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ABSTRACT OF THE DISSERTATION 

Impacts of COVID-19 on Essential Worker Populations 

in Los Angeles County, California,  

with a Focus on Healthcare Workers and First Responders 

by 

Cynthia M. Beard 

Doctor of Philosophy in Epidemiology 

University of California, Los Angeles, 2023 

Professor Anne W. Rimoin, Chair 

As the COVID-19 pandemic continues into a third year, estimates of the proportion of 

Americans that have been infected at least once range from 42-60%, and an estimated 6% of 

U.S. adults are currently experiencing the effects of long COVID. The pandemic has uniquely 

stressed workers in many sectors considered essential, from healthcare workers and first 

responders to farm workers, retail workers, and manufacturers.  

This dissertation aims to understand whether and how the impacts of COVID-19 are associated 

with occupation in the context of Los Angeles (LA) County, California. After an introduction to 

COVID-19 and its impacts on population mental health and on essential workers, Chapter 2 

presents an ecologic analysis using data from the U.S. Census American Community Survey 

and the LA County Department of Public Health. This analysis examines if LA County 

communities with a higher share of their workforces in specific occupations (healthcare, first 

response, education, or food service) were more or less impacted throughout the COVID-19 

pandemic. A higher proportion of a community’s workforce employed in healthcare or education 
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was associated with lower COVID-19 impact, while a higher proportion of a community’s 

workforce in first response or food service was associated with higher COVID-19 impact. 

Chapters 3 and 4 use data from a longitudinal cohort study of COVID-19 infection risk in LA-

based healthcare workers and first responders to conduct longitudinal analyses on risk factors 

associated with infection risk and mental health outcomes between May 2020-Sept 2021.  

Nurses had higher odds of anxiety and of trauma response compared to physicians. Moderate 

and high levels of hospital bed occupancy were associated with higher odds of low resilience 

compared to a low level of bed occupancy, but were not associated with anxiety level or trauma 

response.  

Infection risk, vaccination rate, and mental health outcomes differed between healthcare 

workers and first responders. Time since study baseline was associated with most mental 

health outcomes across models, but the relationship is nuanced.  

Finally, Chapter 5 discusses the public health implications of the research, including potential 

polices and interventions that may better protect the physical and mental health of workers 

across the economy.  
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1 Chapter 1: Introduction 

1.1 Early History of COVID-19 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the disease it causes, 

coronavirus disease 2019 (COVID-19) first emerged in the city of Wuhan in Hubei province in 

central China in December of 2019.1 Local hospitals in Wuhan initially identified an outbreak of 

pneumonia cases of unknown origin, and on December 31, the local government in Wuhan 

reported that dozens of cases of this unknown pneumonia were being treated.2,3 The disease 

spread outside of Hubei province in mid-January 2020.4 Epidemiologic investigations initially 

tied the outbreak to the Huanan Seafood Wholesale Market in Wuhan, as two of the three 

earliest cases were directly linked to the market, as were 28% of all cases reported in 

December 2019.5 Further research in late 2021 suggested that the initial human case was a 

vendor at that market whose symptoms began on December 1, 2019.6  

The virus continued to spread within China and to other countries including Taiwan, Japan, 

Thailand, South Korea, and the United States.3 On January 30, 2020, the World Health 

Organization declared the outbreak a Public Health Emergency of International Concern.7 The 

WHO later declared the outbreak to be a pandemic on March 11, 2020.8  

The first SARS-CoV-2 (at the time known as 2019-nCoV) infection in the U.S. was reported on 

January 20, 2020 in Washington state. The patient had recently returned from travel to Wuhan, 

China, leading the clinic to report the illness to the local and state health departments, who then 

notified the Centers for Disease Control and Prevention (CDC). The CDC then confirmed that 

the patient’s biological samples tested positive for SARS-CoV-2 via a real-time reverse-

transcriptase—polymerase chain reaction (rRT-PCR) assay.9 The patient had not visited the 

seafood market and did not recall having any contact with sick individuals during his travel to 

Wuhan, suggesting possible person-to-person asymptomatic transmission.9 The U.S. Secretary 
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of Health and Human Services declared a national public health emergency on January 31, 

2020.10  

The first reported death from COVID-19 in the U.S. occurred on February 29, also in 

Washington state, although later reporting from Santa Clara County, California revealed that 

there had been two COVID-19 deaths there on February 6 and February 17.3 The first case of 

possible community spread in the U.S. was identified in California on February 26.11 By April 26, 

2020, there had been over 1 million confirmed COVID-19 cases in the U.S. The country 

surpassed 10 million cases on November 6, 2020. The largest surges in cases occurred in 

November 2020-January 2021 (driven by the original strain), August 2021-September 2021 

(driven by the Delta variant), December 2021-February 2022 (driven by the Omicron variant), 

and May 2022-September 2022 (driven by several Omicron sublineages).12  

Chinese researchers publicly shared the full genetic sequence of the novel virus on January 7, 

2020, which allowed researchers around the world to begin research on developing diagnostics, 

vaccines, and therapeutics.9 Several drugs and vaccines received Emergency Use 

Authorization (EUA) and, eventually, full approval from the U.S. Food and Drug Administration 

(FDA) throughout the pandemic response, including remdesivir, Paxlovid, the Pfizer/BioNTech 

vaccine, and the Moderna vaccine.11  

On December 11, 2020, the FDA granted EUA for the COVID-19 vaccine developed by 

Pfizer/BioNTech for use in adults 18 years of age and older, allowing nationwide distribution and 

administration of vaccines to begin.13 As of February 2023, bivalent booster doses of both the 

Pfizer/BioNTech vaccine and the Moderna vaccine have been authorized for administration to 

individuals who meet the eligibility criteria.13 Both vaccines also have EUA for use in children 

ages 6 months and older.  

Vaccination efforts in the U.S. were initially slow as production ramped up and as more 

individuals became eligible to receive a vaccine. As of February 23, 2023, 269,459,752 (81.2%) 

people in the U.S. have received at least one dose, 229.996,296 (69.3%) have completed their 
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primary series of vaccine, and 53,350,658 (16.1%) have received a bivalent booster dose.12

 

1.2 Epidemiology of COVID-19 

Countries were able to quickly develop tests for SARS-CoV-2 and antibodies to the virus, but 

global supply chain disruptions limited access to testing supplies, which delayed the 

implementation of widespread diagnostic testing to aid in containment efforts.  

Data from early cases in China and elsewhere produced estimates of the incubation period for 

the disease caused by the original strain of the virus of between 2 and 14 days, with a median 

of around 4-6 days.1,4,14,15 This represents the amount of time between infection and symptom 

onset and is important to understand to allow for individual-level treatment. The estimated 

median incubation period for the Delta variant is 4 days, and the estimated median incubation 

period of the Omicron variant is 3-4 days.16–18  

The latent period of a disease is the time between infection and when an individual becomes 

infectious and is important to understand for the prevention of disease transmission at the 

population level.19 The estimated mean latent period for COVID-19 is between 2.9 and 5.5 days, 

with the majority of cases shedding virus before 10 days post-infection.20,21 

Figure 1-1: Epidemic curve of the COVID-19 epidemic in the United States, also showing total vaccines administered 
over time (source: CDC) 
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A disease’s infectious period is the window in which an infected individual is shedding virus and 

infectious. Prior to the emergence of the Delta and Omicron variants, the infectious period in 

most infected people lasted up to 10 days, with a mean of around 6.3 days.21 For individuals 

infected with the Omicron subvariants, the period of greatest likelihood for transmission appears 

to be 1-2 days prior to symptom onset and 2-3 days after symptom onset.22 However, there is 

ongoing discussion about how long infected individuals are truly contagious with the Omicron 

subvariants, which has been challenging to study given such varying levels of immunity in the 

population due to widespread natural infection, vaccination, and boosters. 

The basic reproductive number (R0) of a disease is the average number of secondary infections 

caused by an infected case in a completely susceptible population. The effective reproductive 

number (Re) is the average number of secondary infections caused by an infected case under 

“real world” conditions (i.e., not in a completely susceptible population). The Re of COVID-19 

has been difficult to estimate throughout the pandemic due 

to conditions that vary by country and by community such 

as population density and public health policies. Most 

estimates of the R0 value for the original strain of SARS-

CoV-2 range from 2.0-3.5, although estimates have ranged 

from 1.5 to 6.49.14,19,24–26 The R0 number for the Delta 

variant of the virus is estimated around 5.0, and the R0 for 

the Omicron variant is estimated around 9.5, although 

estimates vary slightly by subvariant as well.27–30 

Similarly, the infection fatality rate (IFR), or the proportion of all infections that result in death, of 

COVID-19 has been difficult to estimate due to a lack of widespread testing that made it difficult 

to understand the true burden of disease. Disease severity is highly correlated with age and 

overall health. A meta-analysis of studies with COVID-19 seroprevalence and fatality data from 

Table 1-1: Age-specific mortality rates for 
COVID-19 (source: Levin et al.) 

Age Group COVID-19 U.S. 
Mortality Rate23 

0-4 0.3 
5-17 0.1 
18-29 Reference group 
30-39 3.5 
40-49 10 
50-64 25 
65-74 60 
75-84 140 
85+ 350 
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locations across the world estimated the age-specific infection fatality rates of COVID-19 to 

exponentially increase with age, a trend that is mirrored by the U.S. mortality rates shown in 

Table 1-1.31  

Individuals with certain underlying health conditions are more susceptible to severe illness from 

a COVID-19 infection.32 According to the CDC, the underlying health conditions that increase an 

individual’s risk of severe disease from COVID-19 that are conclusively supported by current 

scientific evidence, are: 

 Asthma 

 Cancer 

 Cerebrovascular disease 

 Chronic kidney disease 

 Chronic lung diseases 

(bronchiectasis, COPD, interstitial 

lung disease, pulmonary embolism, 

pulmonary hypertension) 

 Chronic liver diseases (cirrhosis, 

non-alcoholic fatty liver disease, 

alcoholic liver disease, autoimmune 

hepatitis) 

 Cystic fibrosis 

 Diabetes mellitus, type 1 

 Diabetes mellitus, type 2 

 Disabilities, including Down 

syndrome 

 Heart conditions (heart failure, 

coronary artery disease, 

cardiomyopathies) 

 HIV 

 Mental health conditions (mood 

disorders, including depression; 

schizophrenia spectrum disorders) 

 Neurologic conditions (dementia) 

 Obesity 

 Physical inactivity 

 Pregnancy and recent pregnancy 

 Primary immunodeficiencies 

 Smoking, current and former 

 Solid organ or blood stem cell 

transplantation 

 Tuberculosis 

 Use of corticosteroids or other 

immunosuppressive medication 
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Understanding of the disease’s mode of transmission has also evolved over time. Scientists 

initially suspected that the virus was only transmitted zoonotically, then found evidence of 

human-to-human transmission via a symptomatic infected individual, then found evidence of 

human-to-human transmission via an asymptomatic infected individual.33  

Humans may be exposed to respiratory viral particles in three ways: 1) inhalation of very fine 

respiratory particles that have been aerosolized (“airborne”), 2) deposition of respiratory 

particles on exposed mucous membranes on the body via direct spray (“large-drop”), and 3) 

touching of exposed mucous membranes on the body after the skin comes into contact with a 

contaminated surface (“contact”).34,35  Scientific understanding of the risk of respiratory 

transmission of the virus has also evolved over time, but it is now understood that airborne 

transmission is a primary route of transmission of the disease between humans.36,37 Direct 

transmission of the virus via large respiratory droplets dispersed over short distances is another 

mode of transmission, and fomite transmission of the virus via contaminated objects is possible 

but comparatively unlikely.38 Vaccines and non-pharmaceutical interventions such as 

handwashing, masking, social distancing, and increased ventilation of indoor spaces are the 

primary tools used to prevent transmission of the virus.   

The original reservoir of the virus continues to be an unknown. The fact that initial cases 

clustered around the Huanan South China Seafood Market, along with the knowledge that many 

coronaviruses circulate in animal reservoirs, led public health officials to initially suspect that the 

disease might be linked to a zoonotic spillover from a natural reservoir.2 Several papers from 

2022 provide strong epidemiologic and genetic evidence that SARS-CoV-2 first infected 

humans as a result of zoonotic spillover events at the market in Wuhan.39–41 However, recent 

discourse from the U.S. federal government on the possibility that the virus accidentally 

escaped from a laboratory has highlighted that no researchers or agencies have yet reached 

conclusive findings.42 Investigators from the World Health Organization and from national 

governments around the world continue to explore the possible origins of the pandemic.43  
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Bats were identified early on as one of the most probable animal reservoirs, as the genomic 

sequence of SARS-CoV-2 is 96.2% similar to a bat coronavirus known as RaTG13.44 Research 

continues to investigate whether bats or another animal might have been the primary source of 

the pandemic.5  

1.2.1 Global Context 

As of February 26, 2023, there had been 757,264,511 total confirmed cases of COVID-19 

globally and 6,850,594 total deaths. Cases have been confirmed in every country in the world 

except 2: Turkmenistan and the Democratic People’s Republic of Korea.45 Of the 6 WHO 

regions, Europe has the highest number of confirmed cases (272,814,122), followed by the 

Western Pacific (200,972,740) and the Americas (189,963,466), then South-East Asia, then 

Eastern Mediterranean, then Africa.45 

1.2.2 United States Context 

As of February 27, 2023, there had been 103,268,408 total reported cases of COVID-19 in the 

United States and 1,115,637 total deaths. Case rates per 100,000 since the beginning of the 

pandemic are relatively evenly distributed throughout the country, with Rhode Island, Kentucky, 

and North Dakota having the highest rates and American Samoa, the Marshall Islands, and 

Maryland having the lowest rates (Figure 1-2).12 Racial and ethnic disparities in COVID-19 

infections, hospitalizations, and deaths have existed throughout the country since the beginning 

of the pandemic, as these characteristics are linked to many determinants of health such as 

occupation, socioeconomic status, and access to health care. For example, African Americans 

have had a hospitalization rate that is 2.1 times higher and a death rate that is 1.6 times higher 

than those of white, non-Hispanic Americans. American Indians or Alaska Natives have a 
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hospitalization rate that is 2.5 times higher and a death rate that is 2.2 times higher than that of 

white, non-Hispanic Americans.23 

 

1.3 Properties of SARS-CoV-2 Virus 

SARS-CoV-2 is a novel enveloped RNA betacoronavirus, of the family Coronaviridae.4 

Coronaviruses are spherical, enveloped, single-stranded RNA viruses.46 They are so named 

due to the spike proteins on their viral envelope which look like a crown, or “corona” in Latin.4 

RNA viruses are prone to genetic mutation, and since the emergence of the initial strain of 

SARS-CoV-2, many variants and subvariants have evolved.47 As of February 28, 2023, the 

WHO is monitoring several subvariants of the Omicron variant of concern (see Table 1-2).48 A 

variant of concern is a variant with genetic changes that has been demonstrated to have an 

Figure 1-2: Map of COVID-19 case rate per 100,000 people in the U.S. as of Feb. 28, 2023 and since Jan. 21, 2020 
(source: CDC) 
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increase in transmissibility, an increase in virulence, or have a negative impact on the 

effectiveness of public health prevention and control measures.48  

To-date, there are seven known coronaviruses that infect humans: two alphacoronaviruses and 

five betacoronaviruses, which include SARS-CoV, Middle East Respiratory Syndrome (MERS), 

and SARS-CoV-2. Coronaviruses usually affect the respiratory, digestive, and/or nervous 

systems in humans and animals.25  

Bats are the main viral 

reservoirs for 

coronaviruses, and 

current data suggests that 

SARS-CoV-2 may have 

originated in bats before 

crossing the species 

barrier to infect humans, 

possibly through an 

intermediate animal 

reservoir as well.46 

However, coronaviruses have been identified around the world that infect many other animals, 

including dogs, cats, pigs, chicken, cows, and camels.55 In addition to humans, SARS-CoV-2 

has been found to infect minks, ferrets, otters, cats, dogs, big cats and primates.56  

The four other human betacoronaviruses include OC43, HKU1, MERS-CoV, and SARS-CoV. 

People are commonly infected with OC43 and HKU1, which produce generally mild 

symptoms.57 SARS-CoV was first identified in humans when it caused a severe outbreak in 

China and five other countries in 2002-2003.25,58 MERS-CoV is not easily transmissible between 

humans and was first identified in humans in 2012; since then 27 countries have reported 

Table 1-2: Variants of concern designated by the WHO (multiple sources) 

WHO 
Label 

Earliest 
documented 
samples49 

Place first 
identified48,50 

First case 
reported in 
U.S.51 

Alpha Feb 2020 United Kingdom 
(Sept 2020) 

Colorado 
(Dec 29, 2020)  

Beta Feb 2020 South Africa  
(May 2020) 

South Carolina 
(Jan 28, 2021) 

Gamma Apr 2020 Brazil 
(Nov 2020) 

Minnesota 
(Jan 25, 2021) 

Delta Mar 2020 India 
(Oct 2020) Mar 2021 

Omicron 
(BA.1) Jun 2020 

South Africa and 
Botswana  
(Nov 2021) 

California 
(Dec 1, 2021) 

BA.2 Mar 2020 South Africa 
(Nov 2021) 

Airport 
surveillance 
Dec 14, 202152 

BA.4 Jul 2020 South Africa 
(Jan 2022)53 March 202254 
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cases.59 Both SARS-CoV and MERS-CoV emerged in the human population from zoonotic 

spillover events and have exhibited high pathogenicity and mortality in humans.4 

The two human alphacoronaviruses, which also commonly infect humans around the world, are 

229E and NL63, which also produce generally mild symptoms.57  

1.4 Natural History of SARS-CoV-2 

There are three stages of the natural history of SARS-CoV-2.36 Phase 1 is the onset of disease 

and is when the host may begin to develop mild-to-moderate symptoms, although many infected 

individuals remain asymptomatic. The virus may be detected via RT-PCR during this phase. If 

the disease continues to progress, it moves to Phase 2, which is known as the pulmonary 

phase. Depending on the severity of the disease, a patient may begin to develop pneumonia-

like symptoms during this phase. If the disease continues to progress from there, a patient 

enters Phase 3, the hyperinflammatory phase. This phase of the disease usually necessitates 

intensive care, and may result in death.  

1.5 Clinical Features of COVID-19 

The most prevalent symptoms of COVID-19 include fever, cough, sore throat, fatigue, myalgia, 

and difficulty breathing. Some infected individuals also experience gastrointestinal symptoms, 

loss of smell and/or taste, and headache. The severity of disease is highly associated with 

specific risk factors which include age, overall health, and presence of certain pre-existing 

conditions.36 

Additionally, many patients continue to report symptoms after clearing a SARS-CoV-2 infection, 

a phenomenon known as “long COVID,” or “post-acute COVID-19 syndrome.” The phenomenon 

is defined as having persistent symptoms beyond 4 weeks from the onset of symptoms.60 Some 

of the most common long-term symptoms include fatigue, difficulty breathing, cough, persistent 

loss of taste and/or smell, sleep difficulties, and cognitive disturbances, or “brain fog.”60 Studies 

have reported prevalence of long-term symptoms among patients ranging between 32.6% and 
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76% (among patients with COVID-19 who had been hospitalized).61,62 The pathology of long 

COVID is still not well understood, making it difficult for healthcare providers to effectively treat 

patients to alleviate their symptoms.63 

1.6 Mental Health Impacts of the COVID-19 Pandemic 

The mental health impacts of the pandemic have increasingly become of interest to 

researchers, employers, and policy makers. The changes to daily routines and economic and 

social consequences of the pandemic and the global response to it have impacted the mental 

health of populations around the world, whether unemployed, working from home, or on the 

front lines of the response.  

Surveys and systematic reviews conducted throughout the pandemic have revealed negative 

impacts on mental health across different subgroups of the U.S. and global populations.64,65 An 

analysis of the Pew Research Center American Trends Panel survey completed between March 

19-24, 2020 found that nearly 1 in 4 U.S. adults with no reported prior history of a mental 

condition were experiencing symptoms of psychological distress, which is higher than the 

population estimates for prevalence of symptoms of anxiety and depressive disorder the year 

prior.66 The same analysis found associations between psychological distress and several risk 

factors, including female gender, use of social media to post about coronavirus, reported major 

changes to personal life as a result of the coronavirus, and perceptions that the coronavirus 

poses a threat to personal finances or the U.S. economy.66 Another survey found that 41.1% of 

the adult population in the U.S. reported symptoms of anxiety and/or depressive disorder in 

January 2021.67 

The negative mental health impacts of the pandemic have also been seen among children. A 

CDC study conducted between January 1 and October 17, 2020 found a 31% increase in 

mental health-related emergency department visits among children ages 12-17 and a 25% 

increase among children ages 5-11, compared to the same period in 2019.68  
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A systematic review of studies reporting changes in global prevalence of major depressive 

disorder and anxiety disorders during the COVID-19 pandemic found that increases in COVID-

19 daily infection rates and reductions in human mobility were associated with increased 

prevalence of both major depressive disorder and anxiety disorders.65 The same study also 

developed models to predict the increase in prevalence of these disorders in 2020 resulting 

from the COVID-19 pandemic, and estimated an additional 53.2 million (95% CI: 44.8-62.9) 

cases of major depressive disorder and an additional 76.2 million (95% CI: 64.3-90.6) cases of 

anxiety disorders.  

Multiple surveys and studies found that females experienced greater mental health impacts from 

the pandemic than males, and younger age groups experienced greater mental health impacts 

compared to older age groups.64–66 Other surveys have measured pessimism about the 

pandemic, policy attitudes, and changes in the mental health of Americans over time as they 

relate to other demographic factors besides gender and age. These surveys found that Black 

and Hispanic adults have been more likely than White adults to report symptoms of anxiety 

and/or depressive disorder during the pandemic.67  

1.7 Impacts of the COVID-19 Pandemic on Essential Workers 

The essential workforce is largely made up of individuals in occupations that put them in higher-

risk settings and/or require some level of direct contact with other people. The U.S. Department 

of Homeland Security defines essential workers as those who conduct operations that are 

essential to continue critical infrastructure operations. Some of these critical infrastructure 

sectors include health care/public health, emergency services, food and agriculture, and 

government operations (which includes the education system).69    

Data from the 2018 National Health Information Survey suggested that approximately 24% of all 

adult workers are at increased risk for severe illness for COVID-19 based on risk factors like 

age and pre-existing medical conditions.70 Workers in particular industries have been found to 
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be at higher risk of infection than others. In California, the public administration sector, which 

includes police and fire services, had a higher incidence of workplace outbreaks than other 

industries, and the health care and social assistance industry had a very high number of 

outbreak-associated cases.71 

Health system workers and first responders have lived very different day-to-day lives throughout 

the pandemic than the general public. During the early phase of the pandemic, nosocomial, or 

healthcare-associated, transmission of the disease was a particular concern. During this phase, 

a large proportion of COVID-19 infections that occurred in the hospital setting occurred as a 

result of contact between clinicians and visitors with no or mild symptoms.44 

One study found that during the COVID-19 pandemic, healthcare workers were three times 

more likely to contract COVID-19 than the general public.72 Research finds high proportions of 

healthcare workers report some form of pandemic-related psychological impact such as 

symptoms of depression, anxiety, or stress.72,73 Impacts to mental health outcomes within this 

population, including psychological distress, anxiety symptoms, depressive symptoms, burnout, 

and stress, have been driven by “concerns about contracting or transmitting virus, financial 

insecurity due to furloughs, separation from and worries about loved ones, a stressful work 

environment due to surge conditions with scarce supplies, traumatic experiences due to 

witnessing death of patients and colleagues, and other acute stressors.”72 Many healthcare staff 

also reported feeling uniquely isolated because their family and friends were afraid to interact 

with them. These feelings of loneliness and isolation were particularly impactful to staff who 

were already struggling with their mental health.72   

A cohort study in Arizona found that first responders had a higher risk of infection with COVID-

19 compared to healthcare workers. However, the study also found that the risk of infection 

among other essential workers was not significantly different from that of healthcare workers, 

although incidence did vary across occupations within the ‘other essential workers’ group.74  

This group of other essential workers included individuals working in frontline education, 
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childcare, social work, frontline retail, frontline hospitality, essential government operations, 

nonprofit jobs requiring in-person work, and essential infrastructure workers.  

In frontline education settings, the risk of COVID-19 transmission is highly dependent on local 

transmission rates, types of variants circulating, the epidemiology of the disease among 

students and staff, vaccine coverage, and prevention measures that are put in place at 

schools.75 However, multiple studies have shown that the risk of transmission in school settings 

is lower than, or similar to, levels of community transmission.75 Additionally, several studies 

have suggested that in the context of schools, staff-staff transmission is more common than 

staff-student transmission, student-staff transmission, or student-student transmission.75–77 

Approximately one in four teachers are at higher risk of severe illness if infected with COVID-

19.78  

While healthcare workers and first responders will be a particular focus of this dissertation, 

many other sectors of the essential workforce have been similarly impacted in terms of 

increased risk of transmission, which may also have a negative impact on the mental health of 

workers in those sectors.   

The Los Angeles County Department of Public Health tracked active outbreaks in non-

residential settings, many of which are workplaces, throughout the pandemic. Between May 23, 

2021 and January 29, 2022, which spanned the surge due to the Delta variant as well as much 

of the surge due to the original strain of the Omicron variant, there had been 3,073 active 

outbreaks in workplaces and food and retail stores.79  

Few studies have examined COVID-19 impacts through an occupational lens in Los Angeles 

County specifically, and few studies have examined change in mental health longitudinally 

during the pandemic. This necessitates a longitudinal study of mental health outcomes in 

essential workers in order to better allow for comparisons and causal inference.80 It also 

necessitates further study of COVID-19 infection risk and pandemic impacts through an 

occupational lens.  
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A fuller understanding of the complexity of the mental health impacts of the pandemic on 

healthcare workers, first responders, and workers from other essential sectors will take many 

more years, continued follow-up, and institutional recognition of the scope of the problem. This 

dissertation will aim to add to this understanding, with the goal of informing future institutional 

policies that may better protect both the physical and mental health of essential workers.  
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2 Aim 1 – Ecologic exploration of community occupational structure and COVID-19 

impact in Los Angeles County, CA 

2.1 Abstract 

Background: Occupation can be an important predictor of disease risk. Over 20% of the 

workforce in Los Angeles County works in healthcare, education, first response, or food service. 

Each of these four occupational sectors has a different COVID-19 risk profile, but how the 

pandemic has impacted workers in these different sectors is not fully understood. 

Methods: Publicly available data from Los Angeles County Department of Public Health COVID-

19 Data Dashboard was used to measure the impact of COVID-19 at the community level. Data 

from the U.S. Census American Community Survey was used to create measures of the 

proportions of the civilian employed population 16 years old and older in each community in LA 

County working in education, healthcare, first response, or food service. Visualizations and 

regressions were used to investigate associations between these measures at the ecologic 

level.    

Results: Communities in central, east, and north LA County had higher COVID-19 impact 

scores throughout the study period. Among all communities in the study sample, COVID-19 

impact scores were highest in December 2020-Feburary 2021 and January 2021-February 

2022. A higher proportion of the workforce in a community working in healthcare or in education 

was associated with a decrease in COVID-19 impact at the community level, and a higher 

proportion of the workforce in a community working in first response or food service was 

associated with an increase in COVID-19 impact at the community level. 

Conclusions: Community employment share in the healthcare, first response, education, or food 

service industries is associated with COVID-19 impact on an ecological level.   

Keywords: COVID-19, Los Angeles, occupation, healthcare, education, first response, food 

service, ecologic 
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2.2 Introduction 

Employment is considered a social determinant of health, or a non-medical factor that 

influences an individual’s health outcomes.1 Not only can the attributes of specific types of work 

contribute to disease risk and affect health outcomes, but employment is closely linked with 

other social determinants of health such as socioeconomic status and access to healthcare. The 

risk of infectious disease in specific occupations has been well documented.2 Previous research 

has also demonstrated associations between community occupational structure, defined as “the 

set of occupations which exist in a community,” and heart disease mortality.3,4 Studies often 

measure community occupational structure using “employment share,” or the percent of the 

workforce in a given community that holds specific types of employment. 

The COVID-19 pandemic led state and local governments around the United States to issue 

stay-at-home orders to reduce transmission of the SARS-CoV-2 virus and protect the healthcare 

system. With these changes, occupation-related risks of COVID-19 shifted as some workers 

continued to report to work in person and others either worked remotely or lost their jobs. As 

personal protective equipment (PPE), diagnostic tests, and vaccines became available and as 

the economy reopened over time, these occupation-related risks continued to change.  

From January 1, 2020 to August 31, 2021, a study in California found that among all reported 

COVID-19 outbreaks in the state, the occupational sectors that accounted for the largest 

proportions of outbreaks were the health care and social assistance sector, the retail trade 

sector, the manufacturing sector, and the accommodation and food services sector.5  

However, the industry sector with the highest incidence of reported SARS-CoV-2 outbreaks, 

defined as the number of outbreaks per 1,000 establishments, was public administration, which 

includes public safety workplaces such as police and fire.5 Behind public administration, utilities, 

manufacturing, and educational services are the industry sectors that had the next highest 
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incidences of reported SARS-CoV-2 outbreaks.5 Other studies have found that incidence of 

COVID-19 infection among workers has varied across occupations.6  

Los Angeles County is the most populous county in the United States, with an estimated 10.1 

million residents in 2019.7 As of January 13, 2023, Los Angeles County had the most total 

COVID-19 cases and the second most total COVID-19 deaths of all counties in the country.8 

The Los Angeles County Department of Public Health (LACDPH) has tracked active COVID-19 

outbreaks in workplaces throughout the pandemic, but to-date there has been little research 

examining associations between community occupational structure and COVID-19 risk and 

impacts in Los Angeles County.  

This analysis examines the association between community occupational structure, measured 

as employment share in four specific occupational sectors across LA County, and COVID-19 

impact at the community level across the county. The four occupational sectors included in this 

analysis are healthcare, education, first response, and food service. This ecologic study will 

describe the impacts of COVID-19 at the community level in LA County throughout the COVID-

19 pandemic, examine how those impacts may be related to community occupational structure, 

and provide context to future research about how occupation has been related to COVID-19 

impacts in LA County.  

2.3 Methods 

2.3.1 Study Design and Data Sources 

This is an ecologic study using publicly available data at the community level from two different 

sources: the U.S. Census American Community Survey (ACS) and the LACDPH COVID-19 

Data Dashboard.  

The ACS is an annual household survey that uses a series of monthly samples to estimate 

demographic, social, economic, and housing data about the U.S. population. It provides 1- or 5-

year estimates for all areas of the country at various geographic levels such as counties, places, 
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and census tracts.9 Each year, household units and group quarters in each of the counties and 

county equivalents in the U.S. are sampled and then surveyed or interviewed to collect the data 

that produces the ACS estimates.9 For the 2015-2019 ACS 5-year estimates, 266,482 of 

440,299 selected household units in Los Angeles County completed the survey or interview. 

Sampling of group quarters residents is done at the state, not county, level, so for the 2019 ACS 

5-year estimates, 73,855 of 90,943 sampled group quarters residents in the state of California 

completed the survey or interview.10 

Throughout the COVID-19 pandemic, LACDPH has collected COVID-19 surveillance data on 

the population of LA County and made much of that data publicly available online.11 This data 

includes case counts and infection rates over 7- and 14-day periods, number of hospitalizations 

and hospitalization rates over 14-day periods, number of deaths and death rates over 7- and 14- 

day periods, and cumulative number of diagnostic tests and testing rates by “City/Community” in 

the county. LACDPH uses 2018 and 2019 population estimates from the U.S. Census 

Population Estimates Program (PEP) population estimates for these “Cities/Communities”. The 

PEP estimates are available at a geographic level referred to as “Places” in U.S. Census data.  

For this analysis, the “community” level is measured at this “Places” level used by the U.S. 

Census. The U.S. Census defines “Places” as either Incorporated Places or Census Designated 

Places, which are the statistical counterparts of Incorporated Places used for areas that have 

not been legally incorporated.12 “Places” in Los Angeles County were matched up with the 

“City/Community” level used by the LACDPH to produce the sample used in this study. There 

were 86 “Places” (all Incorporated Places) that matched up with a “City/Community.” We refer to 

these geographic areas as simply “communities” in the analysis. 

The available data from LACDPH dates back to March 1, 2020 and continues to the present, but 

this analysis uses data between March 2020 and March 2022.  
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2.3.2 Measures of Interest 

The tidycensus package in R was used to download demographic data at the “Place” level from 

the U.S. Census Bureau website.13 The main covariates of interest are proportions of residents 

in each community that work in the four specific occupational sectors, each of which is 

measured by the ACS variables listed (and defined) below.  

Education workers: 

1. “Educational instruction, and library occupations” (listed under Management, business, 

science, and arts occupations) 

Healthcare workers: 

2. “Health diagnosing and treating practitioners and other technical occupations” (listed 

under Management, business, science, and arts occupations) 

3. “Health technologists and technicians” (listed under Management, business, science, 

and arts occupations) 

4. “Healthcare support occupations” (listed under Service occupations) 

First responders: 

5. “Firefighting and prevention, and other protective service workers including supervisors” 

(listed under Service occupations) 

Food service workers: 

6. “Food preparation and serving related occupations” (listed under Service occupations) 

Each of these four occupational categories is measured as a proportion of the civilian employed 

population 16 years of age and older, also called an employment share. 

In addition to occupation, other covariates that were taken from the ACS for inclusion in the 

analysis are sociodemographic characteristics at the ecological level. These include the 
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proportion of residents in each community that are male, the proportion of residents that are 

Hispanic or Latino, the proportion of residents who are 65 years of age or older, the proportion 

of residents with an undergraduate degree or higher, and the median household income in each 

community.  

There are four outcomes of interest in the analysis: adjusted 14-day case rate, adjusted 14-day 

hospitalization rate, adjusted 14-day death rate, and overall COVID-19 impact at the community 

level. All adjusted 14-day rates came from the LACDPH data. Each of these rates was averaged 

over the two years to create “cumulative” rates for each community. Each rate was also 

averaged over each month from March 2020-March 2022 to create monthly measures for each 

community included in the sample. 

In order to create a measure of overall COVID-19 impact, each of the 86 communities in the 

sample was assigned three ranks for each month and for the entire study period: one for its 

relative case rate, one for its relative hospitalization rate, and one for its relative death rate. 

These three ranks were then combined into one measure, capturing disease extent and disease 

severity, to represent the overall impact of COVID-19 on each community. That final measure 

thus functioned as an “impact score” for each community during each month and across the 

entire study period. When the ranks were combined, case rate was down-weighted and death 

rate was up-weighted so the resulting score was more heavily influenced by hospitalization rate 

and death rate than by case rate. The resulting scores ranged from 3.5 to 294.5, although they 

had a hypothetical range of 3.5 to 301. Previous studies have used similar indices to show 

COVID-19 impact on specific industries or communities.5,14,15  

2.3.3 Data Analysis 

First, descriptive statistics were generated for each of the communities in the sample, showing 

counts and percentages for categorical variables and median and margin of error for the one 

continuous variable. Then, a series of maps was created using the geographic data available 
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through the Census. One set of maps shows the proportion of the civilian employed population 

aged16 years and older working in each of the four occupations of interest (education, 

healthcare, food service, and first response) by community with available data. The other set of 

maps shows snapshots of the calculated COVID-19 impact score for each available community 

in LA County on average throughout the study period as well as for the months of January 2021, 

August 2021, and January 2022. January 2021 is of particular interest since it represents a time 

before vaccines were widely available to many essential workers outside of healthcare, and 

because it marked the beginning of a surge of cases in LA County. August 2021 is of interest 

because the Delta variant was surging in LA County, and January 2022 is of interest because of 

the Omicron variant surge that took place in the county.  

To allow further visual exploration of the longitudinal data, a line graph depicting the average 

monthly COVID-19 impact scores across all 86 communities over time was created.  

Finally, a series of univariate regression models was used to explore associations between 

demographic covariates, proportion of workers in each of the occupations of interest, and the 

four outcome measures over the study period at the community level. Overall impact score, 

average adjusted 14-day case rate over the entire study period, average adjusted 14-day 

hospitalization rate over the entire study period, and average adjusted 14-day death rate over 

the entire study period were each examined as outcomes in separate models. For each 

outcome, there was one model for each of the nine predictors, resulting in nine univariate 

models per outcome, and 36 total univariate models across all four outcome variables. 1  

Data management and data analyses were performed in R/RStudio, using the tidycensus 

package.16 

 
1 Covariates in all models were standardized by subtracting the variable mean and dividing by the 
standard deviation, so the resulting beta coefficients correspond to an increase of one standard deviation 
for each variable.  
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2.4 Results 

An estimated total of 10,081,570 people lived in Los Angeles County as of the 2019 ACS. 

49.3% (n=4,969,382) of the county was male, 48.5% (n=4,888.434) were Hispanic or Latino, 

and 13.3% (n=1,335,978) residents were 65 years of age or older (Table 2-1). Sixty-seven and 

a half percent (n=4,645,816) of those ages 25 and older had completed some college or less, 

21.2% (n=1,460,862) had completed a bachelor’s degree, and 11.3% (n=780,217) had 

completed an advanced degree.  

The maps in Figure 2-1 depicting COVID-19 impact scores by place show that scores varied 

widely month-to-month and averaged throughout the study period. Communities in north, 

central, and east Los Angeles had higher COVID-19 impact scores across these cutpoints as 

well as averaged throughout the study period.  

The five communities in LA County with the highest COVID-19 impact scores from measures 

averaged throughout the study period were 1) City of Industry, 2) City of Lynwood, 3) City of 

Maywood, 4) City of Maywood, and 5) City of Bell. The five highest monthly COVID-19 impact 

scores from communities in the county all occurred in January or February 2021.  

As shown in Figure 2-1 and Figure 2-2, the largest COVID-19 impact scores were generated in 

December 2020-February 2021 and in December 2021-February 2022. The pattern of impact 

scores over time between March 2020 and March 2022 mirrors the epidemic curve of the 

pandemic in Los Angeles County which fluctuated as new variants and subvariants of the virus 

emerged over time and caused different peaks and troughs in case rates.  

Figure 2-3 shows the community occupational structure of Los Angeles County with respect to 

the occupational sectors of healthcare, first response, education, and food service. Each of the 

four maps in this figure uses a different scale, as the four represented occupational sectors 

employ different proportions of the overall working-age county population (see Table 2-1). 

Overall, 20.9% of the county’s working-age population works in one of these four occupations. 
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Communities with the highest proportions of first responders are in the north and central parts of 

the county, and communities with the highest proportions of education workers are found in the 

east part of the county. Communities with the highest proportions of healthcare workers or food 

service workers do not show a clear geographic pattern.      

 

 

N %
10,081,570 100.0%

Under 18 2,214,760 22.0%
18-39 3,310,310 32.8%
40-64 3,220,522 31.9%
65+ 1,335,978 13.3%

Sex
Female 5,112,188 50.7%
Male 4,969,382 49.3%

AI/AN (alone) 73,393 0.7%
Asian (alone) 1,473,221 14.6%
Black (alone) 820,478 8.1%
NH/PI (alone) 27,720 0.3%
White (alone) 5,168,443 51.3%
Other (alone) 2,115,548 21.0%
2+ 402,767 4.0%
2 (with 'Other') 115,953 1.2%
2 (without 'Other') and 3+ 286,814 2.8%

Ethnicity
Hispanic/Latino 4,888,434 48.5%
Non-Hispanic/Latino 5,193,136 51.5%

Some college or less 4,645,816 67.5%
Bachelor's Degree 1,460,862 21.2%
Advanced Degree 780,217 11.3%

Education 254,383 5.2%
Healthcare 420,757 8.5%
Food Service 287,406 5.8%
First Response 66,858 1.4%
^All 4 combined 1,029,404 20.9%

Median Margin of Error
Household Income 68,044.00$   347.0

Race

Occupation for Civilian Employed Population 16+ years

Age
Total

Educational Attainment for Population 25+ years

Table 2-1: Demographic characteristics of LA County residents (source: U.S. Census 2015-2019 American 
Community Survey) 
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Figure 2-1: Top-left – map of the average COVID-19 impact at the community level for the entire study period; top-
right – map of the COVID-19 impact at the community level in the month of January 2021; bottom-left – map of the 
COVID-19 impact at the community level in the month of August 2021; bottom-right – map of the COVID-19 impact at 
the community level in the month of January 2022 (source: U.S. Census 2015-2019 American Community Survey) 
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Figure 2-2: Line graph of the average monthly COVID-19 impact score across all 86 communities included in the 
study population over time  
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Figure 2-3: Maps of the proportions of the civilian employed workforce 16 years of age and older in each 
city/community that work in education, healthcare, food service, and first response (note that the scales are different) 
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The regression models (Table 2-2) used outcomes that resulted from averaging over the entire 

study period from March 2020-March 2022. Across all four outcomes, a higher proportion of a 

community age 65 and older was associated with a reduction in overall impact score, and with a 

reduction in incidence rate ratio (IRR) of infection, of hospitalization, and of death. A higher 

proportion of a community with a bachelor’s degree or higher was also associated with a 

reduction in overall impact score, a reduction in the IRR of infection, a reduction in the IRR of 

hospitalization, and a reduction in the IRR of death. A higher median household income in a 

community was also associated with reductions in all four outcomes.  

A higher proportion of Hispanic or Latino individuals in a community was associated with an 

increase in impact score, with an increase in the IRR of infection, with an increase in the IRR of 

hospitalization, and with an increase in the IRR of death in two. A higher proportion of males in 

a community was associated with a decrease in the IRR of infection, an increase in the IRR of 

hospitalization, and an increase in the IRR of death. The proportion of males in a community 

was not associated with overall COVID-19 impact score.  

A higher proportion of the civilian workforce in a community working in healthcare was 

associated with a slight increase in the IRR of infection (β=0.03, p<0.001), but with a decrease 

in impact score (β=-24.49, p=0.01) and a decrease in the IRRs of hospitalization (β=-0.17, 

p<0.001) and of death (β=-0.16, p=0.002). A higher proportion of first responders in a 

community was associated with an increase in impact score (β=29.77, p=0.001), an increase in 

the IRR of hospitalization (β=0.18, p<0.001) and an increase in the IRR of death (β=0.15, 

p<0.001). There was a slight negative association with case rate in the univariate first response 

model (β=-0.03, p<0.001). A higher proportion of education workers in a community was 

associated with a reduction in the IRR for infection (β=-0.21, p<0.001), hospitalization (β=-0.31, 

p<0.001), and death (β=-0.28, p<0.001) and with a reduction in impact score (β=-33.75, 

p<0.001). A higher proportion of food service workers in a community was associated with an 
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increase in the IRR for hospitalization (β=0.22, p<0.001) and death (β=0.27, p<0.001), and with 

an increase in impact score (β=43.19, p<0.001). However, similar to employment share of first 

responders, a higher proportion of food services workers in a community was also associated 

with a slight decrease in the IRR of infection (β=-0.03, p<0.001).  

 

 

2.5 Discussion 

Several outcomes and occupations of interest were included in this analysis to identify 

differences in associations that might align with the different COVID-19 risk profiles of these 

occupations. For example, most education workers in LA County worked from home until at 

least April 2021, by which time vaccines had been made available to these workers.17 This may 

have resulted in reduced exposure for these workers that is reflected in the association with a 

decrease in impact score among communities with a higher proportion of education workers. 

Healthcare workers had greater access to COVID-19 testing than most other occupational 

groups, which may have resulted in an increase in early case identification and therefore a 

reduction in hospitalizations and deaths among this group, which is also reflected in the results. 

The healthcare sector also had greater access to high-quality masks and other PPE than most 

β p-value β p-value β p-value β p-value
-59.71 <0.001 -0.45 <0.001 -0.49 <0.001 -0.46 <0.001
12.56 0.17 -0.20 <0.001 0.08 <0.001 0.11 0.02
71.67 <0.001 0.34 <0.001 0.48 <0.001 0.45 <0.001

-73.71 <0.001 -0.38 <0.001 -0.59 <0.001 -0.56 <0.001

-63.16 <0.001 -0.30 <0.001 -0.65 <0.001 -0.61 <0.001

Education -33.75 <0.001 -0.21 <0.001 -0.31 <0.001 -0.28 <0.001
Healthcare -24.49 0.01 0.03 <0.001 -0.17 <0.001 -0.16 0.002
Food Service 43.19 <0.001 -0.03 <0.001 0.22 <0.001 0.27 <0.001
First Response 29.77 0.001 -0.03 <0.001 0.18 <0.001 0.15 0.001

aLinear regression (n=86)
bPoisson regression (n=86)

Proportion 65+
Proportion Male
Proportion Hispanic or Latino
Proportion with a Bachelor's 
Degree or higher
Median Household Income
Occupation for Civilian Employed 
Population 16+ years

Impact Scorea Case Rateb Hospitalization Rateb Death Rateb

Unadjusted Model

Table 2-2: Unadjusted regression models examining associations between ecologic-level covariates, the proportion of 
a community's workforce working in healthcare, first response, education, and food service, and 4 different measures 
of COVID-19 impact between Mar 2020-Mar 2022, LA County 
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other sectors, and adherence to interventions like testing and masking was high due to both 

education/training and mandates. Healthcare workplaces also had advanced environmental 

controls in place such as HEPA filters. Comparatively, many food service workers did not have 

access to high-quality masks and worked in poorly-ventilated areas.   

Averaging rates over the entire study period for the regression models may have attenuated 

some expected trends due to changes over time as communities dealt with variant-caused 

surges and as vaccination- and infection-derived immunity became more common among the 

population. Vaccination rates vary across some demographic categories, such as race/ethnicity 

and age, and these differences may have worked to produce some unexpected associations in 

the regression models, such as a higher proportion of a community over the age of 65 being 

associated with a decrease in the IRRs for infection, hospitalization, and death.18  

This may also be attributable to the fact that many of the communities with larger proportions of 

their populations age 65 and older also had higher median incomes and may have therefore 

had better access to healthcare or other protective socioeconomic factors. It is also important to 

note that older individuals were eligible for vaccination before younger individuals, and may 

have better adhered to social distancing recommendations and stay-at-home orders than due to 

increased risk.  

To better understand how socioeconomic factors were related to impacts of the pandemic on 

individual households, the U.S. Census launched the Household Pulse Survey during the 

pandemic.19 While data from the decennial census and ACS are not specifically targeted at 

COVID-19 or even any specific health outcomes, this study demonstrates the value of 

incorporating many of these data sources as “quick response” data that can be combined with 

state and local health department data to allow for analyses similar to the Household Pulse 

Survey. During an infectious disease outbreak response, rapidly available data is a critical need 
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as surveillance systems at the local, state, federal, and tribal/territorial levels continue to 

evolve.20 

The construction and use of a measure of COVID-19 community impact in this study offers a 

comparison to the COVID-19 Community Levels used by the Centers for Disease Control 

(CDC). The system for determining which CDC COVID-19 Community Level a jurisdiction falls 

within is essentially a decision tree requiring data about the local impacts of the disease on the 

healthcare system and about new cases of COVID-19.21 There is value in refining a measure of 

COVID-19 impact such as that used in this study to allow for more straightforward analyses and 

comparisons across geographic areas. As is briefly discussed in the limitations section, it is 

challenging to construct a score that is simultaneously comprehensive, meaningful, and easily 

interpretable. Such a measure will be useful as COVID progresses toward a level of endemicity 

in the U.S. 

There are many other examples of indices constructed for understanding individual and 

community vulnerability that can inform further refinement of such a measure. Some of these 

include the Social Vulnerability Index,22 the Covid-19 Community Vulnerability Index (CCVI),23 

the Area Deprivation Index (ADI),24 and the Minority Health-Social Vulnerability Index.25 The 

CCVI incorporates a measure of the percentage of a county’s population working in a high-risk 

industry, and the ADI incorporates occupational composition.  

In examining occupational composition along with several other socioeconomic variables that 

are often included in these indices, this analysis evaluates COVID-19 impact as it is associated 

with work risk specifically. Understanding which industries have higher outbreak incidence may 

help better target workplace safety interventions in the future.5 For example, appropriate sector-

specific health education materials can be developed and partnerships between health 

departments, specific labor unions, and major employers can be nurtured. By better 

understanding occupational risk during a pandemic and implementing interventions to better 
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protect workers in both times of normalcy and times of emergency, both the healthcare system 

and overall economy will be better prepared for the growing threat of infectious disease in a 

globalized world. 

2.6 Strengths and Limitations 

Because this is an ecologic study, interpretations from this analysis must not infer individual-

level risks associated with the variables of interest. This study cannot establish causality 

between an individual’s occupation and their risk of COVID-19 infection, hospitalization, or 

death. The outcome measures used in the analysis apply to whole communities/geographic 

areas including but not specific to workers, so as a result, it is difficult to ascertain the direction 

of the association between occupation and COVID impact at the community level. In exploring 

how COVID-19 impact changed over time at the community level in relation to the proportion of 

specific types of essential workers in those communities, however, this study does provide 

direction and context to future research on COVID-19 risks as they relate to specific 

occupations. Such research is the focus of Aims 2 and 3 of this dissertation.   

Another limitation arises from the fact that testing data for the communities represented in the 

sample was not publicly available at the same 14-day increments as the case, hospitalization, 

and death data. Therefore, this study does not incorporate testing access into the monthly and 

cumulative impact scores. Access to COVID-19 testing varied over time and by community 

throughout the pandemic, so its exclusion from consideration in these analyses may have 

affected the results.  

It should also be noted that in using the community geographic level, which is analogous to the 

“Place” geographic level in U.S. Census products, some parts of LA County were not included in 

the analysis. Using this geographic level was necessary to allow for matching between the ACS 

data and the LACDPH data, but only 83.6% of the population of the county in 2019 is 

represented in the sample. Additionally, this “Place” level is comprised of larger areas than other 
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geographic levels such as census tract. This is statistically advantageous but removes some 

geographic nuance from the analysis.  

Finally, this study only examined four of many possible occupational sectors. Selection of the 

healthcare, first response, education, and food service sectors prioritized essential occupations 

in which workers were more likely to be working in person and having direct contact with other 

people at various stages of the pandemic, and was also based on relevance to other parts of 

this dissertation and availability of existing research. There are many other occupations that 

required in person work and direct contact with others during the pandemic that should be 

considered in future research, but were outside the scope of this study. 
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3 Aim 2: Longitudinal Analysis of Mental Health of Healthcare Workers in Los Angeles, 

CA During the COVID-19 Pandemic 

3.1 Abstract 

Background: The COVID-19 pandemic has impacted the mental health of healthcare workers 

across the U.S. and the world. This study analyzes longitudinal changes in self-reported anxiety 

symptoms, resilience level, and trauma responses among a cohort of healthcare workers in Los 

Angeles County between May 2020 and May 2021.  

Methods: Logistic mixed effects models were used to explore longitudinal associations between 

anxiety levels, low resilience, trauma response, and individual risk factors in a cohort of 

healthcare workers at UCLA Health. Hypothesis tests were used to compare mean anxiety 

level, resilience level, and trauma response level from throughout the study period across 

covariate groups. 

Results: There were slight positive trends in anxiety and in low resilience level over time in the 

study cohort. A quadratic time term suggests a slight negative quadratic effect of time may 

better explain anxiety and resilience levels. The post-vaccine phase of the COVID-19 response 

was associated with higher odds of anxiety and low resilience compare to the June to mid-

December 2020 phase. Younger individuals, females, and those working as nurses had higher 

odds of anxiety and trauma response compared to older individuals, males, and physicians, 

respectively. Receiving a vaccine had a protective effect against trauma response (aOR=0.30, 

95% CI: 0.12, 0.76) and was associated with lower resilience (aOR=3.28, 95% CI: 1.65, 6.50). 

Moderate and high hospital occupancy levels were associated with low resilience. Interaction 

terms suggest the association between bed occupancy and mental health may be moderated by 

time effects.   
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Conclusions: There appears to be a trend in mental health outcomes among healthcare workers 

over the course of the COVID-19 pandemic, possibly related to perceived risk or the stressors 

and adaptations that occurred during specific phases of the pandemic.  

Keywords: COVID-19, anxiety, resilience, trauma, mental health, healthcare workers  

3.2 Introduction 

As essential workers at the frontlines of response to an epidemic of any infectious disease, 

healthcare workers are among the most affected groups and are vulnerable to resulting mental 

health impacts.1 In addition to being at risk of exposure in their workplace, these workers often 

must deal with other stressors brought on by the epidemic response, such as limited availability 

of personal protective equipment, enhanced media attention, and more demanding work 

hours.2,3 Previous research from the 2003 SARS and 2014-2015 Ebola epidemics has 

demonstrated the mental health impacts of infectious disease epidemics on healthcare 

workers.4,5 

Since first emerging in the city of Wuhan, China in December 2019, the COVID-19 pandemic 

has stressed health systems throughout the world.6 Analyses from throughout the COVID-19 

pandemic have confirmed negative impacts on population and health system worker mental 

health.7–9 As of December 5, 2022, there have been 5,600,890 hospital admissions of patients 

with confirmed COVID-19 in the U.S., with the 7-day average peaking at 21,525 in January 

2022.10 In Los Angeles (LA) County, California, hospital admissions of patients with confirmed 

COVID-19 peaked at 324 per day in January 2021.11   

Nationally, there were over 15.2 million individuals working in the healthcare or social 

assistance industries in 2020, which is ~13.8% of the full-time, year-round civilian employed 

population 16 years and over nationwide.12 Combined, these two industries employ more than 

any other industry in the country, including manufacturing, retail trade, and educational services. 

LA County is the largest county by population in the U.S., with over 10 million residents.13 In 
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2020 there were an estimated 442,449 individuals working in the healthcare or social assistance 

industry in LA County, representing ~13% of the full-time, year-round civilian employed 

population 16 years and over.12 

With a large general population and a correspondingly large population of healthcare workers, 

the impacts of the COVID-19 pandemic on this occupational group in LA quickly became 

apparent. Between February and May 2020, 9.6% of all reported cases of COVID-19 in LA 

County occurred in healthcare workers.14 As of November 11, 2022, there had been 72,268 

confirmed COVID-19 infections among healthcare workers and first responders in LA County.15 

However, there remains a dearth of information about the mental health impacts of the 

pandemic and the pandemic response on these workers in LA County specifically.  

Studies of healthcare workers from throughout the pandemic have found high rates of 

symptoms of anxiety, depression, psychological distress, burnout, and other mental health 

outcomes.7,8 Survey data shows there is a gap between the need for mental health care 

services among healthcare workers and access to those services, but there are limited studies 

evaluating utilization of mental health care services among healthcare workers.16  

Many studies have evaluated various mental health outcomes in healthcare workers cross 

sectionally during the COVID-19 pandemic, but in the context of an extended pandemic that has 

now lasted for over three years, it is important to understand how these outcomes may change 

over time on an individual level, how the pandemic response itself has changed over time on a 

systemic level, and how those systemic changes and other  risk factors may be associated with 

individual outcomes.17 This study aims to investigate changes in anxiety levels, resilience, 

trauma response, and mental health care utilization among healthcare workers in LA County 

throughout the COVID-19 pandemic.      
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3.3 Methods 

3.3.1 Study Design 

A cohort study to assess the risk of COVID-19 among healthcare workers in the UCLA Health 

system enrolled 1,210 healthcare workers beginning in April 2020. Study participants were 

eligible if they were at least 18 years of age, were employed in a healthcare setting, and were 

planning to remain at their current workplace for at least the next 6 months at the time of 

enrollment. Participation was voluntary and recruitment primarily occurred through email 

engagement with the potential study population and by word-of-mouth.18  

The study involved collection of biological samples and online survey data twice per month 

(reduced to once per month in fall 2020) between May 2020 and April 2021, with one final online 

survey administered in September 2021. Biological samples were used to conduct PCR and 

serologic testing to identify present and past SARS-CoV-2 infections. Sample collection for PCR 

testing was performed biweekly and later monthly, while serologic testing was performed 

monthly. After each study visit, participants received an email with a link to an online 

questionnaire to complete which included questions on demographic characteristics, potential 

COVID-19 exposures, vaccine uptake (when that became relevant), mental health, and other 

risk factors and outcomes. The survey administered in September 2021 included several 

qualitative questions about mental health care utilization in addition to repeated quantitative 

questions. While sample collection began in April 2020, survey data collection did not begin until 

late May 2020, several weeks into the COVID-19 response in California.   

In addition to this survey data, the analysis uses longitudinal health system inpatient bed 

occupancy data from the U.S. Department of Health and Human Services (HHS). The dataset 

contains facility-level data from all hospitals registered with the Centers for Medicare & Medicaid 

Services as of June 1, 2020 and aggregates patient impact and hospital bed occupancy data 

going back to March 2020 on a weekly basis. The dataset was downloaded from the 

HealthData.gov website.19  
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All survey data from the UCLA Health cohort study was collected and managed in RedCap, 

hosted by the UCLA Clinical & Translational Science Institute.20,21  

3.3.2 Ethical Considerations 

Ethical approval for this study was obtained from the UCLA Institutional Review Board under 

IRB #20-000478. Informed consent was obtained from all participants prior to study enrollment.  

3.3.3 Measures of Interest 

This analysis was conducted to investigate whether anxiety level, resilience, or trauma response 

is correlated with hospital bed occupancy and other risk factors over time. Anxiety level was 

measured using the 7-item Generalized Anxiety Disorder (GAD-7) scale, resilience was 

measured using the Brief Resilience Scale (BRS), and trauma response was measured using 

the Trauma Screening Questionnaire (TSQ).22–24 Study participants were asked to complete 

each of these questionnaires multiple times throughout the study.  

The GAD-7 scale consists of 7 questions about problems a respondent may have experienced 

in the past 2 weeks, with coded answer choices ranging from 0-3. These answers are then 

summed, providing a total score with a maximum value of 21. Scores of 0-4 may indicate 

minimal anxiety, scores of 5-9 may indicate mild anxiety, scores of 10-14 may indicate moderate 

anxiety, and scores of 15+ may indicate severe anxiety. For logistic regression a binary variable 

was created with a cutoff value of 5 (i.e., <5 and >=5) to capture individuals with minimal to no 

anxiety and individuals with mild to severe anxiety.  

The BRS consists of 6 questions about a respondent’s “ability to bounce back and recover from 

stress,” with coded answer choices ranged from 1-5. These answers are then averaged, 

providing a total score with a maximum of 5, with 1 indicating low resilience and 5 indicating 

high resilience.23 For logistic regression, a binary variable was created with the median BRS 

score from all study observations (3.83) as the cutoff value. A value of “0” was considered to 

indicate low resilience and a value of “1” was considered to indicate high resilience. 
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The TSQ typically consists of 10 questions about symptoms of post-traumatic stress disorder 

(PTSD), or trauma responses, that the respondent may be experiencing. However, because the 

COVID-19 pandemic was ongoing when the TSQ was administered to study participants, one 

irrelevant question asking about recurrence of the event was omitted.ii This resulted in a 

maximum possible score of 9 and a minimum possible score of 0. Scores of 6 and higher are 

considered “positive” for trauma response and risk of PTSD, so a binary variable with a cutoff 

value of 6 was created to enable logistic regression.25  

Time, hospital inpatient bed occupancy, and an indicator of individual vaccination status are the 

main exposures of interest. Time is measured as the number of weeks since study baseline in 

May 2020 and was scaled to two-week increments to facilitate model interpretation. Time was 

also examined through the creation of a “pandemic phase” variable with three categories 

designed to capture different systemic trends during the COVID-19 response. The first category 

represents the initial phase of the pandemic which included all activities until June 1, 2020, 

when the County of Los Angeles slowly began to reopen public spaces. The second category 

represents the sustained response phase between June 1, 2020 and December 14, 2020, and 

the third represents the post-vaccine phase after vaccines became available to healthcare 

workers (Figure 3-1). By including both measures of time, we hoped to capture both the effects 

of the pandemic itself on the mental health of these workers and the effects of the pandemic 

response in our analysis.  

 
ii The omitted question was “Acting or feeling as though the event were happening again.” 
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Individual vaccination status is a binary variable that changed from 0 to 1 upon the next follow-

up survey after a participant received their first COVID-19 vaccine. Hospital inpatient bed 

occupancy is calculated for study participants who work in any of the four UCLA hospitals that 

reported data to HHS: Ronald Reagan Medical Center, Santa Monica Medical Center & 

Orthopedic Hospital, Los Angeles County/Olive View Medical Center, and Los Angeles 

County/Harbor Medical Center. Occupancy is measured as the proportion of the average 

number of occupied staffed inpatient beds over the prior 7-day period to the average number of 

total staffed inpatient beds over the prior 7-day period, making it a measure of inpatient bed 

usage over time. In order to better reflect the overall occupancy status of the hospitals, the 

numerator accounted for all occupied staffed inpatient beds and the denominator accounted for 

all staffed inpatient beds, not just those beds occupied or designated for COVID-19 patients. 

•Health authorities are initially notified of the novel virus
•Stay-at-Home order in Los Angeles County
•Healthcare supply shortages
•Many unknowns about disease transmission and severity

Initial Phase (beginning of pandemic-May 31, 2020)

•State of California and Los Angeles County slowly begin to reopen economies
•Health authorities manage response primarily with non-pharmaceutical 
interventions such as masking, contact tracing, and isolation/quarantine

Non-pharmaceutical Sustained Response Phase 
(June 1, 2020-December 13, 2020)

•Multiple vaccines approved for emergency use; distributed to healthcare 
workers in first eligibility tier

•Vaccine distribution according to tiered eligibility system
•Surge of cases, hospitalizations, and deaths in LA County
•Oxygen shortages at hospitals

Vaccination Phase (December 14, 2020-May 31, 2021)

Figure 3-1: Pandemic phases used in data analysis 



 

49 
 

These proportions of inpatient bed usage were then categorized into tertiles to create a 

categorical variable.  

Age at baseline, sex, household income, race, ethnicity, and type of job in healthcare (e.g., 

doctor/physician, nurse, etc.) are the time-independent covariates included in the models for 

confounder control and to understand other risk factors associated with anxiety, resilience, and 

trauma response among healthcare workers throughout the pandemic. Type of job in healthcare 

was determined by manual categorization of each participant’s qualitative response to the 

question “What is your job title at your primary location of work in the UCLA Health system? 

(please enter the job title on your employee badge).” If a participant held more than one job role, 

only their primary job was used in the analysis, so that all job subcategories remained mutually 

exclusive.  

3.3.4 Data Analysis 

Descriptive statistics about the study sample were generated, showing frequencies and 

percentages for categorical variables, or means and standard deviations for continuous 

variables. Between-group comparisons of mean GAD-7 scores from throughout the entire study 

used the Kruskal Wallis test.  

Exploratory visualizations were also generated, which enabled visual exploration of high-level 

trends prior to model specification and selection. These visualizations included histograms of all 

reported GAD-7, BRS, and TSQ scores during the study period from May 2020 through May 

2021 (see appendices in Section 3.8) and a series of plots representing the trajectories of the 

cohort-wide average GAD-7, BRS, and TSQ scores during the study period, as well as the 

trajectory of hospital inpatient bed occupancy during the study period.  

To model change in anxiety levels, resilience, and trauma responses over time during this study 

in relation to the selected covariates, random intercept and slope mixed effects models were 

used to account for population-level fixed effects and individual-level random effects. Time, 

measured as weeks since baseline and scaled to two-week increments, was the random slope. 
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Linear models of using GAD-7 and TSQ scores as outcome variables showed evidence of non-

normality of residuals, so logistic models with binary outcome measured were used instead. The 

models used a variance components covariance structure and also included interaction terms 

for categorical hospital bed usage and the two-time variables (linear and quadratic).  

Due to a low response rate (n=228) to the ad hoc follow-up survey administered in September 

2021, the questions about mental health care utilization are not included in this analysis. Tables 

showing a high-level analysis of quantitative and qualitative responses to questions about 

barriers to mental health care access and changes to mental health routines during the COVID-

19 pandemic are included in the appendices found in Section 3.7.  

Data analysis was primarily conducted using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). 

Some supplemental analyses were conducted in R.26  

3.4 Results 

A total of 1,158 participants completed at least one survey throughout the study period, although 

1,155 completed the baseline survey. However, due to study fatigue, not all study participants 

regularly completed follow-up surveys, and most had stopped responding by May 2021 (see 

Table 3-1). To improve precision but maintain enough longitudinal data points, the data used for 

the analysis was restricted to data collected between May 2020 and May 2021.   

The majority of study participants indicated they were female (69.7%), White or Asian (50.7% 

and 27.0%), and non-Hispanic/Latino (80.5%). The baseline ages of study participants were 

more evenly distributed, with a median age of 37 (mean age of 39.7). Over two-thirds of 

participants held clinical jobs such as doctor/physician, nurse, or physician assistant/medical 

technician/therapist/nurse aid, and 26.0% of participants held administrative jobs such as 

professor, supervisor, and instructor. Additional demographic characteristics are listed in Table 

3-2.  
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There was a difference in the mean GAD-7 scores from the entire study period among age 

categories (p<0.001), sex categories (p<0.001), educational levels (p<0.001), race (p=0.024), 

and job category (p=0.004).     

 

n % n % n %
May-20 51 0.57 51 4.4 6 0.5
Jun-20 1084 12.11 747 64.5 56 4.8
Jul-20 1373 15.33 711 61.4 24 2.1

Aug-20 1421 15.87 716 61.8 24 2.1
Sep-20 1452 16.22 879 75.9 122 10.5
Oct-20 451 5.04 433 37.4 66 5.7
Nov-20 324 3.62 318 27.5 24 2.1
Dec-20 370 4.13 360 31.1 52 4.5
Jan-21 1026 11.46 678 58.5 227 19.6
Feb-21 290 3.24 266 23.0 50 4.3
Mar-21 210 2.35 185 16.0 12 1.0
Apr-21 283 3.16 255 22.0 67 5.8
May-21 244 2.73 232 20.0 109 9.4
Jun-21 112 1.25 112 9.7 67 5.8
Jul-21 13 0.15 8 0.7 3 0.3

Aug-21 30 0.34 30 2.6 20 1.7
Sep-21 220 2.46 220 19.0 220 19.0

Observations
(n=8954)

Unique Survey 
Respondents

Last Follow-Ups
(n=1149)

Table 3-1: Number and percent of survey observations, unique respondents, and last follow-ups per month 
throughout the study (prior to date restriction) 
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GAD-7 scores from throughout the entire study period were right-skewed, with 1876 (28.1%) 

individual observations with a GAD-7 score of 0, and a median of 3. However, there were 265 

(4.0%) individual observations with scores 15 and higher, which is indicative of severe anxiety, 

and 540 (8.1%) individual observations with scores between 10-14, which is indicative of 

moderate anxiety. The highest mean GAD-7 scores from all study participants were reported in 

N %b

1157 100.0

18-29 185 16.8
30-39 451 41.0
40-49 249 22.7
50-59 151 13.7
60+ 63 5.7

Sex
Female 788 69.7
Male 343 30.3

Race
Asian 303 27.0
Black 40 3.6
White 569 50.7
Two or more 60 5.4
Other 118 10.5
Refused 32 2.9

Hispanic/Latino 153 14.2
Non-Hispanic/Latino 868 80.5
Prefer not to say 57 5.3

Household income
$50,000 or less 42 3.7
$50,001-$100,000 292 25.9
$100,001-$150,000 296 26.2
Over $150,000 433 38.4
Don't know/prefer not to say 65 5.8

Some college or less 118 10.5
Bachelor's degree 361 32.1
Advanced degree 646 57.4

Doctor/Physician 258 25.3
Nurse 318 31.2
PA, Med Tech, Therapist, Nurse Aid 149 14.6
Admin/Professor, Study Personnel 265 26.0
Other (Laboratory, Pharmacist, Food 
Service, Janitorial) 31 3.0

Age at baseline, years (mean: 39.7, std: 10.8)

aDemographic questions were coded as optional for participant comfortability so 
different variables have different missing rates.
bPercentages within each variable are percentages of non-missing responses.

Study population

Education level

Primary job

Ethnicity

1099 (5.0% missing)

1131 (2.2% missing)

1122 (3.0% missing)

1078 (6.8% missing)

1128 (2.5% missing)

1125 (2.8% missing)

1021 (11.8% missing)

Table 3-2: Baseline demographic characteristics of study participants, May 2020-May 2021 (n=1,157)a 
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November 2020 (5.0) December 2020 (5.6). The lowest mean GAD-7 scores from all study 

participants were reported in March and May 2021 (3.8 and 3.6) TSQ scores were also right-

skewed, with 3646 (45.8%) individual observations with a score of 0 and a median value of 1. 

There were 1047 (13.2%) individual observations with scores of 6 or higher, which is indicative 

of PTSD risk. BRS scores were more evenly distributed, with a median of 3.83 on a 1-5 scale. 

Figure 3-2, Figure 3-3, and Figure 3-4 show the percentage of GAD-7, BRS, and TSQ scores 

each month that were categorized as a “1” in the binary version of each variable. 
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Mean GAD-7 p-valuea Mean BRS p-valuea Mean TSQ p-valuea

4.2 3.7 2.0
<0.001 0.002 <0.001

18-29 5.2 3.5 2.3
30-39 4.5 3.6 2.1
40-49 4.3 3.6 1.7
50-59 2.9 3.8 1.5
60+ 2.9 3.7 1.5

Sex <0.001 <0.001 <0.001
Female 4.7 3.6 2.2
Male 3.3 3.8 1.3

Race 0.56 <0.001 0.024
Asian 4.4 3.5 1.8
Black 3.3 3.9 1.4
White 4.3 3.7 2.1
Two or more 4.3 3.7 2.0
Other 4.1 3.6 1.6
Refused 4.6 3.4 2.1

0.63 0.16 0.81
Hispanic/Latino 4.6 3.7 2.0
Non-Hispanic/Latino 4.3 3.6 1.9
Prefer not to say 5.0 3.5 2.1

Household income 0.65 <0.001 0.07
$50,000 or less 5.8 3.5 2.3
$50,001-$100,000 4.3 3.6 2.0
$100,001-$150,000 4.4 3.6 1.9
Over $150,000 4.2 3.8 2.0
Don't know/prefer not to say 3.5 3.6 1.3

<0.001 0.05 <0.001
Some college or less 3.5 3.7 1.4
Bachelor's degree 4.7 3.6 2.1
Advanced degree 4.2 3.7 1.9

0.003 <0.001 0.004
Doctor/Physician 3.7 3.7 1.8
Nurse 5.0 3.6 2.3
PA, Med Tech, Therapist, Nurse Aid 3.9 3.6 1.7
Admin/Professor, Study Personnel 3.8 3.8 1.8
Other (Laboratory, Pharmacist, Food 
Service, Janitorial) 4.2 3.5 1.4

Primary job

aKruskal Wallis test

Study population
Age at baseline

Ethnicity

Education level

Table 3-3: Comparisons of mean GAD-7 score, mean BRS score, and mean TSQ score over the entire study period 
by group (n=1,158)a 
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Figure 3-2: Percentage of GAD-7 scores each month that indicate any level of anxiety 

Figure 3-3: Percentage of BRS scores each month that indicate low resilience 
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 Figure 3-4: Percentage of TSQ scores each month that screen positive for trauma response 
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None of the UCLA hospitals examined in this analysis ever exceeded 96.0% inpatient bed 

occupancy during the study period (May 2020 - May 2021), and the median inpatient bed usage 

among hospitals represented in the study was 92.6%. Ronald Reagan Medical Center generally 

had the highest inpatient bed occupancy of the four hospitals between May 2020 and May 2021, 

and Los Angeles County/Olive View Medical Center generally had the lowest inpatient bed 

occupancy of the four.  

 Visual inspection of trends in GAD-7, BRS, and TSQ scores as well as hospital inpatient bed 

usage over time and in relation to the milestones of initial COVID-19 restrictions loosening, 

vaccines becoming available, and then vaccine hesitancy emerging as a problem show a slight 

increase in anxiety and a slight decrease in resilience from the beginning of the study until 

Figure 3-5: Line graphs of mean GAD-7, TSQ, and BRS scores over the study period among all participants, as well 
as mean hospital capacity over time for each hospital represented as workplaces of study participants 
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December 2020, when vaccines first became available to healthcare workers in California 

(Figure 3-5).27 After that, GAD-7 scores begin to decrease and BRS scores begin to increase. 

TSQ scores decreased in July, August, and September 2020 and then steadily increased until 

January 2021, when they began to decrease again until summer 2021. Hospital inpatient bed 

usage steadily increased throughout the study period, with occasional dips in specific hospitals.  

Results of the three logistic mixed effects models are shown in Table 3-4. Anxiety level and 

trauma response shared several predictors in their regression models. A one-year increase in 

age was associated with lower odds of anxiety (aOR=0.92, 95% CI: 0.88, 0.95) and of trauma 

response (aOR=0.95, 95% CI: 0.91, 0.98). Males had lower odds of anxiety (aOR=0.35, 95% 

CI: 0.15, 0.84) and of trauma response (aOR=0.25, 95% CI: 0.10, 0.62) compared to females 

and doctors had lower odds of anxiety (aOR=0.29, 95% CI: 0.11, 0.80) and of trauma response 

(aOR=0.14, 95% CI: 0.05, 0.39) compared to nurses. Asian individuals had higher odds of low 

resilience compared to white individuals (aOR=2.01, 95% CI: 1.22, 3.32). Having received a 

vaccine was associated with lower odds of trauma response (aOR=0.30, 95% CI: 0.12, 0.76) 

and higher odds of low resilience (aOR=3.28, 95% CI: 1.65, 6.50). The fixed effect of hospital 

inpatient bed occupancy alone was not associated with anxiety or trauma response, although 

moderate (aOR=1.66, 95% CI: 1.23, 2.24) and high (aOR=1.59, 95% CI: 1.16, 2.17) levels of 

hospital inpatient bed occupancy were associated with increased odds of low resilience.  

The “Vaccination Phase” of the pandemic response was associated with increased odds of 

anxiety (aOR=2.82, 95% CI: 1.09, 7.29) and low resilience (aOR=2.68, 95% CI: 1.35, 5.32) 

compared to the “Sustained Phase.” A two-week increase in time since baseline was associated 

with an increase in odds of anxiety (aOR=1.21, 95% CI: 1.07, 1.37) and of low resilience 

(aOR=1.25, 95% CI: 1.14, 1.37). There was an interaction between the linear time variable and 

hospital inpatient bed usage in the BRS and TSQ models (p-values: 0.002, <0.001, 

respectively).  
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The quadratic time variable was associated with slightly lower odds of anxiety (aOR=0.993, 

95% CI: 0.988, 0.998) and low resilience (aOR=0.989, 95% CI: 0.985, 0.993), but showed no 

association with trauma response. There was an interaction between the quadratic time variable 

and hospital inpatient bed usage in the BRS and TSQ models (p-values: 0.02, 0.002, 

respectively). 
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3.5 Discussion 

This analysis evaluates how individual risk factors, changing hospital bed occupancy, and time, 

measured continuously and as specific phases of the COVID-19 response, may be associated 

Variables* aOR† 95% CI aOR† 95% CI aOR† 95% CI
0.92 (0.88, 0.95) 1.00 (0.98, 1.02) 0.95 (0.91, 0.98)

Female ref ref ref ref ref ref
Male 0.35 (0.15, 0.84) 0.78 (0.49, 1.25) 0.25 (0.10, 0.62)

Not Hispanic or Latino ref ref ref ref ref ref
Hispanic or Latino 1.24 (0.36, 4.24) 0.82 (0.41, 1.62) 0.60 (0.18, 2.04)
Prefer not to say 1.19 (0.18, 7.81) 1.52 (0.53, 4.36) 0.37 (0.06, 2.52)

White ref ref ref ref ref ref
Asian 1.77 (0.72, 4.34) 2.01 (1.22, 3.32) 0.50 (0.20, 1.22)
Black 4.43 (0.65, 30.33) 0.55 (0.19, 1.63) 0.49 (0.06, 3.98)
Two or more 1.91 (0.41, 8.96) 0.80 (0.34, 1.89) 0.60 (0.13, 2.86)
Other 1.38 (0.30, 6.38) 1.47 (0.63, 3.43) 0.97 (0.21, 4.60)
Refused 1.11 (0.07, 16.56) 1.12 (0.24, 5.35) 2.29 (0.16, 32.00)

Over $150,000 ref ref ref ref ref ref
$100,001-$150,000 0.42 (0.16, 1.12) 0.99 (0.57, 1.70) 0.65 (0.25, 1.70)
$50,001-$100,000 0.33 (0.12, 0.89) 1.02 (0.58, 1.80) 0.58 (0.21, 1.56)
$50,000 or less 0.17 (0.02, 1.88) 1.36 (0.35, 5.37) 0.18 (0.02, 1.61)

Don't know/prefer not to say 0.38 (0.07, 2.16) 1.51 (0.57, 3.98) 0.41 (0.07, 2.32)

Nurse ref ref ref ref ref ref
Doctor/Physician 0.29 (0.11, 0.80) 0.70 (0.40, 1.24) 0.14 (0.05, 0.39)
PA, Med Tech, Therapist, 
Nurse Aid 0.44 (0.13, 1.50) 0.93 (0.47, 1.82) 0.39 (0.12, 1.31)

Admin/Professor, Study 
Personnel 0.65 (0.22, 1.96) 0.38 (0.21, 0.69) 0.34 (0.12, 1.01)

Other 2.04 (0.18, 22.67) 1.19 (0.29, 4.87) 0.49 (0.04, 6.43)

None ref ref ref ref ref ref
Any 0.39 (0.15, 1.00) 3.28 (1.65, 6.50) 0.30 (0.12, 0.76)

Low ref ref ref ref ref ref
Moderate 0.71 (0.47, 1.06) 1.66 (1.23, 2.24) 0.82 (0.54, 1.27)
High 0.73 (0.48, 1.11) 1.59 (1.16, 2.17) 0.79 (0.50, 1.25)

1.21 (1.07, 1.37) 1.25 (1.14, 1.37) 1.00 (0.87, 1.14)
0.993 (0.988, 0.998) 0.989 (0.985, 0.993) 1.002 (0.997, 1.007)

Sustained Phase (Jun-mid 
Dec 2020)

ref ref ref ref ref ref

Initial Phase (Mar-May 0.81 (0.16, 4.11) 0.90 (0.28, 2.88) 2.72 (0.42, 17.50)
Vaccination Phase (mid Dec 
2020-May 2021) 2.82 (1.09, 7.29) 2.68 (1.35, 5.32) 0.82 (0.32, 2.12)

Time Since Study Baseline - linear

Vaccine Status

Time Since Study Baseline - quadratic

Household Income

Any Anxietya Low Resilienceb

Sex

Race/Ethnicity

Ethnicity

Age (continuous)

Pandemic Response Phase

Hospital bed occupancy

Primary job

                    
an interaction term between time since baseline-squared and hospital capacity
†Bolded point estimates are those with p-values < 0.05
aModeling Generalized Anxiety Disorder 7-item scale score as a binary outcome (where a '1' is a GAD-7 score >=5). N=483 (3569 
observations)
bModeling Brief Resilience Scale score as a binary outcome (where a '1' is a BRS score >=3.83). N=494 (4660 observations)

Trauma Responsec

Table 3-4: Associations between GAD-7, BRS, and TSQ scores as binary outcomes and fixed effects 
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with mental health outcomes in healthcare workers in LA County from May 2020 through May 

2021. Sex and age are well-established as predictors of mental health impacts from the COVID-

19 pandemic.28–30 The impacts of specific systemic factors such as political circumstances, 

scientific discoveries, and hospital conditions on the mental health and wellbeing of healthcare 

workers are less thoroughly understood. All of these elements changed throughout the course 

of the pandemic and it is likely that these changes also affected healthcare worker mental 

health.  

The median hospital bed occupancy among all the hospitals represented as workplaces in the 

sample was 92.6%, which was very high compared to the rate prior to the pandemic (Table 3-5). 

While bed occupancy rates were lower at the beginning of the study period, once they 

increased, they remained high. Staffed hospital bed occupancy rates had been declining in the 

U.S. from a rate of 76.7 in 1975 to a rate of 65.5 in 2015.31 Inpatient bed utilization rates in LA 

County and at the four UCLA hospitals 

included in this study had been increasing 

slightly since 2012 but were lower than the 

rates recorded during the COVID-19 

pandemic.32 It is notable that this analysis 

did not detect a straightforward 

association between hospital inpatient bed 

occupancy and anxiety or trauma response despite this high occupancy rate compared to the 

historic trend. Interestingly, moderate and high levels of hospital occupancy were associated 

with higher odds of low resilience, but were not associated with anxiety or trauma response. 

Low resilience may act as a proxy for burnout, so the observed association between higher 

hospital occupancy levels and low resilience may be related to the fact that hospital occupancy 

increased over time. The interaction the linear time variable and hospital inpatient bed 

Year LA County 4 UCLA Hospitals
2019 59.02 74.58
2018 58.25 73.14
2017 57.13 75.00
2016 57.22 74.89
2015 57.72 74.55
2014 57.09 76.75
2013 56.25 75.82
2012 55.31 69.73

Total Inpatient Bed Utilization (%)

Table 3-5: Los Angeles County and UCLA hospital bed 
utilization rates by year (source: California Department of 
Health Care Access and Information) 
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occupancy in the BRS and TSQ models suggest that time-related factors may have an impact 

on any association between healthcare worker mental health and hospital bed occupancy.  

While this study did not include a measure of the nurse-to-patient ratio at each hospital, it is 

important to note that nurse staffing regulations changed in California in December 2020 to 

allow nurses to care for more patients than what had been the standard.33 This increase in 

workload may have had an effect on the mental health of nurses specifically, and may 

contribute to our findings that nurses had higher odds of anxiety and of trauma response 

compared to physicians. Additionally, many hospitals in California brought in higher-paid 

contract nurses to provide surge staffing, which may have impacted staff morale and overall 

mental health.34 Future research is needed to understand the impacts of these policies on 

nurses.   

For example, LA County did not experience large-scale hospital capacity challenges at the 

beginning of the COVID-19 pandemic, as hospitals transitioned to emergency operations and 

cancelled elective surgeries to create capacity in anticipation of a surge in cases. However, 

anxiety and trauma response levels among the study population were relatively high at that 

time. Anxiety and trauma response levels were also high in the November 2020-January 2021 

time period, during which time vaccines first became available to healthcare workers but there 

was a large surge in cases in LA County and a shortage of hospital beds and oxygen supply to 

treat patients.35 

It is possible that healthcare worker mental health throughout the pandemic was more 

significantly impacted by things like supply shortages, testing availability, vaccine availability, 

community transmission rates, and vaccine hesitancy than hospital bed occupancy itself. Some 

of these factors are associated with specific phases of the pandemic, and thus may be reflected 

in the association between the “Vaccination Phase” of the pandemic response and higher odds 

of anxiety and low resilience compared to the “Non-pharmaceutical Sustained Response 

Phase”. The dichotomous interpretation of affirmative vaccine status being associated with 
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increased odds of low resilience, but decreased odds of trauma response, may also suggest the 

influence of shifting systemic trends, such as an increase in available tools to fight the disease 

along with an increase in vaccine hesitancy and contentious rhetoric in the media.  

Finally, the National Academy of Medicine’s National Plan for Health Workforce Well-Being, 

which was released in October 2022 with the goal of strengthening health workforce well-being, 

calls for statistics on the “use of mental health services and programs.”36,37 The analysis 

presented here identifies specific sub-populations of healthcare workers that may benefit most 

from improved engagement and access mental health resources. Future research should 

evaluate mental health care utilization among healthcare workers throughout the pandemic in 

order to identify barriers to access and potential areas for targeting policy changes. Such 

research can highlight gaps that health systems may help address by providing access to 

mental health care on-site, providing staff resources to find adequate mental health care to meet 

their needs, and/or giving staff more flexibility to meet their mental health and self-care needs.  

It is crucially important that health systems assure their employees that they are supported 

through all stages of a pandemic response, including before and after, and that they have 

systems in place to monitor staff wellbeing over time.2 This study demonstrates the complexity 

of understanding how many different, and sometimes competing, forces contribute to the overall 

picture of healthcare worker wellbeing during an extended health emergency response, and 

additional research will be needed to build out this understanding.    

3.6 Strengths and Limitations 

This study adds to the dearth of information about how the pandemic and pandemic response 

affected the mental health of healthcare workers in LA County specifically. It also adds to the 

growing evidence base of how healthcare workers were impacted longitudinally during the 

COVID-19 pandemic. The rapid set-up of the study provided COVID-19 testing to healthcare 

workers at a time in the response when testing opportunities and supplies were difficult to find. It 
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also collected longitudinal data on these workers under real-world conditions throughout an 

ongoing pandemic response. While this allowed for investigation of how subjects were impacted 

by the pandemic over time, it also introduced several limitations. 

A few limitations of the study must be highlighted. The cohort study used a convenience sample 

relying heavily upon word-of-mouth for participant recruitment, so it is possible that study 

participants self-selected if they were more concerned about the pandemic or more vigilant 

about their health, either of which might be related to mental health, and some level of induced, 

unmeasured confounding is likely. While there were differences in the average number of 

survey responses across many covariates, there were not major differences in the average 

number of survey responses across levels of the three outcome variables, so there is minimal 

concern about the influence of selection bias. Additionally, all survey data was self-reported, 

which may have impacted reporting of potentially-sensitive mental health outcomes, although all 

mental health outcomes were measured using widely validated scales. It should also be noted 

that the study sample did not capture many individuals with non-clinical or non-academic jobs 

which, in addition to the racial distribution of the study sample, challenge the generalizability of 

these findings to healthcare workers more broadly.   

There was missing data due to study participants failing to complete all administered surveys on 

time or at all (Table 3-1). Participants were enabled to skip most questions in the survey to 

enhance their comfort, but this meant that there are many missing variables even in complete 

questionnaires. This limited the number of observations that could be used in the regression 

models. However, data visualizations and hypothesis testing using participants’ average GAD-7 

scores from throughout the entire study confirm some of the findings of the regression models.  

Pre-pandemic mental health metrics were not available for the study participants, which made it 

difficult to assess the true impacts of the pandemic on healthcare worker mental health. While 

the GAD-7, BRS, and TSQ are well-validated instruments, they only capture pieces of an 
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individual’s overall mental health. Other outcomes of potential interest to better understand the 

holistic picture of mental include home versus workplace anxiety, stress, and burnout.  
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3.7 Chapter 3 Appendices 

3.7.1 Exploration of loss to follow-up patterns within the study 

 

Mean Dropout 
Date

Median Dropout 
Date

Average # Survey 
Responses

GAD-7 
No anxiety 2/23/2021 1/29/2021 7.8
Any anxiety 3/2/2021 1/31/2021 7.8

Low resilience 2/24/2021 1/29/2021 7.6
High resilience 2/26/2021 1/29/2021 8.0

Negative for trauma response 2/23/2021 1/29/2021 7.7
Positive for trauma response 3/29/2021 4/25/2021 8.2

Age at Baseline
18-29 1/17/2021 1/21/2021 6.4
30-39 2/12/2021 1/26/2021 7.3
40-49 2/28/2021 1/30/2021 8.2
50-59 4/7/2021 5/3/2021 9.3
60+ 5/29/2021 6/2/2021 10.5

Sex
Female 3/7/2021 2/2/2021 7.9
Male 1/31/2021 1/24/2021 7.4

Race
Asian 2/12/2021 1/26/2021 7.3
Black 2/25/2021 2/3/2021 8.1
White 3/10/2021 2/2/2021 8.3
Two or more 3/1/2021 1/29/2021 6.9
Other 2/5/2021 1/21/2021 6.7
Refused 1/16/2021 1/21/2021 6.1

Ethnicity
Hispanic/Latino 2/14/2021 1/25/2021 7.1
Non-Hispanic/Latino 3/2/2021 1/30/2021 8.0
Prefer not to say 1/6/2021 1/21/2021 6.4

Household Income
$50,000 or less 3/11/2021 2/3/2021 6.8
$50,001-$100,000 2/1/2021 1/25/2021 7.1
$100,001-$150,000 2/20/2021 1/27/2021 7.6
Over $150,000 3/14/2021 2/10/2021 8.4
Don't know/prefer not to say 3/1/2021 2/9/2021 7.6

Education
Some college or less 1/18/2021 1/22/2021 7.6
Bachelor's degree 2/16/2021 1/26/2021 7.0
Advanced degree 3/9/2021 2/2/2021 8.2

Primary job
Doctor/Physician 2/20/2021 1/29/2021 7.6
Nurse 2/7/2021 1/26/2021 7.6
PA, Med Tech, Therapist, Nurse Aid 2/9/2021 1/26/2021 7.6
Admin/Professor, Study Personnel 3/28/2021 4/21/2021 9.3
Other (Laboratory, Pharmacist, Food 
Service, Janitorial) 2/15/2021 1/29/2021 7.8

BRS

TSQ

Table 3-6: Mean and median dropout dates and average number of survey responses by study outcomes and 
covariates 
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3.7.2 Scatterplot of all reported GAD-7 scores throughout the study 

 

  Figure 3-6: Scatterplot of all reported GAD-7 scores throughout the study 
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3.7.3 Histograms of all reported GAD-7, TSQ, and BRS scores throughout the study 

 

 Figure 3-7: Histogram of all reported GAD-7 scores throughout the study 

Figure 3-8: Histogram of all reported BRS scores throughout the study 
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Figure 3-9: Histogram of all reported TSQ scores throughout the study



 

70 
 

3.7.4 Line graphs of average GAD-7, BRS, and TSQ scores by job category 

 

 Figure 3-10: Line graph of average GAD-7 score by job category 

Figure 3-11: Line graph of average BRS score by job category 
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Figure 3-12: Line graph of average TSQ score by job category



 

72 
 

3.7.5 Results from September 2021 follow-up survey on mental health care utilization 

An additional outcome of interest was participants’ utilization of mental health services during 

the pandemic, and whether or not this use of services changed from before the pandemic. Data 

on this outcome was collected from a follow-up survey that was administered to the cohort in 

September 2021 and analyzed in a cross-sectional sub-analysis. Due to a low response rate, 

the results are included in the appendix.   

Due to small cell sizes that failed to meet the assumptions of the chi-square test of 

independence, the sub-analysis of mental health care utilization within the cohort used Fisher’s 

exact test to test for differences in generalized anxiety levels among those who sought or did 

not seek mental health services during the pandemic and among those who changed or did not 

change their mental health care utilization during the pandemic.    

Two hundred and twenty-eight study participants completed the follow-up survey administered 

in September 2021 to assess mental health care utilization among the cohort during the 

pandemic (Table 3-7). Ages and jobs of respondents were well-distributed, although most 

respondents (79.6%) were female. 89 respondents (39.0%) of respondents indicated that they 

sought or wanted to seek care from a mental health professional during the COVID-19 

pandemic. Of those 89, 62 (69.7%) reported receiving mental health care. Fifty-nine study 

participants indicated that their mental health care routine had changed during the pandemic 

compared to what it had been before. There was a difference in the distribution of GAD-7 score 

levels among those who sought/didn’t seek professional mental health care and those who 

changed/didn’t change their mental health care routine.  

The sub-analysis presented here evaluating mental health care utilization in the cohort, while a 

small sample, is useful for hypothesis generation and for informing how health systems might 

provide better mental health resources to their personnel. Nearly 40% of respondents had 

sought or had wanted to seek care from a mental health professional during the pandemic, but 

only 70% of those who sought that care ultimately received it. 
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n % p-value*
216 100.0% 0.3119

18-29 22 10.2%
30-39 72 33.3%
40-49 55 25.5%
50-59 41 19.0%
60+ 26 12.0%

221 100.0% 0.3213
Female 176 79.6%
Male 45 20.4%

202 100.0% 0.132
Doctors/Physicians 49 24.3%
Nurses 46 22.8%
PAs, Med Techs, Nurse Aids, Therapists 24 11.9%
Laboratory, Pharmacists 5 2.5%
Admin/Professors, Study Personnel 77 38.1%
Janitorial, Food Service, Other 1 0.5%

228 100.0% <0.0001
Yes 89 39.0%
No 139 60.1%

89 100.0% 0.1923
Yes 62 69.7%
No 27 30.3%

228 100.0% <0.0001
Yes 59 25.9%
No 169 74.1%

Gender

Primary job

*Fisher's Exact Test

Age Category

Mental health care routine changed during 
pandemic compared to before pandemic

Sought or wanted to seek care from a mental 
health professional during pandemic

Received care from a mental health professional 
during pandemic

 
Table 3-7: Demographics and mental health care utilization during the COVID-19 pandemic among a subset of 
healthcare workers, with test for differences across levels of average GAD-7 score (n=228), Sept 2021 
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3.7.5.1 Qualitative Responses to Survey Questions About Mental Health Care 

# of 
Responses Example Quotation

29 "Have been working more to practice mindfulness."
Mindfulness/meditation apps 10 "Practiced more mindfullness, downloaded a meditiation app"
Journaling 2 "Use of meditation and journaling to help ease anxiety."

Medication 1 "More focus on controlling anxiety using mindfulness, cognitive behavrioral therapy and medication."
Cognitive Behavioral Therapy 1 See above
Coping skills 3 "more in-home self-care (baths, exercise, coping skills)"

21 "More regular exercise as a way to manage stress."
Yoga 5 "Started practicing yoga"

Outdoor time 4
"I was more deliberate about making time for exercise and outdoor activities, especially surfing. I used to 
make plans to surf and then back out, but after COVID, I knew I had to do activities like that to feel calm 
and whole."

3
"I made more of an effort to engage in routines such as mindfulness mediation, better eating habits and 
generally allowing myself to have more time to process my feelings"

Diet app 1 "Started exercising and using Noom app"
Vitamins 1 "Took vitamins, regular cardiovascular exercise"

2 "More attention to sleep and activities that center on me"
Sleep apps 6 "For a time, I used the Calm app for meditation/sleep purposes..."

10
"Significantly increased the things I did for self-care and adopted new things that helped me adapt and 
cope with struggles faced during the pandemic."

Breaks at work 1 "More breaks from work, more exercise."

Self-care apps 3
"I utilize self-care apps and talk with more friends and family. I use apps to help with sleep and anxiety."

Hobbies 2
"Actively walking outdoors and doing stairs. Doing hobby: pottery to take my mind elsewhere and make 
something. Listening to music more"

Family/friend time 6 "I spent more time at home with my family"
Social activities 1 "attended more social activities..."
Workplace/coworker support 1 "... more support from co-workers and at work to prevent provider burnout"

4 "Being more mindful of current events and taking necessary precautions"
*68 total participants responded to the survey question, and responses could be coded to multiple types/subtypes of self-care

Personal Relationships - General

Other

Type or Subtype of Self-Care*

Mindfulness/Meditation/Prayer - General

Mental Health Interventions - General

Exercise/Physical Activity - General

Diet - General

Sleep - General

Self Care - General

Table 3-8: Categorized individual responses to survey question: "How did [your mental health routine (e.g., mindfulness, meditation, phone apps)] change [during 
the COVID-19 pandemic (from March 2020-present) from what it usually was before the pandemic]?"* 
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Why did you not see a mental health professional, 
despite wanting to seek mental health care? n %

The issue(s) I wanted to discuss got better 2 7.4%
I wanted to handle the issue on my own 5 18.5%
I was unable to find a professional was available at a day/time 
convenient to me 3 11.1%

I was too busy to find time in my schedule for an appointment 16 59.3%
I did not know how to access mental health care 3 11.1%
I did not feel comfortable seeking mental health care 3 11.1%
I was concerned that someone would find out I was receiving 
mental health care 1 3.7%

I was concerned that seeking mental health care would 
negatively impact my career 1 3.7%

The care would have been too expensive 4 14.8%
My health insurance plan does not adequately cover mental 
health 3 11.1%

My health insurance plan does not cover mental health 2 7.4%
I do not have health insurance 0 0.0%
Other 1 3.7%

Table 3-9: Counts and frequencies of responses from participants who indicated they sought or wanted to seek 
mental health care during the COVID-19 pandemic but never received care as to why they did not receive 
professional care (n=27) 
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3.7.6 Question Scales Used in The Analysis 

Over the last 2 weeks, how often have 
you been bothered by the following 
problems? 

Not at 
all 

Several 
days 

Over 
half the 

days 

Nearly 
every 
day 

1. Feeling nervous, anxious, or on edge 0 1 2 3 
2. Not being able to stop or control 

worrying 0 1 2 3 

3. Worrying too much about different 
things 0 1 2 3 

4. Trouble relaxing 0 1 2 3 
5. Being so restless that it is hard to sit 

still 0 1 2 3 

6. Becoming easily annoyed or irritable 0 1 2 3 
7. Feeling afraid, as if something awful 

might happen 0 1 2 3 

 

Have you had any of the following outcomes due to the 
COVID-19 pandemic?  No Yes 
1. Upsetting thoughts or memories about the pandemic 

come into your mind against your will 0 1 

2. Upsetting dreams 0 1 
3. Acting or feeling as though the event were happening 

again 
*Not used in this 

analysis 
4. Feeling upset about the pandemic 0 1 
5. Bodily reactions (such as fast heartbeat, stomach 

churning, sweatiness, dizziness) when reminded of the 
event 

0 1 

6. Difficulty falling or staying asleep 0 1 
7. Irritability or outbursts of anger 0 1 
8. Difficulty concentrating 0 1 
9. Heightened awareness of potential dangers to yourself 

and others (Have you been more concerned or worried 
about bad things happening to you or your family?) 

0 1 

10. Being jumpy or being startled at something unexpected 0 1 
 

  

Table 3-10: The Generalized Anxiety Disorder (GAD-7) scale 

Table 3-11: The Trauma Screening Questionnaire (TSQ) 
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Please indicate the extent to 
which you agree with each of the 
following statements by using 
the following scale.  

Strongly 
Disagree Disagree Neutral Agree Strongly 

Agree 

1. I tend to bounce back quickly 
after hard times. 1 2 3 4 5 

2. I have a hard time making it 
through stressful events. 5 4 3 2 1 

3. It does not take me long to 
recover from a stressful event.  1 2 3 4 5 

4. It is hard for me to snap back 
when something bad happens. 5 4 3 2 1 

5. I usually come through difficult 
times with little trouble.  1 2 3 4 5 

6. I tend to take a long time to get 
over set-backs in my life.  5 4 3 2 1 

Table 3-12: The Brief Resilience Scale (BRS) 
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4 Aim 3: Differences in infection incidence and mental health outcomes between 

healthcare workers and first responders in Los Angeles County during the COVID-19 

pandemic 

4.1 Abstract 

Background: The COVID-19 pandemic response has placed a high level of stress on healthcare 

workers and first responders, warranting investigation of the impacts it has had on these 

occupational groups, both in terms of mental health and overall risk of infection. 

Methods: A cohort study enrolled healthcare workers (HCW) and first responders (FR) in Los 

Angeles County, California to evaluate risk factors for and impacts of COVID-19 infection over 

time. Logistic regression and chi-square tests were used to compare differences in cumulative 

infection risk, cumulative vaccination rate, average anxiety level, and average trauma reaction 

level between HCW and FR. Mixed effects models examined longitudinal associations between 

various predictors and anxiety level and trauma reaction level.  

Results: There were differences by occupational group in infection risk, vaccination rate, anxiety 

level, and trauma reaction level. Compared to healthcare workers, first responders had a higher 

cumulative risk of COVID-19 infection, a lower cumulative vaccination rate, and lower levels of 

both anxiety and trauma reaction. Age, sex, occupational group, and level of perceived 

professional support were all associated with both mental health outcomes over the study 

period. First responders had lower odds of anxiety (aOR=0.11, 95% CI: 0.04-0.28) and of 

trauma reaction (aOR=0.06, 95% CI: 0.01-0.29) than healthcare workers.   

Conclusions: Our analysis of a cohort of first responders and healthcare workers in LA County 

showed differences in COVID-19 infection risk as well as in mental health outcomes by 

occupational group. Differences in community exposure level, infection prevention practices, 

and workplace support measures may explain these differences. Therefore, further research on 
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the effect of specific workplace policies and of individual workers’ knowledge, attitudes, and 

practices on infection risk and mental health outcomes is needed. 

Keywords: COVID-19, mental health, anxiety, trauma, healthcare workers, first responders 

4.2 Introduction 

Healthcare workers and first responders play essential roles in society’s response to natural and 

human-caused disasters.1 Healthcare workers such as nurses, doctors, and ancillary hospital 

staff, and first responders such a firefighters, emergency medical technicians, and paramedics 

were some of the first groups to respond to the arrival of the SARS-CoV-2 virus in the United 

States.  

During the initial phases of the pandemic, the mode of transmission of the virus was not well 

understood, which, when coupled with a scarcity of personal protective equipment and an 

increase in the number of COVID-19 patients requiring hospitalization, placed essential workers 

like healthcare workers and first responders at a higher risk of infection than the general 

public.2–4 One study in Arizona found that first responders had a higher risk of SARS-CoV-2 

infection than healthcare workers, although few additional studies specifically investigate 

differences in infection rate between these two groups.5 Factors that are hypothesized to be 

associated with this increased risk include frequent contact with the public, fewer implemented 

infection prevention policies, and a different level of personal mitigation efforts, although these 

hypotheses require further investigation.5 

In 2020, there were nearly 66,000 firefighting and prevention and other protective service 

workers, including supervisors, in Los Angeles (LA) County and over 1.8 million nationally.6 

There were nearly 443,000 individuals working in in the healthcare or social assistance industry 

in LA County, and over 15.2 million working in that industry nationally.6 As of November 11, 

2022, the LA County Department of Public Health had confirmed COVID-19 infections in 72,268 

total healthcare workers and first responders in since the beginning of the pandemic. There had 
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also been 339 confirmed deaths among healthcare workers and first responders in the county 

as of that time.7   

The negative impacts of disaster response work on the mental health of first responders as well 

as healthcare workers has been observed in the context of COVID-19 and in other responses 

as well.1,8,9 First responders and healthcare workers have held different roles in the COVID-19 

response, and their roles have changed in different ways over time as vaccines have become 

available and as the disease became better understood. Given this difference in roles, the 

differential mental health impacts of an extended health emergency response on healthcare 

workers and on first responders is not well understood. 

Some studies have found few to no differences in mental health outcomes between healthcare 

workers and emergency response personnel such as firefighters, law enforcement officers, and 

emergency medical services workers.8,10 Others have found some differences in the prevalence 

between different job roles within these occupational groups, but few show differences in mental 

health outcomes between these two occupational groups.11 

Further investigation of whether there are differences in the impacts the COVID-19 pandemic 

response has had on healthcare workers and first responders may help identify behavioral, 

environmental, or workplace policy differences that may be associated with lower infection risk 

and more positive mental health outcomes during a long-term health emergency response. We 

therefore conducted a study of healthcare workers and first responders in LA County to assess 

incidence of COVID-19, level of workplace and community exposures, mental health status, and 

other outcomes in these workers over time.  

4.3 Methods 

4.3.1 Study Design 

A prospective cohort study to assess risk factors for COVID-19 among healthcare workers 

(HCW) and first responders (FR) in LA County enrolled healthcare workers from the UCLA 
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Health System and first responders from the Los Angeles County Fire Department starting in 

April 2020 and May 2020 respectively. To meet eligibility criteria for participation in the study, 

subjects had to be at least 18 years of age at the time of enrollment and employed in a 

healthcare setting or by Los Angeles County in an emergency services/first responder capacity. 

Subjects also had to be planning to remain employed by their current employer for at least the 

next six months following enrollment in order to allow for study follow-up. Recruitment for 

healthcare workers occurred through email engagement and by word-of-mouth. Recruitment for 

first responders occurred by word-of-mouth and through on-site efforts at fire stations serving as 

study sites.12  

We collected biological samples and survey data from participants. Study workers collected 

biological samples from study participants at repeated study visits over time to test for SARS-

CoV-2 and antibodies. After each in-person study visit for sample collection, study participants 

received a link via email to an online survey to fill out. These online surveys collected data about 

demographics, clinical history, occupational exposures to COVID-19, community exposures to 

COVID-19, mental health, and other variables of interest throughout the study period, such as 

vaccine uptake and attitudes.  

Recurring biological sample collection concluded in spring 2021, and online survey data 

collection concluded in spring 2022. All survey data from both cohorts was collected and 

managed in RedCap, hosted by the UCLA Clinical & Translational Science Institute.13,14  

4.3.2 Ethical Considerations 

Ethical approval for this study was obtained from the UCLA Institutional Review Board under 

IRB #20-000478. Informed consent was obtained from all participants prior to study enrollment.  

4.3.3 Measures of Interest 

The main outcomes of interest examined in this analysis are mental health and COVID-19 

infection risk, which was also used as a predictor of interest in some regression models. 
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Individual infection status is measured by collating several self-reported infection history 

variables with variables reporting results from COVID-19 tests conducted within and outside of 

the study. These variables were used to create an indicator variable of whether a study 

participant had ever been infected with COVID-19, as well as a count variable that increased 

with each new COVID-19 infection a participant experienced. A new infection was defined as an 

infection that occurred more than 90 days after the previous infection.15 

Two scales are used to measure two different mental health outcomes: the 7-item Generalized 

Anxiety Disorder (GAD-7) scale measures anxiety level and the Trauma Screening 

Questionnaire (TSQ) measures trauma reaction level to gauge risk of Post-Traumatic Stress 

Disorder (PTSD).16,17 The GAD-7 scale is made up of 7 questions about problems the subject 

may have experienced in the past 2 weeks, each of which has answer choices ranging from 

“Not at all” (coded as 0) to “Nearly every day” (coded as 3). The coded responses are summed 

to create a score that can range from 0-21. To account for a high frequency of zeros, this score 

was converted into a categorical and a binary variable for different elements of the analysis. The 

categories used for the categorical variable were: minimal anxiety (0-4), mild anxiety (5-9), 

moderate anxiety (10-14), and severe anxiety (15+). The binary variable used a cutoff score of 5 

to indicate subjects with minimal to no anxiety (scores less than 5) and subjects with mild to 

severe anxiety (scores greater than or equal to 5).  

The TSQ consists of 10 symptoms of PTSD to which subjects are asked to indicate whether 

they have experienced each of those symptoms (yes or no). Due to the ongoing nature of the 

COVID-19 pandemic at the time this study was conducted, one of those symptoms was 

removed due to irrelevant phrasing (“Acting or feeling as though the event were happening 

again”). When all 9 of the included items are summed, there is a minimum possible score of 0 

and a maximum possible score of 9. A binary variable was created to indicate risk for PTSD, 
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with a cutoff value of greater than or equal to 6 indicating that a subject may be at risk of 

experiencing PTSD.  

Other predictors of interest included measures of potential COVID-19 exposure risk, vaccination 

status, and level of perceived professional support. Subjects were asked three questions 

regarding workplace protection provide by their employer, to which they were asked to respond 

on a Likert scale ranging from “Strongly Disagree” to “Strongly Agree”. The three questions 

were: 1) I feel confident in my employer’s ability to protect my wellbeing, 2) I feel that my 

employer is doing everything in their power to protect me, and 3) I feel that my employer has 

given me clear instructions/guidelines/policies for worker protection. The answers to these three 

questions were summed to create a variable gauging a subject’s perceived level of professional 

support/protection ranging from 3 to 15. This score was also converted to a categorical variable 

based on tertiles of the distribution of continuous scores to facilitate some analyses. Scores less 

than 9 corresponded to a perception of a “low” level of professional support, scores from 9-12 

corresponded to a “medium” level of perceived professional support, and scores greater than 12 

corresponded to a “high” level of perceived professional support.   

The regularly-administered online survey also included a series of questions about public areas 

a subject may have visited in the past 14 days in order to measure a subject’s level of 

community exposure risk. Subjects were asked to indicate if they had visited any of nine 

different types of public area (e.g., public transportation, office, etc.) in the past 14 days. All nine 

of these indicators were then summed to create a continuous variable ranging from 0 to 9. 

Individual vaccination status was included in the analyses as a binary variable that changed 

from 0 to 1 once a subject indicated receiving their first dose of COVID-19 vaccine. A binary 

variable indicating whether a subject had direct patient care and/or civilian contact 

responsibilities in their role was also examined as a predictor of interest in the analyses.   
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Age at baseline, sex, race, ethnicity, education level, and occupational cohort (HCW or FR) are 

the demographic covariates examined in the hypothesis tests and regression models. All these 

covariates are categorical, with the exception of age, which was continuous.  

Time is measured as the number of weeks since study baseline in May 2020 and was scaled to 

two-week increments to facilitate model interpretation. Time was also examined through the 

creation of a “pandemic phase” variable with three categories designed to capture different 

systemic trends during the COVID-19 response. The first category represents the initial phase 

of the pandemic which included all activities until June 1, 2020, when the County of Los Angeles 

slowly began to reopen public spaces. The second category represents the sustained response 

phase between June 1, 2020 and December 14, 2020, and the third represents the post-vaccine 

phase after vaccines became available to healthcare workers (Figure 4-1). 

Figure 4-1: Pandemic phases used in data analysis 

•Health authorities are initially notified of the novel virus
•Stay-at-Home order in Los Angeles County
•Healthcare supply shortages
•Many unknowns about disease transmission and severity

Initial Phase (beginning of pandemic-May 31, 2020)

•State of California and Los Angeles County slowly begin to reopen economies
•Health authorities manage response primarily with non-pharmaceutical 
interventions such as masking, contact tracing, and isolation/quarantine

Non-Pharmaceutical Sustained Response Phase 
(June 1, 2020-December 13, 2020)

•Multiple vaccines approved for emergency use
•Vaccine distribution according to tiered eligibility system
•Surge of cases, hospitalizations, and deaths in LA County

Vaccination Phase (December 14, 2020-May 31, 2021)
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4.3.4 Data Analysis 

Descriptive statistics of each cohort, as well as of the entire study population, were generated. 

These included percentages of categorical variables and means and standard deviations for 

continuous variables.  

Chi-square tests were used to compare cumulative infection rates, cumulative vaccination rates, 

average anxiety levels, and average trauma reaction level by occupational cohort.  

A logistic regression with individual infection status (ever or never infected) as a function of 

occupational cohort, having public/civilian contact, vaccination status, and average level of 

perceived professional support in addition to demographic covariates was used to examine risk 

factors for infection. Accompanying visualizations of new infections and cumulative infection 

incidence in both cohorts over the course of the study were created to allow for visual 

examination of change in infection risk over time. Another visualization using a spline regression 

was generated to allow for further examination of non-linear trends in the data.  

Finally, logistic random intercept and slope mixed effects models were used to examine change 

in anxiety levels and trauma reactions over the study period and in relation to the predictors of 

interest outlined above. Time, measured in weeks since study baseline and scaled to two-week 

increments, was the random slope. The models used a variance components covariate 

structure and included both linear and quadratic terms for time. A set of paired t-tests was used 

to specifically assess if there was a change in individuals’ mean GAD-7 scores before and after 

vaccines became available in California, and if there was a change in individuals’ mean GAD-7 

scores before and during the winter 2020-2021 COVID-19 surge in LA County. To complement 

the paired t-test assessing change in anxiety levels before and after vaccine availability, a 

difference-in-differences regression was used to evaluate any difference in pre- and post-

vaccine availability anxiety level across the two occupational cohorts.  

Data analysis and generation of visualizations was conducted in SAS 9.4 (SAS Institute Inc., 

Cary, NC, USA). 
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4.4 Results 

There were 1,162 total participants in the healthcare worker cohort, of which 1,159 completed a 

baseline survey. There were 965 total participants in the first responder cohort, of which 923 

completed a baseline survey. However, due to study fatigue, not all study participants regularly 

completed follow-up surveys, and most had stopped responding by May 2021 (see Table 4-1). 

To improve precision but maintain enough longitudinal data points, the data used for the 

analysis was restricted to data collected between May 2020 and May 2021, resulting in 2,115 

total study participants. Of the 2,115 total study participants, 859 (42.2%) were female and 1175 

(57.8%) were male. The first responder cohort had a much higher percentage of male 

participants (92.1%) than the healthcare worker cohort (30.3%). The first responder cohort had 

a higher mean age (42.4) and a larger percentage of study participants over the age of 40 

(57.8%) compared to the healthcare worker cohort, which had a mean age of 39.7 and 42.1% of 

participants over the age of 40. There was also a higher percentage of Hispanic or Latino 

individuals in the first responder cohort (34.4%) compared to the healthcare worker cohort 

(14.2%). The majority of study participants across both cohorts indicated that their job involves 

direct contact with patients or with other members of the public. Other demographic statistics 

may be found in Table 4-2. A chi-square test showed that there was a difference in the percent 

of individuals indicating they have direct patient or civilian contact in their job by age group 

(p<0.001). The percent of individuals with direct patient or civilian contact decreased as age 

group increased.  
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Table 4-1: Number and percent of survey observations, unique respondents, and last follow-ups per month in the 
study 

n % n % n %
May-20 139 1.18 131 6.16 15 0.71
Jun-20 1330 11.27 960 45.13 101 4.77
Jul-20 1735 14.70 1025 48.19 93 4.39

Aug-20 1854 15.71 1130 53.13 151 7.13
Sep-20 1880 15.93 1246 58.58 257 12.14
Oct-20 658 5.57 630 29.62 159 7.51
Nov-20 397 3.36 375 17.63 31 1.46
Dec-20 605 5.13 489 22.99 99 4.68
Jan-21 1451 12.29 992 46.64 412 19.46
Feb-21 388 3.29 355 16.69 98 4.63
Mar-21 227 1.92 202 9.50 21 0.99
Apr-21 322 2.73 291 13.68 76 3.59

May-21 254 2.15 242 11.38 115 5.43
Jun-21 120 1.02 118 5.55 68 3.21
Jul-21 15 0.13 10 0.47 3 0.14

Aug-21 30 0.25 30 1.41 20 0.94
Sep-21 220 1.86 220 10.34 220 10.39
Oct-21 8 0.07 8 0.38 8 0.38
Nov-21 1 0.01 1 0.05 1 0.05
Dec-21 3 0.03 3 0.14 3 0.14
Jan-22 3 0.03 2 0.09 2 0.09
Feb-22 0 0.00 0 0.00 0 0.00
Mar-22 161 1.36 161 7.57 161 7.61
Apr-22 3 0.03 3 0.14 3 0.14

Observations
(n= 11,804)

Unique Survey 
Respondents

(n= 2,127)

Last Follow-Ups
(n= 2,117)
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Comparing cumulative infection rate, cumulative vaccination rate, and levels of general anxiety 

and trauma reaction by cohort revealed differences in all four outcomes between healthcare 

workers and first responders (Table 4-3). Of those without missing data for their vaccination 

status, the HCW cohort had a higher rate of subjects who had received at least one dose of 

vaccine (94.1%) than did the FR cohort (79.4%). The HCW cohort also had higher percentages 

of subjects whose average anxiety level throughout the study period were mild, moderate, or 

severe compared to the FR cohort, and had a higher percentage of individuals whose average 

N % N % N %

18-29 255 12.7 185 16.8 70 7.8
30-39 762 38.1 451 41.0 311 34.5
40-49 494 24.7 249 22.7 245 27.2
50-59 402 20.1 151 13.7 251 27.8
60+ 88 4.4 63 5.7 25 2.8

Sex
Female 859 42.2 788 69.7 71 7.9
Male 1175 57.8 343 30.3 832 92.1

Race
Asian 343 17.1 303 27.0 40 4.5
Black 91 4.5 40 3.6 51 5.8
White 1129 56.2 569 50.7 560 63.2
Two or more 102 5.1 60 5.4 42 4.7
Other 255 12.7 118 10.5 137 15.5
Refused 88 4.4 32 2.9 56 6.3

Hispanic/Latino 441 23.0 153 14.2 288 34.4
Non-Hispanic/Latino 1317 68.7 868 80.5 449 53.6
Prefer not to say 158 8.3 57 5.3 101 12.1

Household income
$50,000 or less 50 2.5 42 3.7 8 0.9
$50,001-$100,000 402 19.9 292 25.9 110 12.3
$100,001-$150,000 532 26.3 296 26.2 236 26.4
Over $150,000 881 43.6 433 38.4 448 50.2
Don't know/prefer not to say 156 7.7 65 5.8 91 10.2

Some college or less 708 35.1 118 10.5 590 66.3
Bachelor's degree 620 30.8 361 32.1 259 29.1
Advanced degree 687 34.1 646 57.4 41 4.6

No 299 15.0 128 11.5 171 19.3
Yes 1700 85.0 985 88.5 715 80.7

1999 (5.5% missing)

2034 (3.8% missing)

2008 (5.1% missing)

1916 (9.4% missing)

2021 (4.4% missing)

2015 (4.7% missing)

1078 (6.9% missing)

1128 (2.6% missing)

1125 (2.8% missing)

1113 (3.9% missing)

903 (5.6% missing)

838 (12.4% missing)

886 (7.4% missing)

893 (6.7% missing)

890 (7.0% missing)

886 (7.4% missing)

aDemographic questions were coded as optional for participant comfortability so different variables have different missing rates

Age at baseline, years

Education level

Patient or civilian contact

Ethnicity

All 
(N=2115)

Healthcare Workers 
(N=1158)

First Responders 
(N=957)

2001 (5.4% missing)
(mean: 40.9; std: 10.3)

1099 (5.1% missing)
(mean: 39.7; std: 10.8)

902 (5.7% missing)
(mean: 42.5; std: 9.4)

1122 (3.1% missing)

1131 (2.3% missing)

Table 4-2: Baseline demographic characteristics of study participants by occupational cohorta 
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trauma reaction level was at or above that indicating PTSD risk. The difference in infection rate 

between the two cohorts may be seen in Figure 4-2 and Figure 4-3.  

Figure 4-2 shows peaks in new infections in healthcare workers in May 2020 and December 

2020 and peaks in new infections in first responders in June/July and December 2020. After 

May 2020, the first responder cohort had a higher cumulative incidence of COVID-19 infections 

than the healthcare worker cohort throughout the rest of the study. Forty-five participants in the 

HCW cohort reported ever having been infected with COVID-19 over the study period, and 127 

participants in the FR cohort reported ever having been infected during the study period. Only 

one participant reported having more than one infection over the course of the study period.  

Cubic splines with 3 knots – at June 2020, September 2020, and December 2021 – fit the data 

well for both occupational groups and produced an r-square value of 0.988 (Figure 4-4).  

Figure 4-2: Graph of new COVID-19 infections over time by occupational cohort 
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Figure 4-3: Graph of cumulative incidence of COVID-19 over time by occupational cohort 

Figure 4-4: Cubic spline regression fit (with 3 knots) for cumulative infection proportion over time in each cohort 
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Crude models of the associations between occupational group, having patient/civilian contact at 

work, vaccination status, average level of professional support, and average level of community 

exposure showed being a first responder is associated with increased odds of infection 

N % N % p-valueb

45 3.9% 127 13.3% <0.001

637 94.1% 281 79.4% <0.001

Minimal 727 63.4% 803 86.3% <0.001
Mild 296 25.8% 98 10.5%
Moderate 89 7.8% 19 2.0%
Severe 34 3.0% 10 1.1%

Below PTSD risk indicator 1079 93.3% 926 97.6% <0.001
At or above PTSD risk 
indicator 78 6.7% 23 2.4%

aSurvey questions were coded as optional for participant comfortability and many participants did not complete regular 
surveys, so different variables have different missing rates
bChi-square test
cDenominators are non-missing values for healthcare workers (n=677, 41.5% missing) and first responders (n=354, 
63.0% missing)

Healthcare Workers 
(N=1158)

First Responders 
(N=957)

COVID-19 infection (ever)

Average Anxiety Level

COVID-19 vaccination (at least 
1 dose)c

Average Trauma Reaction 

1146 (1.0% missing) 930 (2.8% missing)

1157 (0.1% missing) 949 (0.8% missing)

Variables OR 95% CI OR 95% CI

Healthcare Workers ref ref ref ref
First Responders 3.78 (2.66, 5.38) 2.52 (1.12, 5.74)

Yes ref ref ref ref
No 0.93 (0.58, 1.49) 0.46 (0.20, 1.04)

Yes (received at least 1 dose) ref ref ref ref
No 1.92 (1.04, 3.55) 1.42 (0.70, 2.94)

High 1.34 (0.91, 1.97) 0.72 (0.35, 1.49) 
Medium ref ref ref ref
Low 0.91 (0.62, 1.35) 0.76 (0.41, 1.41) 

Average Level of Community Exposure
Low ref ref ref ref
High 1.41 (0.98, 2.03) 0.96 (0.50, 1.82)

Adjusted*

*In addition to all listed variables, adjusted model also includes variables for age, sex, ethnicity, race, and education level

Vaccination Status

Crude

Average Level of Professional Support

Occupational group

Patient or Civilian Contact

Table 4-3: Comparison of cumulative infection rate, cumulative vaccination rate, average anxiety level, and average 
trauma reaction level by occupational group (May 2020-May 2021)a 

Table 4-4: Predictors of cumulative infection risk during the study period (May 2020-May 2021) 
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compared to being a healthcare worker, and that never having been vaccinated is associated 

with increased odds of infection compared to having received at least one dose of vaccine. First 

responders still had higher odds of infection after adjusting for occupational cohort, patient or 

public contact in one’s job, vaccine status, level of professional support, and level of community 

exposure in additional to demographic covariates, although the estimate attenuated towards the 

null after adjustment (Table 4-4). Because the cumulative risk of COVID-19 infection was small 

in both cohorts, we considered the odds ratio to be a reasonable approximation of the risk ratio.  
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Results of the two logistic mixed effects models examining longitudinal associations between 

predictors and the two mental health outcomes of interest are presented in Table 4-5. A one-

Variables aOR* 95% CI aOR* 95% CI
0.94 (0.91, 0.96) 0.93 (0.89, 0.97)

Male ref ref ref ref
Female 2.98 (1.51, 5.89) 8.63 (3.17, 23.51)

Not Hispanic or Latino ref ref ref ref
Hispanic or Latino 1.75 (0.71, 4.28) 1.27 (0.35, 4.59)
Prefer not to say 1.13 (0.27, 4.74) 0.58 (0.07, 4.95)

White ref ref ref ref
Asian 1.38 (0.65, 2.94) 0.47 (0.17, 1.34)
Black 1.27 (0.28, 5.79) 0.22 (0.02, 2.38)
Two or more 1.05 (0.28, 4) 0.52 (0.11, 2.56)
Other 0.91 (0.31, 2.67) 0.17 (0.01, 3.42)
Refused 1.36 (0.20, 9.38) 0.29 (0.04, 2.05)

Some college or less ref ref ref ref
Bachelor's degree 1.41 (0.53, 3.7) 1.06 (0.23, 4.77)
Advanced degree 1.54 (0.56, 4.22) 0.81 (0.17, 3.73)

Healthcare Workers ref ref ref ref
First Responders 0.11 (0.04, 0.28) 0.06 (0.01, 0.29)

Yes ref ref ref ref
No 1.57 (0.70, 3.52) 0.65 (0.20, 2.11)

No ref ref ref ref
Yes (received at least 1 dose) 0.32 (0.15, 0.69) 1.76 (0.63, 4.89)

Never ref ref ref ref
Yes 1.86 (0.62, 5.59) 2.37 (0.46, 12.08)

0.81 (0.75, 0.86) 0.81 (0.73, 0.89)
1.06 (0.95, 1.17) 1.14 (0.99, 1.32)
1.09 (1.02, 1.17) 1.20 (1.09, 1.32)

0.997 (0.994, 1.000) 0.991 (0.986, 0.995)

Sustained Phase (Jun-mid Dec 
2020) ref ref ref ref

Initial Phase (Mar-May 2020) 0.43 (0.12, 1.52) 2.36 (0.41, 13.54)
Vaccination Phase (mid Dec 
2020-May 2021) 2.51 (1.22, 5.16) 1.23 (0.47, 3.24)

Time Since Study Baseline - linear

Vaccination Status

Time Since Study Baseline - quadratic

Education Level

GAD-7a TSQb

Sex

Race/Ethnicity

Ethnicity

Age (continuous)

Patient or Civilian Contact

Professional Support (continuous)

Occupational Group

aModeling Generalized Anxiety Disorder 7-item scale score as a binary outcome (<5 or >=5).  N=860 (5026 observations)
bModeling Trauma Screening Questionnaire score as a binary outcome (<6 or >=6). N=860 (5033 observations)

Infection Status

Community Exposure (continuous)

Pandemic Response Phase

Table 4-5: Fixed effect results from mixed effects models of predictors of anxiety and trauma reaction over the course 
of the COVID-19 pandemic, May 2020-May 2021 
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year increase in age, being a first responder compared to being a healthcare worker, and a 

higher perceived level of professional support were all associated with lower odds of anxiety 

and lower odds of a trauma reaction level indicative of PTSD. Having received at least one dose 

of vaccine was also associated with a decreased odds of anxiety compared with having 

received no doses of vaccine (aOR=0.32, 95% CI: 0.15, 0.69), but had no association with 

trauma reaction (aOR=1.76, 95% CI: 0.63, 4.89). Female sex was associated with an increased 

odds of both anxiety and a higher trauma reaction level compared to male sex.  

The linear time term was associated with higher odds of anxiety and higher odds of trauma 

reaction level indicative of PTSD. The quadratic time variable was associated with a slight 

decrease in odds in both models, however.  

The paired t-test assessing differences in individuals’ mean GAD-7 scores after vaccines 

became available in California, compared to before, failed to reject the null hypothesis of there 

being no difference in mean GAD-7 scores before and after vaccines became available on 

December 14, 2020 (p-value: 0.8447).  

The paired t-test assessing differences in individuals’ mean GAD-7 scores during the winter 

2020-2021 surge, compared to before, rejected the null hypothesis of these being no difference 

in mean GAD-7 scores before and during the surge (p-value<0.001).  

Finally, in the difference-in-differences logistic regression model evaluating the difference in 

post- and pre-vaccine availability anxiety levels by cohort, there was an interaction between 

cohort and time (p-value<0.001), suggesting that the change in anxiety level after vaccines 

became available was different for each cohort.  

4.5 Discussion 

Compared to previous recent pandemics, the COVID-19 pandemic is notable in that healthcare 

workers, first responders, and public health workers around the world have been responding for 

over three years. This extended duration of the response not only presented an opportunity for 
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longitudinal examination of infection risk and changes in mental health, it emphasized the 

importance of understanding factors that impact infection risk and mental health so that 

interventions may be developed to improve the resiliency of the health workforce for future 

health emergency responses. Examining differences between the occupational groups that 

have been most directly involved in the pandemic response can aid in the identification of more 

effective strategies for infection prevention and mental health protection in the future.  

The higher risk of COVID-19 infection in first responders compared to healthcare workers 

identified in this study is consistent with the findings of another study in Arizona.5 The findings 

that females and younger individuals have higher odds of anxiety and trauma are also 

consistent with existing research.18,19 

The differences in anxiety levels and trauma reaction levels over time between the two cohorts 

in this study adds to the limited literature comparing the pandemic effects on these two groups 

of responders, however, causal explanations of these differences warrant continued 

investigation. One predictor of interest is level of contact with the public and level of community 

exposure. Many studies have established the relationship between community contact and risk 

of COVID-19 infection.20,21 Due to differences in roles, first responders and healthcare workers 

have different types of interactions with the community, and different durations of interactions 

with patients. Better understanding the nature of these patient and community interactions may 

lead to a better understanding of the transmission risks associated with these interactions and 

their mental health implications. 

Another predictor of interest is that of perceived professional support. It is possible that training 

frequency or training differences between these two groups leads to a certain level of perceived 

support which then influences mental health. Differences in training itself may also impact 

worker resilience, so it is important that emergency response agencies and health systems 

recognize employee mental health as part of routine emergency preparedness work and 



 

99 
 

prioritize it accordingly in training and exercise planning. Training of managers in strategies 

such as psychological first aid can aid in implementation of early interventions in future 

emergency responses.1 Complementary strategies to prioritize to improve healthcare workforce 

mental health outcomes include relaxation training, social connectedness, and grief training. 

In addition to professional support and training, other workplace policy differences that might 

explain differences in infection rates or mental health outcomes between these two groups 

include vaccine mandate timelines, testing mandates and enforcement, and availability of 

personal protective equipment (PPE). Environmental factors related to the workplace, such as 

the use of medical-grade HEPA filters in hospitals and implementation of other infection control 

practices, are another differing factor to consider. Individual behaviors like uptake of vaccines, 

effective use of PPE, and frequency of community exposure also contribute to overall individual 

risk of infection and may impact mental health.  

Comparing outcomes between occupational groups, as we did in this study, can illuminate how 

these workplace policy, environmental, and behavioral differences collectively affected worker 

infection risk and worker mental health during the COVID-19 pandemic. Future research is 

needed to better understand how specific workplace policies affect these outcomes. It is also 

important for future research to evaluate the effect of individual worker knowledge, attitudes, 

and practices on infection risk and mental health. Understanding the complex mechanisms that 

contribute to these outcomes in the context of a long-term response to a widespread health 

emergency will not only inform research priorities for rapid response to a future event, but will 

enable employers and health authorities to implement policies that better protect the health of 

workers before another health emergency occurs.  

4.6 Strengths and Limitations 

This study adds to the limited literature comparing the experiences of healthcare workers and 

first responders during the COVID-19 pandemic. The rapid set-up of the study provided COVID-
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19 testing to frontline health workers at a time in the response when testing opportunities and 

supplies were difficult to find. It also collected longitudinal data on these workers under real-

world conditions throughout an ongoing pandemic response. While this allowed for investigation 

of how subjects were impacted by the pandemic over time, it also introduced several limitations.  

One of the limitations of this study is the rate of missing data on many of the predictors and 

outcomes of interest. Online surveys were designed to allow participants to skip questions to 

alleviate participant burden, but this increased the rate of missing data. Additionally, because 

the study followed healthcare workers and first responders in the midst of a pandemic response, 

many study participants were not able to regularly complete study surveys, leading to 

longitudinal data that was unbalanced. However, because follow-up surveys repeated many of 

the same questions over time, there were several opportunities to validate responses on 

infection and vaccination status, and examination of findings in both longitudinal and cumulative 

analysis allowed for additional validation of associations.  

Another limitation is the reliance on self-reporting for most of the data. It is therefore possible 

that there is recall bias from study participants misreporting or failing to report their infection 

history or vaccination history, and it is also possible that there is social desirability bias if 

participants did not accurately report their mental health status for sensitivity reasons. For 

example, it is possible that some participants feared negative career repercussions if their 

survey results screened positive for a mental health disorder.  

While the combination of the HCW and FR cohorts generates a study population with 

demographics that are more balanced than either cohort individually, it is important to note that 

the study population still may not be generalizable to frontline workers in other sectors or in 

other regions that have different demographic makeups.  

Aside from the survey questions about the public areas a subject had visited in the past 14 

days, the study did not include additional repeated measures to gauge a subject’s level of risk of 
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invoicommunity transmission of the SARS-CoV-2 virus. Inclusion of a more robust set of 

measures on community exposure risk would have enhanced improved the analytic capability to 

evaluate the contribution of community exposures versus workplace exposures to overall 

infection risk.  

Additionally, the study did not discretely measure level of home-life support or level of home-life 

related stress. Without such measures, it is difficult to disentangle the contributions of and 

interactions between professional support, professional stress, home-life support, and home-life 

stress in affecting individual mental health outcomes.  
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4.7 Chapter 4 Appendices 

4.7.1 Exploration of loss to follow-up patterns in the study 

 

  

Mean Dropout 
Date

Median Dropout 
Date

Average # Survey 
Responses

GAD-7 
No anxiety 2/7/2021 1/21/2021 5.4
Any anxiety 2/24/2021 1/25/2021 6.6

Negative for trauma reaction 2/8/2021 1/21/2021 5.6
Positive for trauma reaction 3/15/2021 2/10/2021 7.0

Age at Baseline
18-29 1/9/2021 12/14/2020 5.4
30-39 1/22/2021 1/21/2021 5.4
40-49 2/14/2021 1/21/2021 5.5
50-59 3/14/2021 1/25/2021 5.6
60+ 5/19/2021 5/24/2021 8.5

Sex
Female 3/14/2021 2/2/2021 7.6
Male 1/18/2021 12/15/2020 4.1

Race
Asian 2/13/2021 1/25/2021 7.0
Black 2/6/2021 1/25/2021 5.5
White 2/21/2021 1/22/2021 5.6
Two or more 2/14/2021 1/21/2021 5.2
Other 1/17/2021 1/6/2021 4.7
Refused 11/27/2020 9/30/2020 3.6

Ethnicity
Hispanic/Latino 1/25/2021 1/7/2021 4.3
Non-Hispanic/Latino 2/25/2021 1/25/2021 6.3
Prefer not to say 12/20/2020 11/30/2020 4.0

Household Income
$50,000 or less 3/4/2021 1/29/2021 5.9
$50,001-$100,000 1/28/2021 1/21/2021 5.9
$100,001-$150,000 1/24/2021 1/21/2021 5.4
Over $150,000 2/25/2021 1/23/2021 5.7
Don't know/prefer not to say 2/12/2021 1/21/2021 5.1

Education
Some college or less 1/6/2021 11/6/2020 3.5
Bachelor's degree 2/14/2021 1/21/2021 5.4
Advanced degree 3/17/2021 2/4/2021 7.9

Occupational Group
HCW 2/28/2021 1/29/2021 7.9
FR 1/29/2021 11/20/2020 2.8

TSQ

Table 4-6: Mean and median dropout dates and average number of survey responses by study outcomes and 
covariates 
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5 Conclusion 

5.1 Concluding Remarks 

The impacts that the COVID-19 pandemic have had on the physical and mental health of 

essential workers in the United States over the past three years are the product of individual, 

familial, community-based, occupational, governmental, and other factors.  

Individuals who work in certain occupations (e.g., healthcare) are at higher risk of COVID-19 

infection at work than individuals who work in other industries that allow for remote work.1 

However, “less is known about infection risk for first responders and other essential workers 

than for healthcare personnel,” and few studies have been conducted that compare risk across 

different occupational groups in the U.S.2 There are even fewer that compare risk across 

occupational groups in Los Angeles County. 

With this dissertation I hope to add nuance to the understanding of how the pandemic has 

impacted these workers, particularly their mental health. I also hope to demonstrate the utility of 

incorporating multiple publicly available datasets into investigations of an ongoing infectious 

disease pandemic to expand the possible analytical options.    

5.2 Future Research 

While this research specifically examined the role of workplace factors in mental health, 

individuals experience many other sources of both stress and support throughout their daily 

lives. Future research is needed to distinguish contributions of workplace support and stressors 

from home and community-based support and stressors to a worker’s overall mental health. 

A study evaluating the occurrence of long-term health problems in healthcare workers post-

COVID-19 found that they were reluctant to seek medical advice or take additional sick leave.3 

Such reluctance may further contribute to burnout and declining mental health, and so it is 

important for future studies to further examine why these workers are hesitant to seek medical 
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advice. As Chapter 3 demonstrates, qualitative methods may be useful in understanding such 

decisions.  

Qualitative or mixed methods may also be useful in identifying opportunities for employers to 

provide improved tools and training to their employees. The implementation of different 

occupational exposure control measures may explain some of the variation in risk across 

occupations identified in Chapter 4, and mixed methods may allow for identification of these 

differences. Mixed methods can also help identify training gaps that employers can address.   

Some research from throughout the COVID-19 pandemic examined how different coping 

mechanisms and stress reduction techniques may help manage mental health. Listening to 

music was associated with lower levels of stress and improved mood, and many mindfulness 

“micropractices” can have significant positive impacts on mental wellbeing.4,5 Pilot studies 

should be organized to understand the feasibility and effectiveness of implementing some of 

these strategies in the workplace.  

5.3 Public Health Importance / Policy Implications 

The COVID-19 pandemic has placed enormous pressure on essential workers across the 

economy. In areas heavily affected by COVID-19, health system workers and first responders 

have been faced with increased workload, lack of personal protective equipment, increased 

media attention, and poorly prepared health systems. Education workers have been impacted 

by repeated shifts between remote and in-person work while trying to keep students engaged, 

outdated ventilation systems, and contentious public debate about when and how to reopen 

schools. Many food service workers have dealt with temporary unemployment, unenforced 

public health orders, and challenging customers throughout the last three years.  

All of the above stressors may contribute to burnout, leading to many workers in these essential 

sectors leaving their jobs. Additionally, long COVID is causing some affected workers to reduce 

their work hours or leave the workforce entirely while they deal with the long-term effects of their 
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illness.6 As a result of all of these forces, there are current workforce shortages in health care, 

teaching, food service, and in the general U.S. economy.7–9 

The politization of the COVID-19 response and diverging societal attitudes towards healthcare 

and public health guidelines have also affected the mental health of workers. In particular, 

healthcare workers around the world experienced stigma, discrimination, threats, harassment, 

and physical violence from patients and the general public. Some of these actions were 

motivated by fear of disease transmission, while others were motivated by anger over public 

health rules or mistrust of the health system. Experiencing such treatment is associated with 

increases in symptoms of many mental health disorders.10,11 Public health workers and school 

personnel experienced similar treatment throughout the pandemic as well.12,13 Governments 

around the world can do more to provide safer working environments for all types of workers 

and to ensure workers receive the mental health support they need.14  

The most recent Mental Health Atlas from the WHO showed that governments around the world 

spend a median of 2.1% of their total health expenditures on mental health.15 In 2016, 6% of 

U.S. health care spending went to behavioral health.16 This highlights an opportunity for the 

federal, state, and local government to dedicate more resources to mental and behavioral health 

so that the mental health care system is better equipped to deal with future surges in demand 

for any reason. Some studies have found an association between pandemic policy stringency 

and poorer mental health.17 This highlights the importance of establishing effective systems of 

care before they are needed during an emergency response, which mitigates the need to 

establish such stringent policies during a response. Additionally, there is an opportunity for 

employers to better serve the physical and mental health needs of their employees by 

establishing improved policies and tools for future health emergencies. It will be important for 

employers to work with researchers to validate and deploy screening tools that are specifically 

tailored to the workplace stressors faced by health first responders during both acute and 
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prolonged health emergencies. One such example is the Stress and Anxiety to Viral Epidemics-

9 (SAVE-9) scale.18 

On July 16, 2021, the U.S. Department of Health and Human Services (HHS) announced 

specific funding through the American Rescue Plan to be used towards reducing burnout and 

promoting mental health among the health workforce.19 Additionally, the CDC’s COVID-19 

Information Metrics for Response Leadership’s Decision Making recommends “number and 

proportion of responders reporting mental health symptoms, psychological stressors, and poor 

resilience” as a metric to inform COVID-19 response decisions.20  

The provision of this funding and recognition of mental health outcomes in decision making are 

crucial steps in establishing a culture of wellness in the health and public safety workforce. It will 

be critical that ongoing efforts in this area specifically recognize the needs of health workers in 

rural and medically underserved areas as well.  

It is critically important to expand similar funding initiatives to support workers in other essential 

sectors as well, as many workers outside of health care and emergency response were 

adversely impacted, both physically and mentally, by the pandemic response. Efforts to bolster 

worker wellness and to improve preparedness across sectors of the economy will mitigate the 

worst impacts of future health emergencies.  
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