of career fields. The 

rationale for this effort was to determine 1) which aspects of these careers was related with a 

noticeable amount of stress and 2) which career fields to target in future occupational stress 

research. While stress had naturally picked up in every career field, due to the existence of the 

global pandemic permeating all aspects of life, certain sectors were affected to varying degrees. 

Healthcare, for instance, experienced a large increase in stress due to the pandemic. For this 

reason, this sector was the focus of the final study once methodology validation occurred in the 

second study. Methodology validation in the second study entailed evaluating the relationship 

between subjective occupational stress exposure as documented in stress diaries and fluctuations 

in salivary cortisol levels collected through multiple saliva samples provided over the course of 

multiple working days. 

Overall, this dissertation consists of three studies (Study A – C). In Study A, a cross 

sectional survey was employed which was used to determine some of the occupational stress 

trends seen in multiple working sectors during a global pandemic. For instance, although some 

occupational stress trends rang true for all work sectors investigated, other trends were more 

specific to certain career fields, such as healthcare seeing noticeable increases in workloads to 

the greatest degree. On the other hand, all investigated industries found time management 



ii 

difficult during the pandemic which was again seen, in some regards, during the successive two 

studies.  

 Study B provided methodology validation regarding the use of self-administered saliva 

sample collections in conjunction with work stress diaries while simultaneously collecting 

information on the various occupational stressors seen in multiple careers represented in the 

general working population that served as the study population. Here, it was clear that, although 

the healthcare industry represented a minority of the participants, they provided nearly half of the 

intense stressors documented within the work stress diaries, demonstrating the higher stress seen 

in this career field that a variety of others.   

 Lastly, Study C focused specifically on a subsection of the healthcare industry: home 

healthcare workers. Unfortunately, no statistically significant relationship between fluctuations 

in salivary cortisol levels with levels of stress self-reported nor between fluctuations in salivary 

cortisol levels with exposure to air pollutants could be determined. However, future work which 

employs a greater number of participants, samples collected, or between quality air monitors 

may help to improve either of these relationships. 

 Overall, results showed that occupational stress had worsened due to the COVID-19 

pandemic, naturally affecting healthcare to a large degree. The novel methodology of allowing 

participants to collect multiple saliva samples throughout each study day to compare these to 

subjective stress levels appeared to have some merit, albeit in a small degree and in a general 

working population, though a much greater depth and breadth of research is warranted.  
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INTRODUCTION 

This dissertation presents results on 1) the evaluation of occupational stress during the 

COVID-19 pandemic in multiple sectors, 2) an assessment of how occupational stressor 

events might be related to the physiological response of changes in cortisol levels, and 3) a 

case study utilizing this stressor-response methodology on a population of home healthcare 

workers (HHCWs) in addition to evaluating how closely related air quality was to cortisol. 

This dissertation consists of three related studies (A-C), which are described in individual 

manuscripts. 

A. An Investigation into Occupational Related Stress of At-Risk Workers During 

COVID-19 

B. Stressed at Work: Investigating the Relationship between Occupational Stress and 

Salivary Cortisol Fluctuations 

C. Work Stress and Air Pollution Exposures to Home Healthcare Workers 

HYPOTHESES 

I. Healthcare, as a work sector, will be affected by occupational stress to a greater 

degree than other evaluated sectors following the start of the global COVID-19 

pandemic. 

II. There will be a positive and strong relationship between the occurrence of stressor 

events and increases in cortisol levels afterward. 

III. Salivary cortisol will be directly dependent on experiencing stress while taking 

diurnal fluctuations into account. 
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IV. Home healthcare workers will experience occupational stress that will correlate 

with increased salivary cortisol levels to a statistically significant degree (ρ < 

0.05). 

V. Air pollution data, such as PM2.5, will be correlated with cortisol data in a linear 

manner 

SPECIFIC AIMS 

1. Assess increased stress & work conditions experienced by workers from 

different sectors during the COVID-19 pandemic through a cross-sectional survey.    

2. Evaluate the feasibility of a longitudinal study of daily stressors using daily diaries 

and a biomarker of stress. Three consecutive days using a stress diary & multiple 

daily measures of salivary cortisol. 

3. Determine if the relationship between occupational stress exposure and salivary 

cortisol levels hold true specific to the home healthcare workforce.  

4. As an exploratory aim, determine if a relationship exists between the air pollution 

data collected by the HHCW study population and their respective cortisol levels. 

EXECUTIVE SUMMARY 

Stress has been associated with a variety of detrimental health outcomes in numerous 

way and is related to the death of 120,000 people in the U.S. each year due to multiple factors 

(Aro, 1984; Malamardi et al., 2015; Sun et al., 2011; Goh et al., 2015). The World Health 

Organization reports that 83% of the U.S. workforce suffers from work-related stress while 54% 

have stated work stress affects their home life (WHO, 2023). The importance of mitigating work 

stress has been gaining notoriety over the last few years to the point that the U.S. Occupational 
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Safety and Health Administration (OSHA) has created a webpage to provide training resources 

and outreach materials on the topic (OSHA, 2022).  

The long-term goal of this dissertation consisting of three studies (A-C) was to determine 

how occupational stress was affected by the COVID-19 pandemic and to seek quantitative 

metrics which could indicate ways in which occupational stress should be reduced. Occupational 

stress not only affected the physical health of the worker, but can affect company’s performance 

as well. According to a recent Gallup poll, those who stated their overall mental health was “fair” 

or “poor” tended to miss nearly 12 workdays per year compared to those who stated their mental 

health was “excellent”, “very good”, or “good” who missed 2.5 days per year (Witters & 

Agrawal, 2022). If stressor events could be quantified based on their severity, it posses the idea 

that companies would be able to combat these greater stressors so as to improve overall morale, 

thereby improving their bottom line, as well. In one way, the overall goal of this dissertation was 

to see how various types of stressor events in the workplace could be quantified through the 

marrying of salivary cortisol values with the subjective stress levels assigned to events occurring 

most recently prior to a saliva sample being provided. 

Physiologically, cortisol is the body’s main stress hormone and is regulated by the 

hypothalamus-pituitary-adrenal (HPA) axis. Cortisol is typically released in the body through a 

diurnal pattern of highest in the morning to help awake the individual and then tapers off 

throughout the day to make it easier to fall asleep (Thau et al., 2022; Thomas et al., 2009). 

Experiencing stress, however, causes the HPA axis to release additional hormones, including 

cortisol. Prior literature has examined cortisol changes throughout the day, but lacking the 

implementation of a study tool like a diary inhibits the ability to pair an experience with a 
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quantitative chance in cortisol (Kunz-Ebrecht et al., 2004; Stalder et al., 2009; Wolf et al., 2005; 

Wright, 2011; Bruschini et al., 2018). 

In Study A (Chapter 1), we first explored how the COVID-19 pandemic affected the 

work stress present within multiple work sectors within the U.S. through the implementation of a 

cross-sectional survey. This was beneficial in that, while we provided a summary of the stress 

experienced by sectors including: manual labor, business/office service, education, and 

healthcare, this also allowed us to determine who best to target for future work stress research. 

The survey was distributed and available from October to November of 2021, roughly 18 months 

into the global pandemic. Results were analyzed via Kruskal-Wallis one-way analysis of 

variance (ANOVA) to find trends within the sectors.  

Our results found multiple trends, most notably that a slight majority of the study 

population experienced an increased workload since the onset of the pandemic. However, 80% 

of those specific to healthcare noted an increased workload. Similarly, 55% of the study 

population believed they could be exposed to the COVID-19 virus in their workplace, but this 

ranged from 52% of those in a business/office setting to 77% of healthcare workers. It was 

concluded that regardless of the specific stressor, it was found that many stressors could be 

exacerbated due to the occurrence of external factors such as a pandemic and it would be 

beneficial to employers to include the possibility of future pandemics into their emergency action 

plan (EAP).  

Having concluded that work stress exists in different forms depending on the type of 

employment, our next goal was to then determine the feasibility of a methodology in which a 

working population was provided with a work stress diary and multiple salivary sampling vials 

with which we could correlate one with another. In this regard, participants in Study B (Chapter 
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2) were given nine saliva sampling vials to collect three samples per three consecutive work 

shifts upon clocking in, the start of their lunch break, and the conclusion of their shift. 

Concurrently, they were provided with a work stress diary with sections to include the following 

information: time of day, intensity of stress (0-5), duration of stress, details of situation, 

triggering event (if applicable), emotional behavioral reactions, their occupation, and whether 

they would consider that day typical in their job. Upon the return of study materials, the saliva 

samples were analyzed via enzyme-linked immunosorbent assay (ELISA) to determine cortisol 

levels.  

Following statistical analyses, it was found that cortisol levels followed typical diurnal 

patterns overall, though there were deviations following documentation of stressor events 

contained within the participants’ diaries. When the data from all study participants was pooled 

together, the cortisol-stressor relationship was found to be statistically significant via linear 

regression analysis (ρ = 0.042). Additionally, a qualitatively portion was completed within this 

study where the documented stressors were compared between the studied working sectors. In 

this portion, we found that although those who worked in the healthcare industry only accounted 

for one-third of the study population, they reported 42% of the more severe occupational 

stressors experienced (level 3, 4, or 5 out of 5). Frequent emotional behavioral reactions to 

experiencing these stressor events included feelings of stress, frustration, anger, anxiety, or 

overwhelm. In this study, we not only found that occupational stress, including stress related to 

the pandemic, was seemingly worse in the healthcare industry than others, but also posited that 

targeting reductions in the workplace experiences related to the greater stressor levels could 

potentially improve morale within the workplace. 



xvi 

To expand upon the work stress trends experienced by healthcare workers, the 

research team then decided to investigate home healthcare and what occupational stress this 

working population experiences in Study C (Chapter 3). Based on the two previous studies, 

it was assumed the statistical relationships would be stronger than the previous, methodology 

validation study (i.e., Ha = linear regression of reported stress levels with cortisol levels 

where ρ < 0.042). Towards this aim, twelve home healthcare workers were recruited from the 

Greater Cincinnati area and was composed of a speech language pathologist, a medical social 

worker, a personal specializing in those with developmental disabilities, two registered 

nurses, four physical therapists, and three occupational therapists. Participants completed this 

study from January – March of 2023. 

Similar methods were employed as with Study B, though participants completed the 

study over the course of one full work week instead of three consecutive work days. 

Depending on whether participants worked four 10-hour days or five 8-hour days, each 

participant provided either a total of 12 saliva samples or 15 samples. Additionally, the self-

reported stress level for each diary entry was expanded from a 5-point Likert scale to a 10-

point scale to improve specificity. Lastly, as an exploratory aim, personal air quality monitors 

(Flow 2, Plume Labs Inc., Paris, France) were provided to each participant with the end goal 

of comparing the air pollutant levels participants were exposed to with their cortisol 

fluctuations.  

Unfortunately, for a variety of potential reasons, neither the stress levels from the 

diaries (ρ = 0.754), nor the air pollution data, held statistically significant relationships with 

the cortisol levels. There were, however, trends within the diaries themselves. Of all the 

stress diary entries, 40% of them were considered a greater stressor event (level 6 – 10). 
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Further, the lone speech language pathologist accounted for 18% of these greater stressor 

events. Common emotional behavioral reactions documented within the diaries again 

included feelings of frustration and anger, typically directed at situations. It was concluded 

that as there wasn’t much in the way of statistical findings to report, replicating the study for 

a larger duration, collection a greater number of samples, and / or recruiting a larger number 

of participants within the home healthcare career field might improve the veracity of the 

study.
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CHAPTER 1. AN INVESTIGATION INTO 

OCCUPATIONAL RELATED STRESS OF AT-RISK 

WORKERS DURING COVID-19 

INTRODUCTION 

Occupational-related stress is a global public and occupational health concern, 

contributing to many aspects of health disparities (Wieclaw et al., 2005; Soori et al., 2008; Sun et 

al., 2011; Kang et al., 2015; Malamardi et al., 2015). Such stress not only undermines the quality 

of life but is also a risk factor for hypertension, cardiovascular disease (CVD), and poor mental 

health outcomes (Belkic and Nedic, 2007; Sarafis et al., 2016; Hasan et al., 2018; Faraji et al., 

2019; Jin et al., 2019). Occupational-related stress costs American companies more than $300 

billion per year through a combination of health costs, absenteeism, and poor performance. 

(Center for the Promotion of Health in the New England Workplace, 2021). According to the 

American Institute of Stress (AIS, 2020), experiencing occupational stress is commonly caused 

by an overbearing workload, interpersonal issues, poor work-life balance, and lack of job 

security. Occupational stress has noticeably picked up since the onset of the global coronavirus 

disease 2019 (COVID-19) pandemic, especially among the first responders, healthcare workers, 

educators, and to a lesser extent, working from home (WFH) populations (Zhang et al., 2020). 

Additionally, a recent study found that more than half of the US workforce felt burned out and 

40% were considering changing jobs to resolve stress (Talkspace, 2021). While the influence of 

occupational-related stress on the health of workers is increasingly being recognized (Kinnunen-

Amoroso and Liira, 2014; Bruschini et al., 2018; Jukic et al., 2020; Doyle et al., 2021), relatively 
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little research has been conducted with a focus on how the ongoing pandemic has exacerbated 

these occurrences.  

Various industries were affected to different degrees after the onset of the pandemic, 

exposing some workers to different levels and types of occupational stress. For example, in 

addition to their regular work-related stress, home healthcare workers (HHCWs) often assume a 

large portion of irregular working hours, therefore their family and childcare responsibilities may 

be more likely to spill over into their work. Spillover of stress due to working conditions has 

been well documented, especially during the COVID-19 pandemic (Soubelet-Fagoaga et al., 

2021; Uddin, 2021; Gerding and Wang, 2022; Karataş et al., 2022). Regarding WFH 

populations, stress and burnout would further negatively impact those who may already be 

experiencing physical discomfort due to ergonomic problems, which have proven to be an issue 

since the onset of the pandemic (Gerding et al., 2021). Research involving occupational stress 

experienced by those who work in atypical settings (i.e., workload, job insecurity, role conflict, 

and physical demands) has demonstrated that work-related stressors are associated with greater 

depression, anxiety, and suicidality (Quick and Henderson, 2016). Additionally, COVID-19-unit 

ICU nurses were more than twice as likely to report lacking sufficient sleep and 3 times as likely 

to be planning to leave their current department but were nearly twice as likely to feel confident 

in their care for patients compared to their non-COVID-19 unit counterparts (Tamrakar et al., 

2021). Little work-stress research has been conducted with certain sub-sectors of typically high-

stressed workforces such as home healthcare workers, despite frequently experiencing a 

disproportionate share of exposure such as COVID-19 and annual influenza outbreaks (NIOSH, 

2019). The public safety sector who works in atypical working conditions like shift work and 

deals with traumatic experiences regularly may also have elevated stress (NIOSH, 2019). 



3 

Finally, there is a lack of understanding regarding stress for those who work from home 

(NIOSH, 2020).  

Research examining the relationship between work stress and health across industries is 

limited. Knowledge of work-related stress may be particularly salient in certain industries, which 

can contribute to health disparities among workers who are at risk of experiencing a greater 

degree of occupational stress. The objective of the study was to assess increased stress and work 

conditions experienced by workers from different sectors during the COVID-19 pandemic 

through a cross-sectional survey. 

MATERIALS AND METHODS 

Study Design and Survey Distribution 

The online survey was a cross-sectional evaluation of the subjective stressors experienced 

while working during COVID-19. The study was approved by the University of Cincinnati 

Institutional Review Board under protocol #2021-0681. The link to access the survey was 

distributed via email lists within National Institute for Occupational Safety & Health (NIOSH) 

and American Industrial Hygiene Association (AIHA) professional networks, as well as social 

media (LinkedIn and Facebook), who were then encouraged to share the survey with others in 

their circles who may be experiencing stress due to the pandemic. The survey was developed in 

REDCap (Vanderbilt University, Nashville, TN) and was available to complete online from 8 

October 2021 through 15 November 2021. By this time, no city/state government continued to 

have a stay-at-home order in place, however, employers may have continued with a work-from-

home approach depending on the job or industry. Additionally, a range of employers had begun 

requiring COVID-19 vaccinations by this point (i.e., i.e., healthcare and government).  
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A majority of questions were taken from validated work-stress questionnaires used in 

previously published work, one from NIOSH, directly (NIOSH, 1999; Holmgren et al., 2009). 

The survey questions were then edited to focus specifically on working conditions since the 

pandemic began (i.e., altering “Has your workload increased?” to “Has your workload increased 

since COVID-19?” with a follow-up question “If yes, do you perceive that as stressful?” 

appearing if the respondent answered “Yes” to the former). The full list of survey questions can 

be found in the Supplementary Materials online; there were up to 71 questions for participants to 

respond to (only if responses triggered all follow-up questions possible via branching logic). 

Four participants were drawn at random to receive a $25 gift card as appreciation for completing 

the survey.  

The survey inquired about (i) demographic information: gender, age, and race; career 

path, years in a career, (ii) working conditions: irregular working hours, work pace, (iii) living 

conditions: work/life boundaries, sleep difficulty, social time, recreation time, change in weight, 

and if there are children or elderly that live with the participant and receive care from the 

participant, (iv) how COVID-19 affected employment: loss of employment, increased workload, 

time to finish work assignments since beginning of pandemic and time management, workplace 

communication, workplace conflict, WFH, lack of commuting, access to work supplies, 

increased exposure potential to COVID-19, quarantine, and (v) how the employer has acted: 

compensated fairly, adequate COVID-19 policy, adequate personal protective equipment (PPE), 

and presence of a vaccination policy. Questions were then triggered through branching logic to 

inquire about the level of stress experienced based on the response of the participant. For 

example, if a participant responded they lost or changed their job due to COVID-19, the question 

“Did you experience increased stress levels due to a loss or change in job?” appeared. If the 
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participant responded they did not lose or change their job, the follow-up question did not appear 

and is accounted for as “N/A” within responses to follow-up questions. Possible stress-related 

answer options were rated “not stressful at all,” “somewhat stressful,” “stressful,” and “very 

stressful” as appropriate.  

Study Population  

The survey was available to individuals currently employed and 18 years of age or older. 

The job options included in the survey were determined to be too numerous, and were 

consolidated into four categories: business/office service, manual labor, education, and 

healthcare for analysis. Business/office services included: sales, real estate, finance and 

insurance, software or IT service, telecommunications, broadcasting, publishing, legal services, 

scientific or engineering services, religious, and arts, entertainment, and recreation. Labor 

included: agriculture, forestry, fishing, and hunting, mining, construction, manufacturing, 

utilities, transportation and warehousing, military, and hotel/food services.  

Data Analyses  

Descriptive statistics were computed for each survey question, including the number and 

percentage of individuals who responded. Statistical analyses consisted of univariate correlations 

of all occupational stressors and their respective responses and a Kruskal–Wallis one-way 

analysis of variance test to determine whether responses about stressors varied between job 

categories. All statistically significant relationships found through the Kruskal–Wallis test, as 

defined by a P-value ≤ 0.05, were then developed into frequency charts and are presented within 

the results section.  
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Finally, the overall degree of stress the entire study population reported was compared 

using the composite scoring methodology. For instance, in a follow-up question asking the 

participant if they viewed a workplace change due to COVID as stressful, answer options were 

listed as “not stressful at all,” “somewhat stressful,” “stressful,” and “very stressful” which were 

then coded as 1, 2, 3, and 4, respectively. The number of responses selected in a given option 

was then multiplied by the associated number, and the four products were then added together 

and divided by the total sample population asked this question. 

RESULTS  

Survey Respondents  

In total, 676 individuals completed surveys about their occupational stress in relation to 

the ongoing COVID-19 pandemic (see Table 1-1). Most respondents were either within the 

business/office service (n = 298) or manual labor industries (n = 252), followed distantly by 

education (n = 69), healthcare (n = 51), and “other” (n = 6), which accounted for anyone not 

working in the four former options. Due to the extremely small sample size in the “other” 

category, these respondents were omitted from frequency analysis, resulting in 670 total 

submissions. A majority of the respondents were male (n = 444, 66.3%). A large majority of the 

survey population was 39 years of age or under (n = 551, 82.2%). Regarding race, a large 

majority of respondents were white (n = 457, 68.2%), followed distantly by American 

Indian/Alaska Native (n = 78, 11.6%), black or African American (n = 53, 7.9%), 

Hispanic/Latino (n = 35, 5.2%), Asian (n = 24, 3.6%), Native Hawaiian/Pacific Islander (n = 18, 

2.7%), or multi-racial (n = 2, 0.3%).  
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Participants’ number of years of experience in their career showed a large majority of 

respondents were either in a manual labor or business/office service-related industry with 15 

years of experience or less (31.3% and 39.3%, respectively). The overall number of individuals 

sharply waned as the years of experience in their industry increased as 8.5% reported 16–25 

years, 5.7% reported 26–35 years, and 0.6% reported more than 35 years of experience. Within 

each industry category, workers were predominantly more concentrated at 25 or less years of 

experience with only 6.3% of individuals with 26–35 years of experience.  

Survey Response Frequencies  

The Kruskal–Wallis test identified fourteen questions related to stress that had 

statistically significant differences among the job categories (Table 1-2).  

Irregular working hours or working night shift was concentrated among manual labor and 

business/office service workers, but a majority of each type of industry involved irregular hours 

or night shifts at least sometimes: manual labor (86.9%), business/office service (72.5%), 

education (56.5%) and healthcare (84.3%). Overall, 77.2% of all individuals surveyed worked 

irregular hours or night shifts at least sometimes. 

As shown in Figure 1-1A, roughly one-half of the entire study population reported an 

increase in workload since COVID-19 started, but this was not reported equally among the job 

categories. Eighty percent of respondents in healthcare reported an increased workload, while 

only 44% of respondents in business/office service reported an increased workload.  

A majority of respondents (85.8%) had the ability to decide their work pace at least 

sometimes. When stratified by industry, the largest portion of workers who never had the ability 

to decide on their work pace were those in healthcare at 35.3% of healthcare workers while the 
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smallest portion belonged to education (10.1%). As shown in Figure 1-1B, an overwhelming 

majority reported they had enough time to finish work assignments since COVID-19 started, at 

least sometimes (85.5%). Upon stratification, only about half of all survey participants reported 

always having enough time to finish work assignments, with 56.0% of manual labor workers, 

55.1% of education workers, 49.6% of business/office service workers, and 29.4% of healthcare 

workers.  

Video conferencing software usage for work was reported to be frequently utilized by the 

majority of respondents (68.5%), and the software identified included Zoom, WebEx, or 

Microsoft Teams. Differences between industries were found with manual labor at 64.3%, 

business/office service at 71.1%, and education at 85.5% rating “frequently used video 

conference software,” only 51.0% of those in healthcare stated the same.  

The percentage of respondents in each job category who worked from home varied 

(Figure 1-2A). Overall, 37.8% of respondents were required to work from home, while 23.6% 

voluntarily worked from home, and 38.7% did not work from home at all. Nearly half of the 

healthcare workers (45.1%) volunteered or were required to work from home during COVID-19. 

Among manual labor workers, half (50.4%) were able to work from home while more than two-

thirds of business/office service workers (70.1%) were able. Only one-quarter of education 

workers (24.6%) did not work from home due to the pandemic.  

If the respondents stated they worked from home, they were then asked if they felt their 

job performance changed since beginning to work from home (Figure 1-2B). Overall, 22.1% 

stated they experienced an increase in job performance since beginning to work from home. 

Alternatively, 23.7% experienced decreased job performance while 9.4% did not experience any 

change. Industry fluctuations included 22.2% of manual labor workers experiencing increased 
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performance, while 19.4% had decreased performance. Additionally, 23.5% of business/office 

service workers experienced an increase while 28.9% experienced a decrease. Respondents who 

worked from home were also asked if they felt their time management abilities suffered while 

WFH. A majority of those who work from home (59%) reported finding task management 

difficult while WFH. Finally, while examining each industry individually, a majority of those 

asked this question in each industry found time management harder while WFH besides 

healthcare (manual labor: 68.4%, business/office service: 57.9%, education: 59.5%, and 

healthcare: 23.5%).  

Unsurprisingly, the only industry in which a majority of respondents stating their job 

directly involved dealing with COVID-19 was healthcare. Here, 70.6% of healthcare workers 

responded their job involved COVID-19, such as taking care of “high-risk” patients or entering 

“high-risk” places, followed by 39.7% of manual labor workers, 36.9% of business/office service 

workers, and 30.4% of education workers. Overall, 39.9% of all survey respondents chose “yes” 

to this question.  

As shown in Figure 1-3A, healthcare had a large majority of participants responding in 

the affirmative in that they believed they could potentially be exposed to the SARS-CoV-2 virus 

at their workplace. In fact, all industries had at least a slim majority of respondents stating they 

believed they could be exposed to the virus (manual labor: 54.0%, business/office service: 

51.7%, education: 53.6%, and healthcare: 76.5%). When examining the entire study population 

as a whole, 54.6% believed they could be exposed to COVID-19 in their workplace.  

More than two-thirds of the respondents stated there was a mandated vaccination policy 

in place (70.6%, Figure 1-3B), and the percentage of respondents reporting this was similar 

across the job categories (62.7–73.9%).  
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A majority of all participants in each industry stated it was difficult to spend time with 

friends and relatives due to social distancing and travel restrictions at least sometimes. As a 

whole, 36.6% stated it was always hard to find time, 39.6% stated it was sometimes hard to find 

time, and 23.9% stated it wasn’t hard at all to find the time. Within each industry, only a majority 

of those within the healthcare industry claimed that it was always hard 58.8% while the slight 

majority of the remaining categories claimed that it was only “sometimes” difficult to spend time 

with friends and family. Within the manual labor workers, 35.3% stated it was always hard while 

36.5% stated it was sometimes hard. Regarding business/office service workers, 33.9% stated it 

was always hard while 42.3% stated it was sometimes hard. In education, 36.2% shared it was 

always hard while 47.8% said it was sometimes hard. Although about half the respondents did 

not have children living with them (49.7%), a follow-up question asking whether there were 

children 19 years old or older living with the individual was found to be statistically significant. 

When focused on the populations who had adult children living at home, healthcare workers had 

adult children living with them much more frequently than manual labor, business/office service, 

or education workers, at a rate of 9.8% with 1 adult child and 7.8% with three or more adult 

children living at home.  

Finally, a majority of all participants with children (n = 283) stated childcare distracted 

them from their work at least somewhat (79.2%), regardless of industry. Although the majority 

response within each industry maintained childcare distracted from work at least somewhat, this 

percentage differed between each type. Regarding manual labor workers with children, 83.7% 

stated childcare distracted them from their work. Within business/office service workers with 

children, 80.6% stated childcare distracted them from their work. Nearly three-fourths of 

education workers with children (72.4%) stated childcare distracted them at least somewhat. 
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Finally, a slight majority of healthcare workers with children (57.1%) responded childcare was at 

least somewhat distracting.  

Finally, composite scores marking the degree of stress experienced related to the various 

workplace attributes can be found in Table 1-3. The higher the composite score, the more 

individuals from the sample population experienced a greater degree of stress due to the 

respective attribute. The most predominant factor subjectively causing stress in the sample 

population was associated with working irregular hours or night shifts with a composite score of 

3.05. Other experiences commonly deemed stressful in one’s workplace included a loss or 

change in job (2.59), difficulty communicating and relying on coworkers (2.59), involvement in 

workplace conflicts since COVID-19 (2.59), and the perception of potentially being exposed to 

SARS-CoV-2 in the workplace (2.56). Alternatively, the workplace factors that were the least 

frequently reported as a source of stress included both the presence and the absence of a 

mandated vaccination policy (1.89 and 2.14, respectively), attending many virtual meetings 

(1.96), decreased job performance while WFH (2.15), and working after the individual’s normal 

working hours (2.17). 

DISCUSSION 

The results show that although only about half of the respondents noted an increased 

workload since the pandemic began, there were noticeable trends in stress factors and COVID-

related concerns correlating with stress seen in the study population. A majority within all 

industries accounted for reported the possibility of being exposed to COVID in the workplace. 

This increase in stress could certainly be explained by the strength and quantity of correlations 

between stress factors and various ways the pandemic has impacted workplaces of all types such 
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as increased workloads, poor occupational autonomy, and the blurring of the line between one’s 

work-life and home life (see Table 1-2). Work conducted prior to the pandemic had already 

shown that a noticeable concentration of workers considered their job very or extremely stressful 

(40.0%), were burnt out (26.0%), or were very stressed at work (29.0%) (NIOSH, 1999). Since 

the onset of the pandemic, however, various reasons for stress and burnout materialized. 

Working irregular hours or night shift work was common in many industries, especially manual 

labor workers (86.9%), healthcare workers (84.3%), and business/office service workers (72.5%) 

although it was not inquired whether or not the irregular working hours began as a result of the 

pandemic. Frequent use of video conferencing was found in all industries inquired, and a third of 

all respondents felt time management was harder while WFH. There were trends found between 

the data gathered in this study as well as some of the common sources of occupational stress 

such as interpersonal issues, struggling to maintain a work/home life balance, or a lack of job 

stability (Center for the Promotion of Health in the New England Workplace, 2021; Gerding et 

al., 2021; AIS, 2020; Gerding et al., 2021). Composite score analysis presented the common 

mean values provided by all respondents regarding stress-related inquiries ranging from time 

management to childcare needs. Prior research has shown a variety of factors related to stress 

following the sudden work-from-home transition experienced at the beginning of the pandemic, 

such as the age of the worker, glare on the work surface, using laptop keyboards as opposed to 

external keyboards, family-work conflict, and lacking colleague support (Oakman et al., 2020; 

Galanti et al., 2021; Gerding et al., 2021). However, those who work irregular hours or the night 

shift were not without job stressors of their own. This question had the highest related composite 

score associated. On average, nearly all of the questions related to the individual’s stress had a 

composite score greater than 2.0 (Table 1-3), except for attending many virtual meetings (1.96) 
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and stress related to the presence of a mandated vaccination policy (1.89). Many of these 

stressors have been recognized prior to COVID-19 (Hasan et al., 2018; Zhang et al., 2020; Doyle 

et al., 2021). Finally, besides the loss of a job, other greater stressors related to COVID-19 based 

on the composite scores included believing you might be exposed to the virus in the workplace 

(2.56), stress related to quarantining due to either testing positive or being exposed to someone 

who tested positive (2.55), or stress related to direct involvement with the virus through caring 

for “high-risk” patients or entering “high-risk” places (2.49), especially common within the 

healthcare sector. As the study presented here was a cross-sectional analysis investigating 

potential relationships between occupational stressors and pandemic-related stressors, one may 

not determine the causation, simply the correlation, of these factors. While it’s not possible to 

evaluate whether those stressed due to COVID were stressed at work for other reasons prior to 

the pandemic, it is clear many of these stressors were felt at the present time. Determined 

through the statistical analysis presented, it appears if an employer were to increase their stance 

on COVID by requiring vaccinations and implementing preventative measures, especially 

protecting the elderly and immunocompromised (Patel et al., 2021), workplaces may feel more 

secure to the worker and positive effects may ripple through, improving workers’ professional 

relationship with their supervisors and the companies with which they work. Employers 

increasing the availability of PPE such as masks or cleaning materials such as hand sanitizer or 

surface disinfectant, may encourage workers to feel more comfortable in the workplace and less 

stressed. This had been seen previously where anxiety was lowest among site-based workers who 

felt their workplace infection control programs and PPE were adequate (Smith et al., 2020).  

However, the employer’s ability to prevent the spread of COVID-19 while working was 

not the only occupational factor related to careers and stress during the pandemic. For example, 
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those who changed jobs due to a loss of employment might have also experienced an increased 

workload in their new position. Not only would these individuals have to experience the mental 

stress and upheaval of their normalcy through losing their source of income, but they then 

encountered a greater level of workload in the new occupation they secured. Secondly, those 

who were not allowed to decide on the pace of their work are also more likely to work irregular 

hours such as at night, and were more likely to stress over their workload which was previously 

commonly seen with those who worked in the healthcare industry (Kinnumen-Amoroso & Liira, 

2014; Kang et al., 2015; Jin et al., 2019).  

Finally, one must remember people experience stress over more than simply occupational 

factors. As the pandemic spread throughout the world towards the beginning of 2020, the social 

distancing and travel restrictions that were implemented overnight discouraged many from 

seeing friends and family without the assistance of web conference software (Burn and 

Mudholkar, 2020; Cindrich et al., 2021). Worse yet, those who were already WFH were more 

likely to experience web conference burnout through frequent use of the software (Gerding et al., 

2021). Using these programs to socialize may also be part of the reason why these individuals 

found it hard to set a boundary between work and social time. Familial stress, such as caring for 

children, was also a notable distraction from work, especially if one were to work from home. 

These individuals struggled with time management, finding time for socializing and recreation, 

and struggled to create a set boundary between work and the rest of their life.  

Limitations and future work  

The survey utilized in this study was distributed through NIOSH professional networks 

such as National Occupational Research Agenda (NORA) councils, Education Research Center 
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(ERC) network, and AIHA Catalyst. For this reason, the findings of this study may not 

completely reflect general workers’ perception of work-related stress, but rather provide insight 

into common concerns regarding stress during the time of the global pandemic. Furthermore, 

socioeconomic status was not inquired of within the survey which could have provided a better 

understanding of the occurrence of stress in our results due to variations in socioeconomic-

related stressors experienced by some due to their level of income. While 676 respondents 

completed the survey, and this was more than initially anticipated, a greater sample size could 

have provided more generalizable results.  

The survey captured the perceptions of the respondents, and this is thus subject to 

potential bias based on perceptions of occupational descriptors and the degree to which they 

trigger stress. Perceptions of occupational stress compared to retrospective levels of stress 

experienced prior to the onset of the pandemic may leave room for recall bias as it can be 

difficult to gauge “how much” one is stressed currently in the workplace compared to how one 

felt in a similar setting, albeit two years prior and no pandemic. Future work should investigate 

the levels to which employees may experience occupational stress during COVID through such 

means as collecting salivary cortisol during working days in a longitudinal format with regard to 

typical circadian rhythm (Hansen et al., 2009). Through this effort, it might be more sufficiently 

determined who could be the most stressed working population through biomonitoring methods 

instead of simply relying on personal recall.  

Although a majority of inquiries made were focused on what the respondent was 

currently experiencing, some questions asked the respondent to compare their current feelings 

and experiences with those prior to the onset of the pandemic. For this reason, a control group 

for this study could not be assigned. It is likely, however, that planned changes in employment or 
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work arrangements would help to alleviate occupational stressors currently being experienced 

and including pandemic preparations in an organization’s emergency action plan (EAP) may 

prove beneficial going forward. 

CONCLUSIONS  

The results from this study showcase the apparent levels of stress experienced by a 

variety of working populations within the US during the ongoing COVID-19 pandemic. These 

at-risk working populations included those in manual labor, business/office service, education, 

healthcare, and “other” which accounted for the remaining respondents. Noticeable levels of 

stress following the onset of the pandemic were reported in all industries inquired, especially in 

those who believed they could be exposed to COVID-19 or experienced a change in 

employment. In addition to the stressors already present in the workplace, the pandemic has 

created newfound obstacles such as increased workloads (e.g., healthcare), web conference 

burnout for those WFH, juggling childcare with work, especially in manual labor & 

business/office service, and time management issues present in all industries. Employers need to 

ensure their workforce has both the proper practices to combat the SARS-CoV-2 virus as well as 

the resources to reduce stress caused by both regular work-related and pandemic-related stress. 
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CHAPTER 2. STRESSED AT WORK: INVESTIGATING 

THE RELATIONSHIP BETWEEN OCCUPATIONAL 

STRESS AND SALIVARY CORTISOL FLUCTUATIONS 

INTRODUCTION 

Work-related stress is a common occupational health concern and contributor to many 

aspects of health disparities, both in the United States and abroad (Aro, 1984; Malamardi et al., 

2015; Kang et al., 2015; Sun et al., 2011; Soori et al., 2008; Wieclaw et al., 2005). Exposure to 

chronic stress has been related to a variety of possible disease outcomes including cardiovascular 

disease (CVD), hypertension, and poor mental health outcomes (Belkic & Nedic, 2007; Jin et al., 

2019, Faraji et al., 2019; Hasan et al., 2018; Sarafis et al., 2016). Occupational stress has been 

historically associated with interpersonal issues with co-workers or supervisors, poor work–life 

balance, poor job security, and overbearing workload stress (American Institute of Stress, 2021). 

This stress has also been exacerbated by the COVID-19 pandemic. Recent literature has found a 

majority of individuals experienced an increased workload due to the pandemic, and a majority 

also believed they could have potentially been exposed to COVID-19 in their workplace 

(Gerding et al., 2022). Further, certain career fields have been affected to different degrees 

regarding the pandemic. For example, while about two-thirds of the total participants from a 

recent study stated their workload increased since COVID-19, and 55% believed they could be 

exposed to the virus in the workplace, nearly 80% of healthcare workers stated concerns of 

workload and workplace exposure when stratified by industry (Gerding et al., 2022).  
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Research on occupational stressors experienced by those working in abnormal settings 

has shown work-related stressors are associated with greater rates of depression, anxiety, and 

suicidality (Quick & Henderson, 2016). Further, during the COVID-19 pandemic, COVID-19-

unit ICU nurses were more than 200% as likely to lack sufficient sleep and 300% as likely to be 

planning to leave their current department compared to their counterparts (Tamrakar et al., 

2021). Little research has been performed on work-stress within certain sub-sectors of high-

stress workforces, such as home healthcare workers (HHCWs), despite frequently experiencing a 

disproportionate share of exposure such as during COVID-19 and annual influenza outbreaks 

(NIOSH, 2019). Finally, little time has been spent studying stressors of those who work in a 

home office setting (NIOSH, 2020). Gaining knowledge on work-related stressors may be 

particularly beneficial to help towards understanding health disparities experienced by workers.  

Workforces already vulnerable to excess stress faced additional stressors due to the 

pandemic. “Essential workers”, including home healthcare workers (HHCWs), worried about 

possible exposure in addition to their typical stressors. Although home healthcare is considered 

one of the fastest growing subsectors of healthcare and is more apt to encounter disproportionate 

shares of various exposures, it remains an understudied branch of healthcare (NIOSH, 2019; 

Bien et al., 2020; Qiao et al., 2018). Additionally, office workers, who have been an 

understudied group regarding occupational stress, faced occupational issues of their own as 

many were sent to work from home with nothing more than a laptop at their kitchen tables 

(NIOSH, 2020; Gerding et al., 2021). Most individuals surveyed also noted increased levels of 

tiredness and stress since working from home (Gerding et al., 2021).  

Measuring cortisol changes may provide insights into types of occupational stressors and 

how these may be minimized. As the body’s main stress hormone, cortisol is regulated by the 
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hypothalamus–pituitary–adrenal (HPA) axis, which releases the hormone each day, following a 

circadian rhythm with levels typically highest in the morning and tapering off throughout the day 

(Thau et al., 2022; Hansen et al., 2006; Björntorp & Rosmond, 2000; Kirschbaum & 

Hellhammer, 1994; Thomas et al., 2009). However, additional cortisol may be produced due to 

external stress exposure to scenarios such as shift work, nature of the work, and organizational 

characteristics of work (i.e., high work demand or conflict with others), resulting in an increased 

heart rate and respiratory rate (Diez et al., 2011; Lindholm et al., 2012; Bauer et al., 2009). 

Chronically high cortisol levels can lead to altered immune system responses and digestive 

system suppression as cortisol stifles what the body considers non-essential functions during 

high stress scenarios (Vining et al., 1983). Previous literature has found that serum unbound 

cortisol concentration is a more immediate measure of cortisol levels, as salivary cortisol 

concentration increases more rapidly as serum cortisol-binding globulin becomes saturated, 

although this delay was less than five minutes (Hellhammer et al., 2009). However, due to the 

simple and less invasive, salivary cortisol is still the recommended methodology within 

longitudinal, community-based studies as this has been found to be directly proportional to 

serum sampling and correlated well with adrenal function in tests of circadian variation 

(Hellhammer et al., 2009; Metzenthin et al., 2009). As an individual is subjected to a variety of 

stressors throughout the day, these increases in cortisol levels could potentially be quantified, 

thereby correlating them to the stressor events. Upon quantification and characterization of 

psychological stress based on these biomarkers, it could be determined what scenarios may be 

deemed the most stressful in the workplace in conjunction with subjective exposures so 

employers would work towards minimizing the potential of their occurrence through targeted 
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prevention policies (Kunz-Ebrecht et al., 2004; Stalder et al., 2009; Wolf et al., 2005; Wright, 

2011; Bruschini et al., 2018).  

While the influence of occupational-related stress on the health of workers is increasingly 

being recognized (Kinnunen-Amoroso & Liira, 2014; Richman, 1992; Beaton & Murphy, 1993; 

Doyle et al., 2021; Jukic et al., 2020; Eller et al., 2006), to date, relatively little research has been 

conducted with a focus on longitudinal salivary cortisol collection in conjunction with the 

documentation of daily stressor events. One study, by Eller et al. (2006), used survey response 

answers to describe participants, i.e., age, smoking status, children, and work-related questions, 

to name a few, but the lack of a diary limited the ability to truly connect cortisol fluctuations 

with what the participant was exposed to at a given time, on a given day. In essence, this study 

was able to describe the degree of stress someone in a specific field experienced, but they were 

not able to explain what could have triggered that increase in cortisol to occur (Rocha et al., 

2013). Another study, focused on work stress in nursing, found that average cortisol levels on 

workdays were 60% higher than during off days and stress scores were lower based on 

completed surveys (Sanger et al., 2014). Here, again, though, potential reasons for the increases 

in cortisol levels were not studied during those working days. The ability to determine one’s 

cortisol levels following various stressor events could help to gain a greater understanding of 

what occupational scenarios quantitatively cause a greater level of stress in the individual. 

Furthermore, the COVID-19 pandemic highlighted how stress and external factors may 

negatively impact the mental well-being of the workforce. Although the world may be 

progressing out of the pandemic, mental health, i.e., stress and its causal factors, should clearly 

be given a similar level of importance as with the physical hazards present in the workplace to 
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continually improve working conditions and to make sure employees are able to return home at 

the end of each day in the same condition in which they arrived.  

The present study’s goal was to determine the degree of correlation between occupational 

stress and fluctuations in salivary cortisol, the most non-invasive approach to monitoring one’s 

cortisol levels, to physiologically characterize the impact of perceived stress experienced while 

working. No known study has been performed which used a work stress diary in addition to real-

time saliva sampling by the participant in a working capacity instead of cortisol sampling within 

a clinical setting.  

MATERIALS AND METHODS 

 Sampling Strategy  

Fifteen participants were recruited for this mixed nature, descriptive, and transversal 

study through convenience sampling via email and social media for this study, which was 

approved by the University of Cincinnati Institutional Review Board under protocol #2021-0681, 

ensuring the scientific design, methodology, study procedures, participant population, 

recruitment procedures, and consent processes all adhered to the code of ethics. Emails were 

concentrated on participants of a recent occupational stress study completed by the authors. 

Exclusion criteria included smoking status, lacking full-time employment, and diagnosis of 

Cushing’s Syndrome (a disorder affecting cortisol production). As individuals were recruited, 

each was given a work stress diary, sampling log, study protocol, and nine saliva sampling vials 

(Salimetrics, State College, PA, USA) in a cryostorage box (Salimetrics, State College, PA, 

USA). During three consecutive working days, participants were asked to document anything 

causing stress during working hours within the diary which included sections for occupation (i.e., 
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nurse), date, time of day, intensity of stress on a 0–5 (none– highest) scale, stress duration, 

situation description, triggering event, if applicable, and any emotional behavioral reaction. They 

were also asked to describe whether the day would be considered typical of their job.  

Concurrently, participants provided three saliva samples per day: once at the start of their 

shift, once at the start of the lunch break, and once at the end of their shift. It was initially 

planned to provide a stricter sampling schedule (i.e., 8:00, 12:00, and 4:00, for example), but was 

decided against to be as inclusive as possible to those who worked night shift or other schedules, 

such as three twelve-hour shifts or four ten-hour shifts per week. Participants were encouraged to 

use the small cryostorage box to keep samples organized and refrigerated within the refrigerator 

in their workplace, or home if they worked from home. Sampling logs were used to document 

the identification number of the sample vial and time/date when the sample was taken. Following 

the third sampling day, study materials were returned for enzyme-linked immunosorbent assay 

(ELISA) analysis. Participation in the study occurred from March through to April of 2022. 

Preliminary power calculations found that a total of 135 samples (fifteen participants providing 

three samples per day) was sufficient in conjunction with an α error probability of 0.05 and a 

power of 0.80 towards the completion of a two-way ANOVA.  

Salivary Cortisol Analysis  

As the participants returned the study supplies, all saliva samples were stored in a freezer 

set at −20 ◦C until there were four participants’ samples which would fill the 96-well plate in 

addition to the necessary standards, controls, and blanks. No participant’s samples were stored in 

a freezer for longer than one week although they may be frozen for up to six months according to 

the assay kit’s manufacturer instructions (Salivary Cortisol Enzyme Immunoassay Kit, 
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Salimetrics, State College, PA, USA). When enough samples were collected to warrant an 

analysis, all reagents were brought to room temperature and all samples were thawed completely, 

vortexed, and centrifuged at 1500× g for 15 min. Two of the wells in the microplate were 

replaced with non-specific binding wells and 25 µL of standards, controls, saliva samples, and 

assay diluent were pipetted into various wells as appropriate. All wells were run in duplicate. A 

1:1600 enzyme conjugate was diluted by adding 15 µL of the conjugate to 24 mL of assay 

diluent and 200 µL of this solution was added to each well using a multichannel pipette.  

The contents of each well were then mixed using a plate rotator for five min at 500 rpm 

and was then incubated at room temperature for one hour. After the hour concluded, the plate 

was then washed four times with a wash buffer solution by pipetting 300 µL of the wash buffer 

into each well and blotting the plate with a paper towel prior to up righting the plate between 

each wash. Next, 200 µL of tetramethylbenzidine (TMB) substrate solution was added to each 

well and the plate was again mixed on a plate rotator for an additional five minutes at 500 rpm. 

The plate was then incubated at room temperature for an additional 25 min at which point 50 µL 

of a stop solution was added to each well. Finally, the plate rotator was used for an additional 

three minutes at 500 rpm, the bottom of the plate was wiped dry, and the plate was entered into a 

plate reader at 450 nm.  

All samples were analyzed for salivary cortisol in accordance with the ELISA kit 

manufacturer’s instructions (Salivary cortisol enzyme immunoassay kit, Salimetrics, State 

College, PA, USA). After raw data collection from ELISA tests, the following calculations were 

used to determine cortisol levels from each sample. Average optical density (OD) was calculated 

for duplicate wells. The average OD for the non-specific binding wells were subtracted from the 

average OD of all other wells. The percent bound (B/B0) was then calculated for each standard, 
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control, and saliva sample by dividing the average OD of each well by the average OD of the 

zero wells. Finally, the µg/dL concentration of each standard and the resulting B/B0 for each 

were used to construct a 4-parameter non-linear regression curve fit. Once completed, the 

averaged B/B0 value for each sample was applied to the equation provided from this model 

which facilitated cortisol value determinations.  

Statistical Analysis  

Two-way ANOVA was completed to determine correlations between the time of day 

when a sample was taken versus the cortisol concentration, and linear regression was performed 

to determine correlations between the cortisol level of a given sample with the self-reported 

stress level of the nearest preceding stressor event logged in the diary. Regression models were 

first constructed for each participant, then pooled together to include all data in a single 

regression. Time of day was segregated into three categories, first, second, and third sample, 

which would have equated to morning, midday, and afternoon for many of the participants. 

Levels of statistical significance were set at p ≤ 0.05. Statistical analyses were performed within 

SigmaPlot 14.0 (Inpixon, Palo Alto, CA, USA). Lastly, a qualitative analysis and summary of 

stressor events and subjective stress levels was completed.  

RESULTS 

Study Demographics  

Participants ranged from numerous careers including: R&D scientist for a multinational 

consumer goods corporation, work-from-home (WFH) supervisor for a Fortune 500 health 

insurance company, WFH college admissions advisor, marketing, WFH project manager for 

luxury vacation rentals, WFH internet marketer, WFH information security manager for a 
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healthcare system, a master’s level graduate student, weight loss specialist/health center 

manager, wastewater treatment biologist, accounting specialist, and four nurses. Of the fifteen, 

nurses made up 26.7% of the population, those in a WFH capacity made up 33.3%, and the rest 

accounted for 6.6% each (i.e., one graduate student, one biologist, etc.). Of the nurses, one was a 

respiratory therapist, and another worked partly in a HHCW capacity. Four participants were 

men (26.7%), eleven were women (73.3%), and ages ranged from twenty-eight to sixty-two. All 

participants worked day shifts typically of either five eight-hour shifts, four ten-hour shifts, or 

three twelve-hour shifts except for the respiratory therapist who worked three twelve-hour 

overnight shifts per week.  

Correlation between Sampling Time and Cortisol Level  

The two-way ANOVA results found the difference in mean values among the levels of 

salivary cortisol from study subjects was greater than would have been expected by chance 

regarding effects from the time of shift when a sample was taken (p < 0.001, study subject, F = 

11.462). Here, although some increased during the day, cortisol tended to wane throughout the 

working day, following typical circadian rhythm. Sampling error for the dataset with a 

confidence level at 0.05 was found to be 1.387. As not all participants worked identical shifts 

based on time of day, sampling time was defined as sample one, two, and three, during each shift 

(time of day, F = 3.642, p < 0.030). So, while not all samples were taken at the same time of day 

between participants, they were statistically different from one another when comparing the 

samples based on the order collected.  

Correlation between Cortisol Level and Self-Reported Stressor  
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The linear regression analysis tested the relationship between self-reported levels of 

stress occurring most closely to the nearest sample provided. Only two individuals’ regression 

models were found to be significant in addition to the pooled model. The pooled model 

contained all 135 samples and was found statistically significant (p = 0.042). The constant 

variance test, Spearman rank correlation, passed and had a power of 0.53, but had an R-squared 

value of only 0.0308. 

Differences within Shift  

Most samples followed a trend of highest in the morning and tapering downward during 

the day, similar to typical circadian rhythm. Figure 2-1 compares cortisol levels and participant, 

separated by the daily sample average for first, second, and third daily samples. The second 

participant’s third daily mean and the tenth’s participant’s second and third daily mean 

concentration were all below 0.01 µg/dL on the graph as they were nearly a concentration of 0 

µg/dL. Participants six, eleven, twelve, thirteen, fourteen, and fifteen showed increased average 

concentrations of the final daily samples in their sampling period compared to their second daily 

samples and sometimes even their first daily samples.  

Stress Diary Information  

One of the two participants with statistically significant correlations between the self-

reported stress levels and their corresponding cortisol levels included a WFH information 

security manager for a healthcare system. This person experienced self-reported stress levels 

ranging from 1 to 3 out of 5 on day one and levels of either 1 or 2 on the second and third day of 

the study period. The stressors given a level of 3 involved unexpected spreadsheet formatting 

changes in a collaborative file and running late for a dentist appointment due to a work meeting 
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running over schedule. The lesser occupational stressors predominantly dealt with prepping for 

the day at hand, a slight overburden involving work tasks (i.e., ticket queues, unread emails, and 

review processes), and stress over homelife related factors as this individual worked from home.  

The second participant with statistically significant correlations between their self-

reported stress levels experienced and their cortisol levels was a registered nurse who worked 

partially in a HHCW capacity. This participant noted higher levels of stress over the course of 

their three-day participation overall ranging from 2–4 out of 5. On day one of the participants 

study period, the individual noted a stress level of 4 when preparing for the day as they had 

accidentally slept a little too long. Closer to noon, this individual then noted a stress level of 3 

due to a home patient’s family needing their visit moved so the participant was stressed over 

juggling patient times. On the second day of the study period, the nurse expressed stress levels of 

3 and 2 due to others working from home so many calls came to her, interrupting her work, and 

bad traffic, respectively. Finally, the third day of the study period saw the participant experience 

a stress level of 2 when getting prepared for a clinic followed by a stress level of 4 in the 

afternoon when a patient passed away very unexpectedly, and she experienced guilt from this. 

Table 2-1, outlines and summarizes any of the occupational stressors ranked three or 

higher experienced by the fifteen participants over the course of the study period. Many of these 

stressors dealt with keeping up with work tasks and an overburdened workload/schedule. When 

focused on the stressors given a three or higher, of the 59 total stressors listed, 25 of these were 

from participants who worked in healthcare, either the four nurses or the weight loss specialist. 

Of the 15 participants, everyone experienced at least one occupational stressor level three or 

higher over the course of their three-day study period. The two individuals who experienced the 

fewest higher stressors included the internet marketer who had experienced one level three event 
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involving an unforeseen problem at work and one of the nurses who had experienced one level 

three event due to lab results coming back wrong which made her anxious. On the other hand, 

the individual who experienced the most amount of higher-level stressor events was one of the 

other nurses who reported experiencing three level threes, three level fours, and three level fives 

within the three-day period. Nearly all of these stressor events involved understaffing issues at 

the hospital such as a lack of help for the patients, being overburdened with tasks, and caring for 

sick patients.  

Many of the diary entries reported the study days were typical, but a few had 

abnormalities during their day. The accounting specialist was newer to her job and was learning 

how to complete payroll for employees and navigate a new reporting system. The project 

manager had to work on what was typically one of her days off. The person in marketing had a 

team meeting and an evening activity with work. One of the nurses worked in a home healthcare 

capacity during one of her three study days although this was fairly regular. Finally, the health 

center office manager dealt with a missing employee during the second day of the study period to 

the point where police needed to be involved.  

Table 2-2 shows the frequencies with which various emotional descriptors were written 

within the emotional behavioral reaction column of each diary entry. Although a total of 128 

stressor events were inscribed within all fifteen participants’ diaries, the emotional behavioral 

reaction column was not completed for all entries and a total of 121 emotional reactions were 

recorded. With 16 uses of “stressed” or “stress”, this appeared to be the most popular emotional 

behavioral reaction provided at 13.22%. Closely behind “Stressed” came various feelings of 

upset at work situations the participants experienced including: “Frustrated” at 12.40%, 

“Angry/Mad/Pissed” at 11.57%, “Anxious/Unease/Restless” at 10.74%, and 
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“Overwhelmed/Pressured” at 8.26%. All diary entries related to the aforementioned frequent 

behavioral reactions dealt with feelings due to situations at work, such as an overbearing 

workload, but no conflicts with co-workers or supervisors were noted associated with any of 

these emotions. In that regard, examples of emotional reactions which dealt with co-workers or 

supervisors included being frustrated and mad over writing up an employee due to a policy that 

the participant did not believe in, worry, anxiety, and stress over having to replace an employee 

who received a promotion, and nervous/overwhelmed over firing an employee. Of the emotional 

reactions written least frequently, the following all had an occurrence of two each: 

“Shame/Guilt”, “Confused/Surprised”, “Tired”, “Frazzled”, “Dread/Fear”, and “Impatient”. 

DISCUSSION 

Correlation between Sampling Time and Cortisol Level  

Following the data analysis of all fifteen participants after the conclusion of the ELISA 

analyses, it was determined there was a statistically significant relationship between a given 

cortisol level and the time of day it was taken utilizing the two-way ANOVA. This trend was to 

be expected as cortisol levels tend to follow a circadian rhythm with the highest levels typically 

occurring upon waking each day (Thau et al., 2022; Šušoliaková et al., 2018). Further, the 

importance of documenting the time of sampling towards sound statistical analysis has been 

outlined in previous literature, due to fluctuations over the course of the day (Hansen et al., 

2009). Time of day was segregated into three categories: first sample, second sample, and third 

sample. For most participants, this would have equated to the morning, midday, and afternoon 

sample. However, the rapid response team nurse worked overnight shifts, but her cortisol levels 
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followed the same trend as the analysis presented with levels declining from first to third sample 

per day, although she worked from the evening into the morning.  

Correlation between Cortisol Level and Self-Reported Stressor  

Of the fifteen participants included in this study, only two individuals’ datasets were 

deemed statistically significant regarding their relationship between stress levels and 

corresponding cortisol levels. However, when pooling the data from the entire study population, 

this was determined to be statistically significant, demonstrating there was a notable relationship 

between one’s subjective stress level assigned to an occupational stressor event and their 

physiological response of cortisol release. Unfortunately, the R-squared value with this 

relationship was only 0.031. Nevertheless, while the model presents the idea only 3.1% of the 

variation is accounted for, there could have been a variety of confounders contributing to one’s 

cortisol levels. Stressors not accounted for in a participant’s diary, such as occupational stressors 

a participant may not have deemed of adequate magnitude to include in the diary, 

personal/familial stressors which one may not have wanted to include, or simply forgetting to 

document a stressor, could have been somewhat responsible for the poor predictive value 

provided. Additional confounders could include aspects such as smoking habits, time of 

awakening, alcohol consumption, body mass index, and medication, of which smoking and 

alcohol consumption were both controlled for through exclusion criteria and participant 

instructions (Al’Absi et al., 2004; Federenko et al., 2004; Edwards et al., 2001; Kudielka & 

Kirschbaum, 2003; Alderling et al., 2006).  

Additionally, if the only point of the linear regression model was prediction, the model 

would indeed poorly predict one’s cortisol level following an occupational stressor. Yet, the 
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purpose was to determine if there was a small, but reliable relationship between the two factors, 

which was the case. Admittedly, the ability to potentially reduce one’s occupational stress 

exposure by 3% through minimizing the exposures noted in the diaries would not seem to 

legitimately reduce one’s cortisol levels, sampling a larger participant pool would potentially 

increase the statistical validity of the present study, ideally improving the associated R-squared 

and power level. Another tactic to improve the validity may be to simply increase the longevity 

of the study period compared to three consecutive days for each participant if a smaller study 

population is used. This holds true to previous literature which found seemingly poor covariance 

between perceived stress and salivary cortisol to be typical due to the complex interplay of the 

neurobiological events linking perceived stress with HPA axis activation (Hellhammer et al., 

2009). The ability to collect total cortisol in blood, salivary cortisol, and adrenocorticotropic 

hormone levels would paint the clearest picture of cortisol levels within the individual, although 

impractical in a community-based study where multiple samples per day are necessary. For this 

reason, the recommended methodology would still be the sampling of saliva following a standard 

cadence (Hellhammer et al., 2009; Jessop & Turner-Cobb, 2008).  

Temporal Difference  

While nearly two-thirds of the participants cortisol trends tended to follow the typical 

pattern of being greatest in the morning and declining throughout the day, there were a handful 

who tended to have greater cortisol levels in their third sample each day. This would infer 

something stressful may have been experienced by each of these individuals. Upon consulting 

the work diaries submitted for each of the participants who had these trends, participants 6, 11, 

12, 13, 14, and 15, experienced atypical stress in their work shift during their sampling days. 

Participant 6, for example, worked from home while caring for their toddler. In the healthcare 
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realm, participant 11 was the health center manager whose employee went missing, participant 

12 was a nurse who found out one of her patients had passed away, and participant 13 appeared 

to be in a short-staffed work setting based on many of her diary entries. Participant 14, the 

wastewater biologist, expressed feelings of frustration towards the afternoon one day when a 

supervisor left work early and expected him to fix an unplanned outage. Finally, participant 15 

was recently hired in an accounting capacity and was learning how to process payroll during the 

week of the study. Fortunately, none of the participants worked irregular shift work (i.e., 

alternating work schedules) which has been found to increase cortisol excretion upon waking in 

the morning and a slower regression over the course of the working day (Šušoliaková et al., 

2018).  

Stress Diary Information  

Regarding the more intense stressors experienced by the participants, nearly half of the 

59 events which were described as a stress level of 3, 4, or 5 out of 5 were experienced by those 

in healthcare, demonstrating the trend in healthcare occupations typically consisting of a great 

level of stress. Further, three of the seven level-five stressors were experienced by one individual 

in healthcare. What might be considered a silver lining, nearly all these greater stressors 

experienced by the healthcare participants involved stress over providing care for their patients 

as opposed to stress involving their superior or workplace conflict with co-workers. In fact, the 

only events logged in the diaries of the healthcare participants that involved co-workers involved 

a couple working from home and one who went missing. This individual was eventually located 

by authorities, but then terminated their employment within the same week.  
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Although all participants experienced a stressor event they described as at least a 3 out of 

5, it was natural for all participants to experience varying amounts of stressor events and various 

degrees of stress during the three working day period they had participated in the study. This was 

largely dependent on if the study period were considered typical working days for the individual 

or if abnormal stressors were experienced. For example, one of the nurses had a typical week 

according to her diary and listed a total of seven stressor events, with only one level three event. 

On the other hand, while the wastewater biologist listed only four stressor events over the course 

of the three days, two were level four and one was level three, appearing that his days were more 

sporadically stressful although he listed each day as typical. Worse yet, although one of the 

nurses listed her days as typical, she also documented nine stressor events level three or greater 

(3 = 3, 4 = 3, 5 = 3) which gives her job the appearance that she is typically very stressed even 

on what would be considered a normal day.  

Lastly, the 121 emotional behavioral reactions given for any of the diary entries were 

quantified into a frequency table. The most frequent emotional behavioral reactions documented 

included: “Stressed” at 13.22%, “Frustrated” at 12.40%, “Angry/Mad/Pissed” at 11.57%, 

“Anxious/Unease/Restless” at 10.74%, and “Overwhelmed/Pressured” at 8.26%. Many of the 

associated stressor events with these emotional reactions involved issues with their work or their 

job, but fortunately nearly no issues were noted involving workplace conflict with others. 

Common issues involve stress over one’s job typically consisted of feeling overwhelmed with a 

workload, being short-staffed, or poor opinions of workplace policies.  

Limitations  
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The participants were recruited using convenience sampling in a large, midwestern 

metropolitan area up until fifteen individuals were recruited. For this reason, the findings of this 

study may not completely reflect occupational stressors experienced by workers in general, but 

does provide insight regarding common stressors in the workplace. For example, the qualitative 

results showed healthcare appeared to be a commonly stressed career field.  

Second, the work stress diary entries were based on the perceptions of the individuals, 

especially the intensity of the stress experienced. Subjective perceptions about the level of stress 

experienced, if the day was typical, etc. have the potential be biased as what one may consider a 

stressor event of 5, someone else may describe the same event as a 3. Further, there may have 

been events that occurred which a participant deemed not appropriate to enter into the work diary 

(i.e., if they felt the need to concentrate specifically on occupational stressors, but something 

familial caused them stress at work, or if someone had a physiological stress response, but did 

not think the event severe enough to log the occurrence). For this reason, bias may exist to the 

extent of participants underestimating the breadth or depth of stressors experienced while 

working. Future work could be carried out following the end of the pandemic and investigate 

how well one’s subjective sense of severity of stress correlates with physiological responses, 

measuring salivary cortisol as well as salivary alpha-amylase, an enzyme whose presence has 

been found to increase following exposure to external stress (Šušoliaková et al., 2018).  

Finally, due to budgetary constraints and the goal of methodology validation, only fifteen 

participants were recruited for this study and only a total of nine saliva samples were collected 

over the course of three consecutive working days. Future work hopes to collect for a longer 

study period using a larger population pool which would potentially increase the statistical 

validity of the study and improve the foundation of knowledge. Ideally, a greater depth and 
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breadth of knowledge will lead towards the prevention of illnesses associated with chronic stress 

so as to reduce workplace absenteeism or economic repercussions (Reale et al., 2020). Further, 

we hope to collect data on alpha-amylase fluctuations in addition to changes in salivary cortisol 

levels. Studying targeted industries, such as home healthcare workers or those that work from 

home may also help to understand the stressors experienced by growing work sectors.  

CONCLUSIONS 

The results from this study illustrate a variety of common stressors experienced by a 

variety of workers: healthcare, WFH, information technology, scientists, and a few other white-

collar workers. Levels of salivary cortisol levels tended to follow typical trends due to circadian 

rhythm although there were some individuals who experienced increased cortisol levels towards 

the end of their work shift, potentially due to exposure to occupational stress. Although the 

correlation between cortisol levels and the levels of self-reported stress occurring most closely to 

respective sampling times was determined to be statistically significant, the low R-squared value 

could have been due to the various confounders associated with stress. Expanding the participant 

pool and the sampling period could aid in allocating for greater validity. Qualitatively, it was 

shown that although participants who worked in healthcare accounted for one-third of all 

participants, they documented 25 of the 59 intense stressors reported. Based on the emotional 

behavioral reaction frequencies, it was common for participants to feel emotions involving stress, 

frustration, anger, anxiety, and being overwhelmed. In addition to minimizing the risk of 

occupational illness or injury, workplaces should allocate greater resources for mental health 

awareness and intervention. Besides a reduction in the triggers which may spike one’s cortisol 

levels, minimizing occupational stress could also improve workplace retention, productivity, and 

the interpersonal relationships between co-workers. 
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CHAPTER 3. EXAMINING WORK STRESS AND AIR 

POLLUTANTS EXPOSURE OF HOME HEALTHCARE 

WORKERS 

INTRODUCTION  

Occupational stress, linked to a variety of adverse health outcomes, is associated with an 

estimated 120,000 deaths annually in the U.S. (Aro, 1984, Malamardi et al., 2015, Kang et al., 

2015, Sun et al., 2011, Soori et al., 2008, Wieclaw et al., 2005, Goh et al., 2015). The World 

Health Organization (WHO) reports that 83% of U.S. workers experience work-related stress, 

with over half admitting it impacts their home life (World Health Organization, n.d.). 

Furthermore, Nelson et al. (2022) established a link between occupational stress and disturbed 

sleep patterns. Workplace stress has been shown to impact workers’ health, absenteeism rates, 

and earning potential. A Gallup poll revealed that employees who rated their mental health as 

“fair” or “poor” missed an average of 11.8 workdays per year, contributing to an annual loss of 

USD 47.6 billion due to reduced productivity. This equates to roughly USD 340 per day of lost 

work for a full-time worker (Witters D. & Agrawal S., 2022). The poll also showed higher rates 

of mental health issues among women compared to men (23% vs. 15%) experiencing workplace 

stressors, with the majority unable to confirm the presence of easily accessible mental health 

support services in their workplaces. 

Physiological responses to stress involve the activation of the hypothalamic–pituitary– 

adrenal (HPA) and sympathetic–adrenal–medullary (SAM) axes (Li et al., 2017). Exposures to 

stressors can trigger fluctuations in hormonal regulations, potentially indicating stress severity. 
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For instance, frontline police officers were found to have higher diurnal cortisol levels than the 

general population (Planche et al., 2019). Deviation from typical diurnal cortisol patterns may 

imply exposure to stress, with both chronic highs and lows presenting potential health risks 

(Hellhammer et al., 2009). Chronic lows may signal adrenal insufficiency, while chronic highs 

could indicate Cushing’s disease or overexposure to stress (Mayo Clinic, n.d., Oregon Health & 

Science University, n.d.). Such high levels may alter immune responses or suppress digestive 

functions (Bauer et al., 2009). While stress is a significant health concern, environmental 

exposures, such as ambient air pollution, also have measurable effects on health. For example, 

asthmatic children showed decreased physical activity and increased sedentary behaviors when 

exposed to higher air pollution levels (Aguilera et al., 2023). Higher particulate matter (PM) 

exposure has been linked to increased levels of stress hormones and other health markers, 

especially particles less than 2.5 microns (PM2.5) (Li et al., 2017). Home healthcare workers 

(HHCWs) tend to experience stressful and precarious work arrangements, typically for low 

wages in poor working conditions (Zoeckler, 2018, Markkanen et al., 2014, Quinn et al., 2016). 

Access to personal resources and job satisfaction have been correlated with reductions in 

emotional labor and job stress seen by HHCWs (Park & Han, 2013). This working population 

may also be exposed to noticeable levels of air pollutants due to commuting between patients, 

and also activities within the home, such as VOCs from disinfectants used; tobacco smoke; poor 

ventilation; and bioaerosols, like mold and pet dander (Quinn et al., 2016, Benjamin, 2019, Hittle 

et al., 2016). Combined, these airborne exposures could have a synergistic effect on poor 

cardiovascular outcomes and, when combined with chronic cortisol dysfunction, the likelihood 

of physical and mental disease increases (Mallach et al., 2023, Hajat et al., 2019). This study 

aimed to assess the association between occupational stress and salivary cortisol levels among 
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HHCWs and the influence of personal air pollution exposure on cortisol fluctuations. Previous 

research has utilized cortisol monitoring, yet its use in occupational stress exposure monitoring 

remains limited (Sanger et al., 2014). Recent work by the study team followed a general working 

population for three consecutive working days to determine a relationship between work stress 

exposure documented through the use of daily stress diaries and salivary cortisol from the 

provision of multiple saliva samples throughout each workday (Gerding & Wang, 2022). The 

results showed both a relationship in the diurnal trends of the highest average levels in the 

morning and tapering off throughout the day as well as statistically significant correlations 

between exposure to stressors from the diaries and increases in cortisol following these events. 

The authors of the present study hoped to build off this literature and expand in terms of relating 

changes in cortisol with exposures to ambient airborne pollutants through the use of personal air 

quality monitors. 

MATERIALS & METHODS  

Saliva Sampling Strategy  

Twelve participants were recruited for this University of Cincinnati Institutional Review 

Board-approved study (protocol #2022-0782) through convenience sampling via phone and 

email directed at local home healthcare agencies. The study team previously positively validated 

the study methodology using a general working population consisting of fifteen individuals over 

the course of three days each, with a total of 135 samples (Gerding & Wang, 2022). In this work, 

typical diurnal trends were documented as well as increases in cortisol levels following 

documented exposures to stress through work stress diaries (Gerding & Wang, 2022). For this 

reason, the recruitment of twelve participants followed for at least a four-day work week would 

yield 144 total samples. In this study, we wished to examine the feasibility of taking these 
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measurements in a specific occupational group. Participants were excluded if they reported a 

positive smoking status (nicotine and marijuana products), a lack of employment in the home 

healthcare field, they did not work day shift, or a diagnosis of Cushing’s Syndrome.  

Each participant received a work stress diary, a sampling log, a study protocol, saliva 

sampling vials (Salimetrics, State College, PA, USA), and a cryostorage box (Salimetrics, State 

College, PA, USA) inside a Styrofoam cooler with two moisture-resistant ice packs. During their 

work week, participants were asked to record any stress-inducing incidents in the diary. The 

diary entries included the date, day of the week, time, stress intensity (0–10 scale; none to 

highest), stress duration, situation description, triggering event (if applicable), any emotional or 

behavioral reactions, and an assessment of whether the day was typical of their job. Besides 

increasing the specificity of the stress intensity from a 5-point scale to a 10-point scale, the diary 

remained identical to the previous methodology validation study.  

The participants were asked to provide three saliva samples per day: at the beginning of 

their shift, the start of their lunch break, and the end of their shift. However, as they did not have 

designated lunch breaks and often ate while traveling to a patient’s home, they were asked to 

provide the second sample approximately halfway through their shift. It was emphasized that 

they should avoid eating or drinking anything other than water for twenty minutes before each 

sample collection. The participants were instructed to keep the samples cold in the provided 

cooler during the workday and to freeze them after work. Sampling logs documented the time 

and vial used for each sample collection. This study was conducted from January to March 2023, 

with the principal investigator collecting materials at the end of the week for enzyme-linked 

immunosorbent assay (ELISA) analysis in the laboratory. Upon collection at the end of each 

study week, all samples underwent an enzyme-linked immunosorbent assay (ELISA) analysis. 
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This process was performed identically to a previous salivary cortisol study conducted by the 

research team (Gerding & Wang, 2022) and followed the guidelines provided in the ELISA kit 

(Salivary Cortisol Enzyme Immunoassay Kit, Salimetrics, State College, PA, USA). Following 

the raw data collection, calculations were performed to determine the cortisol levels in each 

sample. 

Personal Exposure Monitoring  

Along with the cortisol collection, the participants were also given a personal air quality 

monitor (Flow-2, Plume Labs Inc., Paris, France). This monitor recorded levels of PM10, PM2.5, 

PM1, NO2, and volatile organic compounds (VOCs) at one-minute intervals. The participants 

were instructed to attach this monitor to their backpacks or laptop bags during work hours. The 

data from each pollutant were extracted and averaged for each hour preceding saliva collection. 

The daily cortisol values were then averaged to give a single daily value, and a standard 

deviation was calculated for each of these averages. This standard deviation was divided by the 

corresponding averaged cortisol level to derive a coefficient of variation, referred to in this study 

as the “Relative Cortisol Index” or “RCI”. The RCI was then compared to the daily averaged 

pollutant levels using Pearson correlation coefficients. 

Statistical Analysis   

This study employed two-way ANOVA, Pearson correlations, and linear regression 

models to probe the relationships between occupational stressors, air pollution exposure, and 

cortisol levels. Finally, a qualitative summary details the types of occupational stress experienced 

by the participants. Statistical analyses were conducted using SigmaPlot 15.0 (Inpixon, Palo 

Alto, CA, USA) and Excel (Microsoft, Redmond, WA, USA). A two-way ANOVA was 

performed to assess the correlations between the time of day when a sample was taken and the 
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corresponding cortisol concentration. Pearson correlations were utilized to analyze the 

relationships between the cortisol levels in a given sample and the selfreported stress levels of 

the nearest stressor event logged in the diary, as well as the air pollutants. The time of day was 

categorized into three groups: start of shift, mid-shift, and end of shift. The threshold for 

statistical significance was set at p < 0.05.  

Additionally, a qualitative analysis and summary of the stressor events and subjective 

stress levels were completed. Lastly, the relationship between air pollution exposure and cortisol 

levels was examined by averaging the three daily cortisol samples, calculating the standard 

deviation of these averages, and dividing this by the average value to determine the coefficient of 

variation, or the RCI. A higher RCI indicates a greater dispersion between cortisol levels. The 

RCI was then compared to the average pollutant level the participant was exposed to during the 

corresponding times using a Pearson correlation model. 

RESULTS  

Study Demographics and Differences within Work Shifts 

The study demographic information recorded in the enrollment surveys is outlined below 

in Table 3-1. All the study participants were female, falling within an age range of “30–39” to 

“60–69” and represented a broad spectrum of disciplines within the home healthcare field. The 

participants’ experience in home healthcare varied from “less than 5 years” (41.7%) to “26–35 

years” (16.7%) and most worked for their present employer “less than 5 years” (66.7%). All the 

participants worked during the day shift, with schedules of mostly five eight-hour shifts or four 

ten-hour shifts. One participant had an alternating day shift schedule, consisting of two to three 

eleven-hour shifts supplemented by one to two additional shifts that ranged from 4 to 7 h in 

length. This participant also worked every other weekend. The participants’ commute times to 
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clients’ homes ranged from 5 to 75 min. With regard to exposure to poor air quality (including 

cigarette smoke, poor ventilation, allergens, or strong disinfectant chemicals), the participant 

responses varied: 8.3% stated they experienced this rarely, 33.3% sometimes, 50% often, and 

8.3% always. Notably, 33.3% of the participants reported having some form of respiratory 

disease, with two of these individuals attributing their conditions to occupational exposures. 

Due to interpersonal differences associated with cortisol, to compare the values, the 

samples were log-transformed and averaged so each participant had three bars displayed in 

Figure 3-1. The first bar was the average of the start-of-shift samples provided, the second bar 

was the averaged mid-shift samples, and the third bar was the averaged end-of-shift samples. 

Surprisingly, none of the samples followed typical diurnal patterns, and Figure 1 shows that 

every participant’s cortisol levels appeared to either increase toward the end of their shift or, in 

the case of participants eleven and twelve, increase during their shift prior to slightly declining 

before it concluded. Participant one’s second daily mean was well below the lower limit of the 

graph as these samples were determined to be nearly a concentration of 0 µg/dL. 

Correlation Between Cortisol Level, Sampling Time, and Self-Reported Stressor 

The results from the two-way ANOVA indicated that the differences in the mean salivary 

cortisol levels were not statistically significant based on the time of day the sample was collected 

(p = 0.86). However, the analysis did show statistically significant differences in the cortisol 

levels between the participants (p < 0.001). While some participants’ cortisol levels 

demonstrated typical diurnal patterns, decreasing throughout the day, many either increased or 

fell below the detection limit of 1.0 ng/mL. As nearly all the participants did not have a 

prescribed lunch break, they were instructed to provide saliva samples at the start of their shift, 

the middle of their shift, and at the end of their shift. While differences between individuals were 
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observed, no significant variation was detected based on the time of day. A further analysis was 

conducted using a linear regression model that pooled all the participant data points (n = 169) to 

determine the relationship between the self-reported stressor levels from the participants’ diaries 

and the cortisol levels in the saliva samples collected immediately after the reported stressor 

event. However, this relationship was not found to be statistically significant (p = 0.754). The 

constant variance test, the Spearman rank correlation, passed, but it only had a power of 0.05 and 

an R-squared value of less than 0.1, indicating a very weak association. 

Personal Exposure to Air Pollutants 

The Pearson correlation coefficient was calculated for each type of airborne pollutant 

compared with the Relative Cortisol Index (RCI) values. This comparison did not reveal a 

statistically significant relationship between the pollutants and the RCI values. The Pearson 

correlation coefficients ranged from 0.16 (PM10) to 0.31 (VOC), as outlined in Table 3-2 (see 

below). At best, only two air pollutants (PM1 and VOC) showed a weak relationship, with a 

correlation coefficient above 0.25. Table 3-3 shows the average levels of the air pollutants to 

which each participant was exposed. 

These averages varied markedly between the participants. For instance, participants 4 and 

5 experienced similar exposure levels across all pollutants, as did the pairs of participants 9 and 

11, and 10 and 12. However, when comparing the exposure levels across all twelve participants, 

the range of exposure to each pollutant varied considerably. The smallest variation was a 60% 

increase (comparing VOC values between participant 9 and 8), while the largest variation was 

more than a tripling of the exposure levels (comparing NO2 values between participant 3 and 4). 

Stress Diary Record 
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Despite the lack of a statistically significant relationship between the cortisol levels and 

reported stress levels, the diary entries revealed a broad spectrum of stressors and emotional 

reactions. While the home healthcare professionals frequently acknowledged the stresses 

associated with their occupations, the number of stressor events reported in their diaries varied 

widely. For instance, one participant recorded multiple daily entries, many linked to their 

stressors outside of work and concerns about their patients. This participant recorded one level 4 

stressor, two level 5 stressors, four level 6 stressors, five level 7s, and nine level 9s. In contrast, 

another participant reported only one level 3 stressor and one level 4 stressor across two days. 

Variability in the diary entries was common among the participants. The first physical 

therapist recorded entries associated with commuting stress, while one of the other participant’s 

stressors revolved around social issues arising from working with a developmentally disabled 

client. The first occupational therapist reported non-work-related stressors, like managing her 

children’s schedules and navigating inclement weather. Similarly, the second occupational 

therapist reported stressors on only three of her four workdays, while the medical social worker 

listed 14 stressors, primarily work related, across a four-day work week.  

One of the two registered nurses and one of the four physical therapists experienced 10 

stressors over a five-day work week, with a mix of personal and work-related issues. Further 

disparities were noted between the second registered nurse and two of the four physical 

therapists. The third physical therapist experienced 16 stressor events, primarily work related, 

while one of the registered nurses reported mostly positive or neutral events and 5 minor 

stressors. The fourth physical therapist reported 13 stressors, mainly work related and tied to 

scheduling or patient issues.  
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Table 3-4 summarizes the high-level occupational stressors (ranked six or above) 

experienced by the participants (https://doi.org/10.6084/m9 .figshare.23717106.v2, accessed on 9 

February 2023). The most frequently reported stressors were related to personal issues, 

commuting, or patient concerns (see Table 3-5). Among the stressors ranked six or above (n = 

51), 22 were reported by a speech-language pathologist, 16 by the physical therapists, 7 by the 

medical social worker, 4 by the specialist for the developmentally disabled, and 2 by one of the 

registered nurses. Table 3- shows the frequency of emotional descriptors used in the diary 

entries. Frustration/aggravation/anger were the most commonly reported emotions, accounting 

for 22.4% of the total emotions expressed. This was followed by feelings of 

overwhelmed/inadequacy/exhaustion (15.7%), irritation/annoyance (9.7%), and 

nervousness/anxiety/uncomfortableness/drained (7.5%). The least reported emotions included 

feelings of shame/being unheard (two occurrences) and distraction (one occurrence). These 

emotions were typically associated with common stressors, such as personal issues, commuting, 

and patient care. 

DISCUSSION  

Correlation Between Cortisol Level, Sampling Time, and Self-Reported Stressor 

The results from this study suggest that there was no significant relationship between the 

cortisol levels and the sampling time. Despite expecting a diurnal trend, no consistent decrease in 

the cortisol levels was observed throughout the day. The participants were instructed to collect 

the samples in the middle of their shift due to the lack of defined lunch breaks, which may have 

contributed to these findings. Further, there was no statistically significant relationship found 

between the cortisol levels and stress levels documented in the stress diaries for any of the twelve 

participants (p = 0.754, R-squared = 0.000587). We could not establish that there was a statistical 
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relationship between the subjective stress levels reported during a stressor event and the 

physiological response, as indicated by the release of cortisol. This might be due to several 

factors, such as the difficulty in quantifying stress levels, the lack of statistical power due to the 

small sample size, or potential issues with the saliva sample collection and preservation methods, 

in that HHCWs have rigorous schedules of commuting from patient to patient, and therefore 

saliva collection adhered to their schedule. Additionally, the practice of storing saliva samples in 

a Styrofoam cooler with an ice pack was less than ideal compared to using a freezer.  

Interestingly, one participant had a detailed stress diary with eleven stressors recorded 

over five days; her average cortisol levels were lower compared to the others. This discrepancy 

might be due to the duration of the study and the type of events that the participants experienced, 

both of which might have contributed to the poor model variance. To improve this, the study 

could be extended or the reason why some participants reported fewer and less intense stressor 

events could be further investigated. Given the known high levels of stress in healthcare 

professions, the number and intensity of the stress events reported was surprisingly low. 

Including more participants in the study could help determine if the observed pattern was 

representative.  

Five of the healthcare workers had higher average cortisol levels at the end of their shifts 

compared to the beginning. Two others had the highest cortisol levels in the middle of their 

shifts, which might indicate exposure to stressors, even if they were not related to their work or 

documented in their stress diaries. Regardless, none of the participants showed the typical 

diurnal pattern of cortisol levels being highest at the start of the shift and declining as the shift 

progresses. This suggests that the occupational stresses experienced by home healthcare workers 

may not align with typical cortisol patterns and deserves further investigation. Due to the small 
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sample size, we were not able to stratify the participants by sources of chronic stress in their 

lives. 

Personal Exposure to Air Pollutants 

Compared to the WHO’s guidance on recommended air quality levels, the participants’ 

average air pollutant data were all below these thresholds (World Health Organization, 2021). Of 

the listed pollutants, the WHO recommends average maximum exposure levels of 10 µg/m3 of 

PM2.5, 20 µg/m3 of PM10, and 40 µg/m3 of NO2, annually. Our data also fall within the ranges 

of various air pollutants measured in many other works of literature on indoor air exposure, with 

levels ranging from 1.7 to 428.6 PM2.5, 11.0 to 1275 PM10, and 3.4 to 1210 for NO2 

(Vardoulakis et al., 2020). However, when comparing these levels of indoor air quality with 

various areas in a hospital, the VOC (156.7 ± 31.6 ppb) concentrations were comparable to what 

was monitored at on-campus locations, including a reception area, an orthopediatric area, and an 

otorhinolaryngology area (VOCs = 0.110–0.312 ppm) (Lee et al., 2020). On the other hand, the 

data collected by the home healthcare population had lower levels of PM2.5 exposure (4.4 ± 1.5 

µg/m3 ) than the on-campus settings (20.0–49.6 µg/m3 ) (Lee et al., 2020).  

The correlations observed in this study between the Relative Cortisol Index (RCI) and the 

levels of volatile organic compounds (VOC) and PM1 were weak. Several factors could 

contribute to these results. First, there were gaps in the data collected by the low-cost air 

pollution sensors. The sensors were designed to record data every minute; however, there were 

multiple gaps in the data that ranged from ten minutes to a few hours. These gaps would have 

affected the average pollutant values, thereby impacting the observed correlations. Imputation 

was not conducted because, in some cases, there were too many data missing.  
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Second, the frequency of the saliva sample collection might have affected the findings. In 

this study, the saliva samples were collected only three times per day. Increasing the frequency 

of saliva collection could provide higher resolution in the measurement of cortisol levels and 

potentially enhance the accuracy and specificity of the summary statistics used to calculate the 

RCI values. Lastly, in our study, we did not find a statistically significant association between 

the air pollution levels and the cortisol levels. Future studies should address our aforementioned 

concerns regarding air pollution sensor data reliability and the frequency of biological sample 

collection. The relationship between air pollution and cortisol levels remains a relevant topic that 

could be explored further in future research. 

Stress Diary Record   

This study sheds light on the intensity and frequency of stressful events experienced by 

HHCWs and the associated emotional responses. The most intense stressors, those rated as six or 

higher on a nine-point scale, accounted for more than 40% of the total 122 events documented. 

This indicates a significant level of high-intensity stressors within the HHCW population. 

Moreover, the type of worker experiencing these high-intensity stressors varied; occupational 

therapists reported none, while a speech-language pathologist reported multiple, including nine 

level 8 stressors and four level 9 stressors.  

The emotional responses associated with these stressors provide additional insights. The 

most frequently reported emotions were frustration, aggravation, and anger, accounting for 

22.4% of all responses. Emotions associated with burnout such as overwhelmed, depletion, 

fatigue, exhaustion, inadequacy, and insufficiency accounted for 15.7%. This suggests a high 

level of emotional strain among HHCWs. The source of these stressors also blurs the line 

between personal and professional life, as seen in previous studies by our group (Gerding et al., 
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2021, Gerding, et al., 2022). This suggests that the stress experienced by HHCWs is not only 

related to job tasks but also to the unique challenges of managing a work–life balance for home 

healthcare workers. This observation warrants further investigation, as it could have implications 

for stress management strategies in this field.  

LIMITATIONS   

One limitation of this study arises from its recruitment process, which employed a 

convenience sampling methodology within a large, midwestern metropolitan area. This study 

population was finalized upon reaching the target number of participants. With many participants 

coming from specific healthcare fields such as occupational or physical therapy, this study may 

not accurately represent the variety of occupational stressors that the broader home healthcare 

workforce faces, particularly those in different geographic areas or those serving distinct patient 

demographics. This may have also led to the small sample size related to not many stressors 

documented by some of the participants.  

The data collected from the stress diaries are subjective as they represent individual 

perceptions of stress. This subjectivity could mean that an event classified as a level 5 stressor by 

one individual might only be considered a level 3 stressor by another. Additionally, some 

stressful events might not have been recorded in the diaries due to their personal nature or if the 

participant simply forgot to document them when time allowed. Some participants logged 

numerous stressors daily, whereas others recorded a few over the entire work week which made 

determining relationships between stress exposure and increases in cortisol difficult.  

The final limitation pertains to the quality of the air monitors used in this study. A higher-

grade air monitor could provide more reliable data on the exposed pollutants. However, this 

would incur a higher cost and these higher-precision sensors tend to have a bulkier design than 
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the model utilized in the current study. A bulkier design may put additional burden on 

participants.  

CONCLUSION  

This study explores the various stressors encountered by a group of home healthcare 

workers during typical work weeks, with representation from healthcare sectors, such as 

developmental disability care, occupational therapy, physical therapy, speech-language 

pathology, medical social work, and registered nursing. Unexpectedly, the levels of salivary 

cortisol did not conform to the expected diurnal patterns. Neither did they correlate with 

exposure to occupational stressor events, the primary hypothesis of this study. Further, the air 

pollutant exposures poorly compared with other air quality studies.  

Forty percent of the stressor events documented were classified as major stressors, rated 

level 6 or higher out of 10. There were notable variations in the reported stressors by occupation, 

with no reports of stressor events coming from occupational therapists, whereas multiple reports 

came from speech-language pathology. In the future, a more robust study would include a larger 

sample size with a longer duration to provide adequate statistical power to detect these 

associations. Additionally, the inclusion of more robust air quality monitors would most likely 

provide better quality data associated with the participants’ exposures, though a larger research 

budget would be necessitated. Providing training to participants to “level set” their perceptions of 

stress and intentionally recruiting a representative sample of home healthcare occupations would 

improve the external validity. Studies, including ours, demonstrate relatively high levels of stress 

in home healthcare workers; future work could also examine interventions that could help to 

reduce these stressors.  
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OVERALL CONCLUSIONS 

 In this dissertation, the relationship between occupational stress and various factors were 

examined including: salivary cortisol, air pollution exposure, emotional reactions, and how the 

pandemic affected the work stress seen in multiple sectors. Firstly, it was found that while some 

occupational stress trends were seen in all sectors examined during the pandemic, such as 

experiencing changes in employment and fear of COVID exposure, some sectors had unique 

experiences. Healthcare saw increased workloads to the greatest degree, it was common for those 

who worked from home to experience web conference burnout, and it was more difficult due to 

the pandemic for those in a manual labor or business / office service role to juggle childcare and 

work. All investigated industries struggled with time management which was also seen, to some 

extent, in the successive two studies. This study allowed the researchers 1) to assert it would be 

beneficial for organizations, private and public entities alike, to incorporate the possibility of 

future pandemics into their EAP and 2) to determine which sector(s) to target for recruitment in 

Study B. 

 Next, Study B was able to serve as a methodology validation aim while simultaneously 

presenting a variety of stressors experienced by a general working population. The study 

population, composed of individuals working in healthcare, WFH, information technology, 

scientists, and a few other white-collar positions, provided salivary cortisol samples which 

overall followed typical diurnal patterns associated with cortisol when the data was pooled 

together. However, individuals did have cortisol levels which were elevated following exposure 

to occupational stressor events in a statistically significant relationship. Unfortunately, due to the 
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small R-squared value, the team hoped following a specific work sector (i.e., home healthcare) 

might help mitigate this issue to some degree. One of the reasons healthcare was the focus in 

Study C was due to the fact that while they only account for one-third of the participants in Study 

B, they documented nearly half of the intense stressors (3, 4, or 5 out of 5) reported from the 

diaries.  

 Finally, Study C had hoped to expand upon the success of Study B, as well as include an 

aspect of air pollution exposure, while examining HHCWs specifically. Following statistical 

analysis, no relationship could be determined between documented stressor events and 

fluctuations in salivary cortisol, nor was there much to report regarding fluctuations in cortisol 

levels with the air pollution the participants were exposed to based on the data provided by the 

air quality monitors. Various confounders affect cortisol levels which could have played a part in 

the poor models. Poor adherence to study instructions on the part of the participants as well as 

the use of ineffective, low-cost air quality monitors may have both played a part as well in the 

models. However, both Study B & Study C qualitatively determined multiple common stressors, 

both in a general working population and specific to HHCWs, which would be addressed within 

the workplace to mitigate affects of chronic stress. 
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Figure 1-1. Responses to (A) “Has your workload increased since COVID-

19?”; (B) “Do you have enough time to finish your work assignments since 

COVID-19?” as a function of industry sectors. 

 

Figure 1-2. Responses to (A) “Do you have to work from home for the 

majority of COVID-19?”; (B) “If yes, do you feel your job performance at 

home has changed since WFH?” as a function of industry sectors. 



66 

 

Figure 1-3. Responses to (A) “Do you think you could be potentially exposed 

to SARS-CoV-2 virus at your workplace?”; (B) “Does your workplace have a 

mandated vaccination policy?” as a function of industry sectors. 
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Figure 2-1. Log-transformed graph of interpersonal differences between 

sampling times. 



68 

 
Figure 3-1. Log-transformed graph of interpersonal differences between 

sampling times. 
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Table 1-1. Demographic information of survey respondents. 
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Table 1-2. Statistically significant differences between industry and inquiry 
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Table 1-3. Composite scores marking the degree of stress related to 

occupational attribute. 
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Table 2-1. Summary of the intense occupational stressors experienced by 

participants (intensity of stress = 3, 4, or 5).
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Table 2-1 Continued.
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Table 2-1 Continued. 

 

Table 2-2. Emotional behavioral reaction frequencies in the occupational 

stress diaries. 
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Table 3-1. Participant demographic information 
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Table 3-1. Continued

 

 

Table 3-2. Pearson correlation results  

Relationship Coefficient 

RCI vs. NO2 0.162 

RCI vs. 

VOC 0.313 

RCI vs. PM10 0.155 

RCI vs. PM2.5 0.224 

RCI vs. PM1 0.269 
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Table 3-3. Average pollutant levels exposed to each participant 

 

 

Table 3-4. Summary of the intense occupational stressors experienced by 

participants (intensity of stress = 6, 7, 8, 9, 10) 

Participant HHCW  Type Stress 

Level 

Stressor Entry Was this a 

typical 

day? 

1 Physical Therapist 6 Difficulty finding the house of patient due to 

incorrect address. 

Yes 

1 Physical Therapist 7 Reading work email regarding incorrect 

documentation on pt. 

Yes 

1 Physical Therapist 6 Traffic traveling to last patient visit. Yes 

1 Physical Therapist 7 During a patient visit and pt has high level 

of stress and pain. 

Yes 

1 Physical Therapist 6 Down pour of rain due to storms in the area. Yes 

2 Developmentally 

Disabled 

7 Client A – If I can’t hear what he just said, 

I’ll say something like “What?” Instead of 

him repeating what he just said, he will give 

more details as if I don’t understand what he 

just said. 

Yes 

2 Developmentally 

Disabled 

9 Client B’s mom called to tell me not to come 

today due to client B being very ill. 

Yes and 

No 

2 Developmentally 

Disabled 

9 I made a call on Client A’s behalf. Getting 

this person to give a straight answer was like 

pulling an alligator’s teeth. 

Yes and 

No 

2 Developmentally 

Disabled 

6 Client A gave me a hard time about cleaning 

his home. Helps a little bit then not and not 

following simple instructions. Also trying to 

work over me, invading my personal space. 

He knows I don’t like my space invaded. 

Yes and 

No 

5 Medical Social 

Worker 

8 Meeting a staff member who has limited 

insight. 

Yes 

5 Medical Social 

Worker 

6 MRI for liver mass. Yes 
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5 Medical Social 

Worker 

7 Pt has med that is expensive. His assistance 

has not been approved. If he does not get his 

functional status, will be requiring hospital 

admission. 

Yes 

5 Medical Social 

Worker 

8 Job interview Yes 

5 Medical Social 

Worker 

9 Pt. Coverage for med not processed & will 

not process before his current Rx runs out. 

Yes 

5 Medical Social 

Worker 

6 Trying to identify care manager for services 

to get needed supplies for pt. 

Yes 

5 Medical Social 

Worker 

6 Pt. Struggling with spouse’s death and lack 

of family support. 

Yes 

6 RN Clinical 

Educator 

6 Staff meeting this morning Yes 

6 RN Clinical 

Educator 

8 Overwhelmed by several different issues in 

personal life. 

Yes 

7 Physical Therapist 7 Car crossed center lane and I swerved out of 

way 

Yes 

8 Physical Therapist 6 Call that start of care cancelled – No time 

later in week to reschedule. 

Yes but a 

typical 

rougher 

day 

8 Physical Therapist 6 Email that 3:00 cancelled. Need to move 

visit to today to meet productivity 

expectations. 

Yes but a 

typical 

rougher 

day 

8 Physical Therapist 6 3:30 visit running late coming home from 

visiting family. 

Yes but a 

typical 

rougher 

day 

8 Physical Therapist 6 Email from boss – start of care (~2.5 hr 

long) assigned for me far out of my territory. 

Only agreeable to late afternoon. 

Yes 

8 Physical Therapist 6 Older 2 kids school had to close. Need to be 

picked up. 

Yes 

8 Physical Therapist 6 Youngest has fever. Needs to be picked up 

from preschool. 

Yes 

8 Physical Therapist 6 Rude, agitated patient Yes 

9 Speech Language 

Pathologist 

8 Trying to leave patient to get to dentist appt. 

On time. 

Yes 

9 Speech Language 

Pathologist 

8 Dealing with patient and wife with 

significant cognitive deficits & poor recall 

for meds & diabetes. 

Yes  
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9 Speech Language 

Pathologist 

8 At my last patient & got a call daughter was 

sick & needed picked up but no one to pick 

her up until I was done. 

Yes  

9 Speech Language 

Pathologist 

7 Trying to find sitters to watch daughter 

tomorrow so I can work. 

Yes  

9 Speech Language 

Pathologist 

8 Get work done. Yes  

9 Speech Language 

Pathologist 

7 Left home late due to sick kid. Yes  

9 Speech Language 

Pathologist 

7 Patient & wife both have cognitive deficits 

and didn’t carryover simple task. 

Yes  

9 Speech Language 

Pathologist 

9 Received text daughter had thrown up & 

thought I was going to have to call off rest of 

day. 

Yes  

9 Speech Language 

Pathologist 

8 Step daughter of patient with poor insight 

into dementia and tried to do/challenge SLP. 

Yes  

9 Speech Language 

Pathologist 

8 Struggling to finish all work doc due to 

exhaustion 

Yes  

9 Speech Language 

Pathologist 

7 Sent patient to hospital 2 degrees change in 

neuro status & very hypotensive. 

Yes  

9 Speech Language 

Pathologist 

8 Running behind. Cancelled 1 patient. Yes  

9 Speech Language 

Pathologist 

6 In the middle of a private pay evaluation 

with patient & 3 family members I got a call 

from. & Daycare called to send daughter 

home. 

Yes  

9 Speech Language 

Pathologist 

9 Trying to find babysitters for Thursday. 

Trying to get work done, up & down with 

daughter until 2:30AM. 

Yes  

9 Speech Language 

Pathologist 

6 Late to patient post eye doctor. Preparing for 

a difficult conversation w/ patient & family 

member today. Patient isn’t safe home alone. 

Needs assisted living, private duty in home 

or ST (me) would have to call adult 

protective services. 

Yes  

9 Speech Language 

Pathologist 

6 Still working and won’t be home in time for 

start of daughter’s therapy session. 

Yes  

9 Speech Language 

Pathologist 

8 Prepping daughter for bath and bed. She 

then dumped whole box of Cheerios on 

floor. 

Yes  

9 Speech Language 

Pathologist 

6 Trying to find babysitter so I can work 

tomorrow. 

Yes  

9 Speech Language 

Pathologist 

9 A lot of docs left but too tired to finish. Yes  
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9 Speech Language 

Pathologist 

9 Supposed to be at 1st patient at 9:00, but my 

firend was late. Had to take my daughter 

with me to my 1st patient for my friend to 

pick up daughter from there. 

Shorter 

day – 2 

patients 

9 Speech Language 

Pathologist 

8 Patient with dementia messed up meds again 

& husband not helpful. Patient had a 

hypotensive BP – had to call with her doc. 

Shorter 

day – 2 

patients 

9 Speech Language 

Pathologist 

7 Worked on week’s docs. Shorter 

day – 2 

patients 

12 Physical Therapist 6 Start of care cancelled. Will once again not 

meet productivity expectations for day. 

Yes 

12 Physical Therapist 6 Root cause analysis discussing patient of 

mine that passed away last week. 

Yes 

12 Physical Therapist 8 Hydroplaned on back roads in 

Independence. Van making noise. 

No 

 

Table 3-5. Emotional behavioral reaction frequencies in the work stress 

diaries 

Emotional Behavioral Reaction   Count   Percent   

Frustration / Aggravated / Mad / Anger  30 22.39% 

Overwhelmed / Inadequacy / Depleted / 

Fatigue / Tired / Exhausted / Insufficient  21 15.67% 

Irritated / Annoyed  13 9.70% 

Nervous / Anxious / Uncomfortable / 

Drained  10 7.46% 

Stress  9 6.72% 

Worry  9 6.72% 

Fear / Afraid / Scared / Concerned / 

Cautious  8 5.97% 

Rushed  7 5.22% 

Happy / Good / Hopeful / At Ease / Excited  6 4.48% 

"Increased Heart Rate"  6 4.48% 

Calm / Satisfied / Accomplishment / Relief  5 3.73% 

Sad / Disappointed / Unvalued / Grief  5 3.73% 

Ashamed / Unheard  2 1.49% 

Tension  2 1.49% 

Distracted  1 0.75% 

Total   134 100% 
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APPENDIX A. PUBLISHED ABSTRACTS AND 

CONFERENCE PRESENTATIONS 

The findings described in this dissertation were also presented at the conferences in the 

form of posters and platform presentations listed below. 

POSTER 

Gerding, T, AIHce American Industrial Hygiene annual conference and expo, “An Investigation 

into Occupational Related Stress  of At-Risk Workers During COVID-19 ”, Nashville, 

Tennessee, National, Accepted. (May 24, 2022). 

Gerding, T, University of Cincinnati Pilot Research Project Symposium, “Investigation of 

Occupationally-Related Stress of At-Risk Workers During COVID-19”, Cincinnati, Ohio, Local, 

Invited. (October 21, 2021). 

Gerding, T, Central Appalachian Regional Education and Research Center Symposium, “An 

Assessment of Ergonomic Issues in the Home Offices of University Employees Sent Home Due 

to the COVID-19 Pandemic”, Virtual, Kentucky, Regional, Accepted, 1st place. (March 12, 

2021). 

 

PRESENTATION 

Gerding, T, Student Research Findings Symposium, “Investigation of Occupationally-Related 

Stress During COVID-19”, University of Cincinnati, Cincinnati, Ohio, Invited. (January 10, 

2023). 

Gerding, T, Pilot Research Project Symposium, “Investigation of Occupationally-Related Stress 

During COVID-19”, University of Cincinnati, Cincinnati, Ohio, Invited. (October 21, 2022). 

Gerding, T, National Environmental Health Association’s Annual Education Conference, “An 

Assessment of Ergonomic Office Issues Faced by University Populations Due to the COVID-19 

Pandemic”, Virtual, Invited. (June 1-2, 2021). 

Gerding, T, Center for Occupational & Environmental Health Education and Research Centers 

Ergonomics Webinar Series “An Investigation of Home Ergonomic Issues Experienced by 

University Faculty and Students Due to COVID-19”, Virtual, California, Invited. (May 19, 

2021). 



83 

Gerding, T, Syck, M, Kentucky Environmental Health Association’s Annual Education 

Conference, “An Assessment of Ergonomic Issues in the Home Offices of University Employees 

Sent Home Due to the COVID-19 Pandemic”, Virtual, Kentucky, Invited. (February 10, 2021). 

 

 

 

 

 

 

 

 

 

 

 

 

 



84 

APPENDIX B. SURVEY INSTRUMENT FOR CHAPTER 

ONE 
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APPENDIX C. PARTICIPANT INSTRUCTIONS FOR 

CHAPTER TWO 

Participant Instructions for: 

“Investigation of Occupationally-Related Stress of At-Risk Workers During 

COVID-19” 

 

A Pilot Research Project study by: 

Principle Investigator: Thomas Gerding, MPH 

Study Mentors: Jun Wang, PhD & Peggy Zoccola, PhD 

 

This research study was supported by the National Institute for Occupational 

Safety and Health through the Pilot Research Project Training Program of the 

University of Cincinnati Education and Research Center Grant #T42OH008432 
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Study materials for this study should include the following: 

• Nine (9) SalivaBio collection vials by Salimetrics – To collect saliva samples three times 

per day for the study duration of three days 

• Daily stress diary – to log any stressors experienced while working during the three days 

of the study 

• Pre-paid return postage – to return any study materials to the University of Cincinnati 

 

Each of the three study days, please do the following: 

• Collect a saliva sample once when you wake up, once at the start of your lunch break, 

and once at the end of your work shift. 

• While you are working during the three days, please keep a record in the stress diary 

provided to you of any event you experience which causes you to feel stressed. Please 

also include the time of the occurrence, the severity of the stressor on the 1-5 scale, and 

any other pertinent details. 

 

Prior to collecting a sample, please view this instructional video from the manufacturer for a 

tutorial: https://salimetrics.com/passive-drool-saliva-collection-video/  

To collect a saliva sample, complete the following: 

1. Open the foil pouch and remove the Saliva Collection Aid (SCA). 

2. Place the ribbed-end of the SCA securely into a pre-labeled collection vial 

3. Allow saliva to pool in mouth. Then, with head tilted forward, gently guide saliva 

through the SCA into the vial. Fill to the required volume, leaving a small amount of air 

space in the vial to accommodate liquid expansion during freezing. 

4. Remove and discard SCA. Attach cap to collection vial and tighten. 

5. Immediately after collection, place sample in a freezer as soon as possible. If freezing is 

not possible, refrigerate immediately at 4oC and maintain at this temperature for no 

longer than necessary before placing in a freezer. 

At the end of the third and final day of this study, please place all study materials in the pre-paid 

shipping container and return this to the University of Cincinnati. 

Should any questions or concerns arise, please do not hesitate to contact the principal 

investigator: 

Thomas Gerding, MPH 

Phone: 859-446-1905 

Email: gerdintr@mail.uc.edu 

University of Cincinnati, Department of Environmental and Public Health Sciences 

https://salimetrics.com/passive-drool-saliva-collection-video/
mailto:gerdintr@mail.uc.edu
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APPENDIX D. INFORMATION SHEET FOR 

PARTICIPANTS IN CHAPTER TWO 

UNIVERSITY OF CINCINNATI INFORMATION SHEET FOR RESEARCH STUDY 

 

STUDY TITLE: 

Investigation of Occupationally-Related Stress of At-Risk Workers During COVID-19 

 

PRINCIPAL INVESTIGATOR NAME:  

Thomas Gerding, MPH 

 

PHONE NUMBER (24-hour Emergency 

Contact) 

(859)446-1905 

 

FACULTY ADVISOR (if PI is student): 

Jun Wang, PhD 

 

DEPARTMENT: 

Environmental and Public Health Sciences 

 

 

INTRODUCTION 

You are being asked to take part in a research study.  Please read this paper carefully and ask 

questions about anything that you do not understand.  

This research is sponsored by the National Institute for Occupational Safety and Health through 

the Pilot Research Project Training Program of the University of Cincinnati Education and 

Research Center.  

 

WHO IS DOING THIS RESEARCH STUDY? 

The person in charge of this research study is Thomas Gerding, MPH of the University of 

Cincinnati (UC) Department of Environmental and Public Health Sciences. He is being guided in 

this research by Jun Wang, PhD and Peggy Zoccola, PhD. 

 

WHAT IS THE PURPOSE OF THIS RESEARCH STUDY? 

The purpose of this research study is to investigate the validity of relating daily work-related 
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stressor experiences with changes in salivary cortisol through self-administered sampling. 

Cortisol is a hormone that is released in the body when one feels stressed. 

 

WHO WILL BE IN THIS RESEARCH STUDY? 

About 15 people will take part in this study. You may be in this study if you are:  

- 18 years old or older; 

- Employed in the greater Cincinnati area; 

- Do not have mental/physical health conditions known to affect HPA axis (i.e., Cushing’s 

disease or major depression) 

- A nonsmoker 

 

WHAT IF YOU ARE AN EMPLOYEE WHERE THE RESEARCH STUDY IS DONE? 

Taking part in this research study is not part of your job. Refusing to be in the study will not 

affect your job. You will not be offered any special work-related benefits if you take part in this 

study. 

 

WHAT WILL YOU BE ASKED TO DO IN THIS RESEARCH STUDY AND HOW 

LONG WILL IT TAKE? 

You will be asked to complete a brief survey which will take 15-20 minutes to complete. The 

survey will take place digitally, in a computer program called REDCAP where the data will be 

collected. As the survey will be completed online, it can be taken at a time convenient for you. 

Following the conclusion of the survey period, a select group of participants (15) will be asked to 

complete the second phase of this study. 

In the second phase, should you be asked to participate, you will be provided with nine saliva 

sampling vials (three per day) and a daily stress diary for a period lasting three workdays. Here, 

you will be asked to provide a saliva sample at three times during a working day: once upon 

waking, once at the start of the lunch break, and once at the end of the work shift. Additionally, 

you will be asked to document any stressors in the provided daily stress diary including whether 

the stressor was work related, the severity of the stressor, and any other relevant details about the 

occurrence.  

All activities related to phase two will be conducted at your place of employment; it will not be 

necessary to come to the University of Cincinnati as saliva samples will be self-administered. 

Upon completion of the three-day period, samples are to be mailed via pre-paid postage to the 

Kettering Laboratory at the University of Cincinnati.  
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ARE THERE ANY RISKS TO BEING IN THIS RESEARCH STUDY? 

It is not expected that you will be exposed to any risk by allowing your saliva samples or 

subjective stress levels to be used in this research study. All samples and diaries collected will be 

deidentified from the individual who provided both. 

 

ARE THERE ANY BENEFITS FROM BEING IN THIS RESEARCH STUDY? 

You will probably not get any benefit because of being in this study. However, being in this 

study may help the scientific community gain a better understanding related to how experiencing 

occupational events can impact personal stress levels, especially during the ongoing pandemic. 

 

WHAT WILL YOU GET BECAUSE OF BEING IN THIS RESEARCH STUDY? 

Participants in the initial survey will be entered into a drawing to win one of four $25 Amazon 

gift cards. There will be four total winners from this portion.  

Participants in the second phase which will include the saliva sample collections and the daily 

stress diary will each receive a $50 Amazon gift card upon completion of this phase and the 

return of all study materials. The gift cards will be to thank you for providing your time and 

being included in the study 

 

DO YOU HAVE CHOICES ABOUT TAKING PART IN THIS RESEARCH STUDY? 

If you do not want to take part in this research study you may simply not participate. 

 

HOW WILL YOUR RESEARCH INFORMATION BE KEPT CONFIDENTIAL? 

Information about you will be kept private by using a study ID number instead of participants’ 

names on the research forms and keeping the master list of names and study ID numbers in a 

separate location from the research forms. 

Your deidentified information will be kept in a locked cabinet in Dr. Jun Wang’s lab within the 

Kettering Laboratory building at the University of Cincinnati for two years upon completion of 

the study. Federal regulations require the signed consent documents (i.e., this form) be retained 

for a minimum of three years upon completion of the study. Upon completion of the study, 

computerized records will be deleted, and paper research files will be shredded. The data from 

this research study may be published, but you will not be identified by name.  

Agents of the University of Cincinnati and the National Institute for Occupational Safety and 

Health may inspect study records for audit or quality assurance purposes. 

Your identity and information will be kept confidential unless the authorities have to be notified 
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about abuse or immediate harm that may come to you or others. 

 

WHAT ARE YOUR LEGAL RIGHTS IN THIS RESEARCH STUDY? 

Nothing in this consent form waives any legal rights you may have. This consent form also does 

not release the investigator, the National Institute for Occupational Safety and Health, the 

institution, or its agents from liability for negligence.   

 

WHAT IF YOU HAVE QUESTIONS ABOUT THIS RESEARCH STUDY? 

If you have any questions or concerns about this research study, you should contact Thomas 

Gerding, MPH at gerdintr@mail.uc.edu or you may contact Jun Wang, PhD at 

wang6ju@ucmail.uc.edu.  

The UC Institutional Review Board reviews all research projects that involve human participants 

to be sure the rights and welfare of participants are protected.   

If you have questions about your rights as a participant, complaints and/or suggestions about the 

study, you may contact the UC IRB at (513) 558-5259.  Or, you may call the UC Research 

Compliance Hotline at (800) 889-1547, or write to the IRB, 300 University Hall, ML 0567, 51 

Goodman Drive, Cincinnati, OH 45221-0567, or email the IRB office at irb@ucmail.uc.edu. 

 

DO YOU HAVE TO TAKE PART IN THIS RESEARCH STUDY? 

No one has to be in this research study. Refusing to take part will NOT cause any penalty or loss 

of benefits that you would otherwise have. You may skip any questions that you don’t want to 

answer. 

You may start and then change your mind and stop at any time.  To stop being in the study, you 

should tell Thomas Gerding at gerdintr@mail.uc.edu.  

BY TURNING IN YOUR COMPLETED SURVEY (or BY TAKING PART IN THESE 

ACTIVITIES) YOU INDICATE YOUR CONSENT FOR YOUR ANSWERS TO BE USED IN 

THIS RESEARCH STUDY. 

PLEASE KEEP THIS INFORMATION SHEET FOR YOUR REFERENCE. 

 

 

mailto:gerdintr@mail.uc.edu
mailto:wang6ju@ucmail.uc.edu
mailto:irb@ucmail.uc.edu
mailto:gerdintr@mail.uc.edu
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APPENDIX E. EXAMPLE STRESS DIARY USED FROM 

CHAPTHER TWO 
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APPENDIX F. ENROLLMENT SURVEY INSTRUMENT 

FOR CHAPTER THREE  
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APPENDIX G. PARTICIPANT INSTRUCTIONS FOR 

CHAPTER THREE 

Participant Instructions for: 

“Occupation-Related Stress of Home Healthcare Workers and Ambient 

Pollution Exposures” 

 

A study by: 

Principle Investigator: Thomas Gerding, MPH 

Study Mentor: Jun Wang, PhD 

 

This research study was supported by the National Institute for Occupational 

Safety and Health through the Targeted Research Training Program of the 

University of Cincinnati Education and Research Center Grant #T42OH008432 

 

 

 

Study materials for this study should include the following: 

• SalivaBio collection vials by Salimetrics – To collect saliva samples three times per day 

for the study duration of one work week, i.e., an individual who works three twelve-hour 

shifts would receive nine vials while an individual who works five eight-hour shifts 

would receive fifteen vials; 

• Saliva sampling aids equivalent to the number of sampling vials provided;  

• Daily stress diary – to log any stressors experienced while working during the week of 

the study; 

• An example stress diary; 

• An ice pack to help keep samples cool during transportation; 

• This set of instructions. 

• A lightweight air quality monitor which is linked to a tablet also provided (Flow 2, 

Plume Labs, Paris, France & Tibuta Masterpad t100, Tibuta Inc., Goa, India). 
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Each day during the study period, please do the following: 

• Collect a saliva sample once when you start your shift, once at the start of your lunch 

break, and once at the end of your shift. 

• While you are working, please keep a record in the stress diary provided to you of any 

event you experience which causes you to feel stressed. Please also include the time of 

the occurrence, the severity of the stressor on the 1-10 scale, and any other pertinent 

details outlined in the diary. 

• Either wear the lightweight air quality monitor on your person or keep this attached to 

your laptop bag or backpack to monitor air quality throughout the work day. 

 

To collect a saliva sample, please complete the following (a more detailed explanation can be 

found in the video tutorial here: https://salimetrics.com/passive-drool-saliva-collection-

video/#header ): 

1. Open the foil pouch and remove the Saliva Collection Aid (SCA).  

2. Place the ribbed-end of the SCA securely into a pre-labeled collection vial 

3. Allow saliva to pool in mouth. Then, with head tilted forward, gently guide saliva 

through the SCA into the vial. Fill to the required volume, leaving a small amount of air 

space in the vial to accommodate liquid expansion during freezing. 

4. Remove and discard SCA. Attach cap to collection vial and tighten. 

5. Place the saliva sample in a freezer immediately after collection.  If immediate freezing is 

not possible, refrigerate the sample until it can be transferred to a freezer. 

 

At the end of the work week, please place all study materials in the Styrofoam cooler inside the 

cardboard box  and the PI, Thomas Gerding, will pick this box of study materials up at a place 

and time convenient to you. 

Should any questions or concerns arise, please do not hesitate to contact the principal 

investigator: 

Thomas Gerding, MPH         Email: 

gerdintr@mail.uc.edu 

Phone: 859-446-1905             University of Cincinnati, Department of Environmental and Public 

Health Sciences 

Flow 2 & App Instructions 

 

 

https://salimetrics.com/passive-drool-saliva-collection-video/#header
https://salimetrics.com/passive-drool-saliva-collection-video/#header
mailto:gerdintr@mail.uc.edu
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Materials:  

Tablet: Tibuta MasterPad T100 

 

App: Flow 

 

Air Monitor: Flow 2 by Plume Labs 

 

 

The Tibuta MasterPad T100 already has the Flow app installed and the air monitor was 

previously connected to the app installed on your device.  

When you open the app, the “loading” bar along the top of the screen displays how much of the 

data from the Flow air monitor has been imported into the app (Image 1). This may take a few 

minutes if it has been a few days since the app has been opened. Below the loading bar, the 

Flow’s battery life will be displayed and whether the monitor is successfully in sync with the 

app. This is displayed through the bluetooth icon appearing in blue. 
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In the bottom right corner, click on the image of the gear to access the settings.  

 

Image 1: Flow app homescreen. 

 

 

 

Once the settings screen has been selected, you can see the email address connected with the app. 

When you export the data collected into the app, this information will be sent to the associated 

email (Image 2). It is important to remember that the data stored in the app should be exported 

every FOUR DAYS. The app may store data for up to a maximum of five days. For this reason, 

at the conclusion of the fourth day of your study period, please export the data collected from the 

app.  
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Once you click “Export my data”, the screen below will appear (Image 3). Please ensure that 

your device is connected to wi-fi so that no connectivity issues arrive. If you need technical 

support at this time, please don’t hesitate to reach out to Thomas Gerding at: 859-446-1905. 

 

 

Image 2: Flow app settings screen.                               Image 3: Exporting your data. 

 

The next two screens will display “Your data is being prepared...” and “Your data is on the 

way!” (Image 4 & Image 5). There is nothing to do during this period as your data is being 

exported and emailed as a zip file. Once the screen appears that displays “Your data is on the 

way!”, you may then click “OK” and return to the home screen. The monitor and app will 

continue to collect data which will then need to be extracted again for the second half of the 

study week. 



113 

 

Image 4: Your data is being prepared.                         Image 5: Your data is on the way. 

 

Best practices: 

- The tablet does not need to be in the vicinity of the monitor at all times. You may leave 

the tablet plugged in to the charger and let if continually charge at your home during the 

week. 

- The Flow monitor has a battery life of 24+ hours. This may be charged overnight and 

kept on your person during the day without worrying about the battery dying. While the 

monitor is plugged in and charging, please ensure that the light at the bottom of the 

device is either flashing red, flashing yellow, or solid green. A flashing red or yellow 

light means that it is charging, and the battery is almost dead (if red) or partially charged 

(if yellow). A solid green light means that the monitor is fully charged. 
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APPENDIX H. INFORMATION SHEET FOR CHAPTER 

THREE 

 

UNIVERSITY OF CINCINNATI INFORMATION SHEET FOR RESEARCH STUDY 

 

STUDY TITLE: 

Occupation-Related Stress of Home Healthcare Workers and Ambient Pollution 

Exposures 

 

PRINCIPAL INVESTIGATOR NAME:  

Thomas Gerding, MPH 

 

PHONE NUMBER (24-hour Emergency 

Contact) 

(859) 446-1905 

 

FACULTY ADVISOR (if PI is student): 

Jun Wang, PhD 

 

DEPARTMENT: 

Environmental and Public Health Sciences 

 

 

INTRODUCTION 

You are being asked to take part in a research study.  Please read this paper carefully and ask 

questions about anything that you do not understand.  

This research is sponsored by the National Institute for Occupational Safety and Health through 

the Targeted Research Training Program of the University of Cincinnati Education and Research 

Center.  

 

WHO IS DOING THIS RESEARCH STUDY? 

The person in charge of this research study is Thomas Gerding, MPH of the University of 

Cincinnati (UC) Department of Environmental and Public Health Sciences. He is being guided in 

this research by Jun Wang, PhD. 
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WHAT IS THE PURPOSE OF THIS RESEARCH STUDY? 

The purpose of this research study is two-fold. The first purpose is to investigate the relationship 

between daily work-related stressors and changes in salivary cortisol levels using self-collected 

saliva sampling. Cortisol is a hormone that is released in the body when one feels stressed. The 

second purpose is to correlate changes in salivary cortisol levels with exposure to ambient air 

pollution while typical working days are completed with the use of lightweight, personal air 

samplers. This is an exploratory aim to determine if there is a relationship between airborne 

pollution exposure and cortisol levels. 

 

WHO WILL BE IN THIS RESEARCH STUDY? 

About 12 people will take part in this study. You may be in this study if you are:  

- 18 years old or older; 

- Employed as a home healthcare worker in the greater Cincinnati area; 

- Do not have mental/physical health conditions known to affect the hypothalamic-

pituitary-adrenal (HPA) axis (i.e., Cushing’s disease or major depression) 

- A non-nicotine user 

- Fluent English speaker 

 

WHAT IF YOU ARE AN EMPLOYEE WHERE THE RESEARCH STUDY IS DONE? 

Taking part in this research study is not part of your job. Refusing to be in the study will not 

affect your job. You will not be offered any special work-related benefits if you take part in this 

study. 

 

WHAT WILL YOU BE ASKED TO DO IN THIS RESEARCH STUDY AND HOW 

LONG WILL IT TAKE? 

You will be asked to complete a brief enrollment survey. This survey will take approximately 5 

minutes to complete. The survey will take place digitally, in a computer program called 

REDCap. Survey response data will be collected and stored in REDCap. As the survey will be 

completed online, it can be taken at a time convenient for you. Following the conclusion of the 

survey period, a select group of up to 12 participants will be asked to complete this study. 

Should you be asked to participate, you will be provided with sufficient saliva sampling vials to 

provide three saliva samples per working day and a daily stress diary for a period lasting one 

work week. Sample vials should be stored within the Salimetrics saliva vial storage box which 

should be stored within a refrigerator until returned to the principle investigator (PI), Thomas 

Gerding. An individual who works three twelve-hour shifts would receive nine vials while an 

individual who works five eight-hour shifts would receive fifteen vials. The three saliva samples 

will be self-collected at the following times: 
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• once at the beginning of the work shift,  

• once at the start of the lunch break,  

• and once at the end of the work shift.  

 

Additionally, you will be asked to document any stressors in the provided daily stress diary 

including whether the stressor was work related, the severity of the stressor, and any other 

relevant details about the occurrence.  

Lastly, a lightweight personal air monitor (Flow 2, Plume Labs Inc., Paris, France) will be 

utilized to record airborne pollutant exposure over the course of the work week. The pollutants 

recorded by this air monitor at one-minute intervals include particulate matter ranging in sizes of 

1 micron and smaller, 2.5 microns and smaller, and ten microns and smaller (PM1, PM2.5, and 

PM10), NO2, and volatile organic compounds (VOCs). The monitor may be attached to your 

backpack or laptop bag to keep this with you as you navigate the workday, going from house to 

house. The air monitor that will be assigned to you will also have an accompanying Android 

tablet (Tibuta MasterPad T100, Tibuta Inc., Goa, India) with which the data will be extracted 

through. As the monitor has the capacity to store up to five days worth of data, this extraction 

will need to occur on the 4th and final days of sampling. The purpose of this portion is to 

determine if there is a statistical relationship between air pollution exposure and cortisol levels. 

All activities related to this study will be conducted at your place of employment; it will not be 

necessary to come to the University of Cincinnati as saliva samples will be self-collected. Upon 

completion of the study period, samples and diaries will be collected by the PI who will meet 

you at a time and place convenient for you and any materials will be stored at Kettering 

Laboratory at the University of Cincinnati.   

 

ARE THERE ANY RISKS TO BEING IN THIS RESEARCH STUDY? 

It is not expected that you will be exposed to any risk by allowing your saliva samples or 

subjective stress data to be used in this research study. Your name and any information that 

could be used to identify you will be removed from all saliva samples and diaries collected as 

part of this research study.  All saliva samples and diaries will be assigned a unique code to 

protect your identity.   

 

ARE THERE ANY BENEFITS FROM BEING IN THIS RESEARCH STUDY? 

You will not receive any benefits by participating in the research study. However, knowledge 

gained through your participation in this research study may help the scientific community gain a 

better understanding as to how experiencing occupational events can impact personal stress 

levels, especially within the home healthcare sector. 
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WHAT WILL YOU GET BECAUSE OF BEING IN THIS RESEARCH STUDY? 

Participants in this study will each receive a $50 Amazon gift card upon completion of the study 

and the return of all study materials.  

 

DO YOU HAVE CHOICES ABOUT TAKING PART IN THIS RESEARCH STUDY? 

If you do not want to take part in this research study, you may simply choose not to participate. 

 

HOW WILL YOUR RESEARCH INFORMATION BE KEPT CONFIDENTIAL? 

Information about you will be kept private by assigning a unique code to all saliva samples and 

data.  A key that links the unique code to your individually identifying information will be kept 

in a secure location that can only be accessed by the study team. 

Your information and the saliva samples collected as part of this research project will not be used 

or distributed for future research studies, even if identifiers are removed. Viable saliva samples 

will be stored within our laboratory in the Kettering Laboratory building at the University of 

Cincinnati will be stored no longer than six months after the conclusion of the data analysis. This 

is to reanalyze samples, if necessary, for quality assurance purposes. Data collected regarding air 

pollution exposure will be retained so as to provide if requested once the study team submits the 

final manuscript to a journal. 

Study data will be kept in a locked cabinet in Dr. Jun Wang’s lab within the Kettering 

Laboratory building at the University of Cincinnati for two years upon completion of the study. 

Federal regulations require the signed consent documents (i.e., this form) be retained for a 

minimum of three years upon completion of the study. Upon completion of the study, 

computerized records will be deleted, and paper research files will be shredded. The data from 

this research study may be published, but you will not be identified by name.  

Agents of the University of Cincinnati and the National Institute for Occupational Safety and 

Health may inspect study records for audit or quality assurance purposes. 

Your identity and information will be kept confidential unless the authorities have to be notified 

about abuse or immediate harm that may come to you or others. 

 

WHAT ARE YOUR LEGAL RIGHTS IN THIS RESEARCH STUDY? 

Nothing in this consent form waives any legal rights you may have. This consent form also does 

not release the investigator, the National Institute for Occupational Safety and Health, the 

institution, or its agents from liability for negligence.   
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WHAT IF YOU HAVE QUESTIONS ABOUT THIS RESEARCH STUDY? 

If you have any questions or concerns about this research study, you should contact Thomas 

Gerding, MPH at gerdintr@mail.uc.edu or you may contact Jun Wang, PhD at 

wang6ju@ucmail.uc.edu.  

The UC Institutional Review Board reviews all research projects that involve human participants 

to be sure the rights and welfare of participants are protected.   

If you have questions about your rights as a participant, complaints and/or suggestions about the 

study, you may contact the UC IRB at (513) 558-5259.  Or, you may call the UC Research 

Compliance Hotline at (800) 889-1547, or write to the IRB, 300 University Hall, ML 0567, 51 

Goodman Drive, Cincinnati, OH 45221-0567, or email the IRB office at irb@ucmail.uc.edu. 

 

DO YOU HAVE TO TAKE PART IN THIS RESEARCH STUDY? 

You do not have to take part in this research study. Refusing to take part will not result in any 

penalty or loss of benefits that you would otherwise have. You may skip any questions that you 

don’t want to answer. 

You may start and then change your mind and stop at any time.  To stop being in the study, 

please contact the study PI, Thomas Gerding, at gerdintr@mail.uc.edu.  

BY TURNING IN YOUR COMPLETED SURVEY (or BY TAKING PART IN THESE 

ACTIVITIES) YOU INDICATE YOUR CONSENT FOR YOUR ANSWERS TO BE USED IN 

THIS RESEARCH STUDY. 

PLEASE KEEP THIS INFORMATION SHEET FOR YOUR REFERENCE. 

 

 

 

 

 

 

 

 

 

 

 

mailto:gerdintr@mail.uc.edu
mailto:wang6ju@ucmail.uc.edu
mailto:irb@ucmail.uc.edu
mailto:gerdintr@mail.uc.edu
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APPENDIX I. EXAMPLE STRESS DIARY FROM 

CHAPTHER THREE 

 


