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Supervisor:  José D. Rojas, PhD, RRT, RPFT, FAARC 

 

Background: Coronavirus disease 2019 (COVID-19) is a highly infectious viral illness, 

which targets patient’s respiratory system. Objectives: To (1) determine whether 

respiratory mechanics, oxygenation impairment, sociodemographics, and multimorbidity 

of mechanically ventilated COVID-19 subjects are associated with survival; (2) 

determine the factors associated with physical function status after completing six weeks 

of pulmonary rehabilitation (PR) of COVID-19 subjects with persisting pulmonary 

symptoms; and (3) investigate the impact of socioeconomic (SES) disparities on 

participation in PR and morbidity of Long COVID patients. Design: Retrospective 

analysis using the electronic health records. Participants: Adults ≥ 18 years, with 

positive COVID-19 diagnosis that were mechanically ventilated (n = 415). Adults with 

positive COVID-19 diagnosis with persisting dyspnea that completed PR (n = 68). Adults 

with ICD-10 diagnosis for Long COVID within the TriNetX database (n = 67,019). 

Measures: Sociodemographics, comorbid conditions, respiratory mechanics, University 

of California – San Diego Shortness of Breath Questionnaire score, 6-minute walking 

distance, anxiety, depression, post-traumatic stress disorder, survival and morbidity. 

Analysis: Descriptive statistics were performed to assess the sample characteristics. 

Generalized estimating equation models was used to assess survival. Multivariate 

regression was used to assess improvement in physical function. Kaplan curve analysis 

was performed to assess participation of PR and morbidity. Results: Being younger, 

female, and Non-Hispanic White were associated with survival of mechanically 

ventilated COVID-19 patients. Most Long COVID patients had improved physical 

function following PR. Conclusions: Sociodemographic factors were significantly 

associated with survival. As pulmonary dynamic compliance increased, survival 

increased in mechanically ventilated COVID-19 subjects. Non-Hispanic Blacks had 

lower odds of physical function improvement after completing PR than Non-Hispanic 

Whites. Long COVID patients with SES disparities were more likely to have lasting 

morbidity issues. 
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CHAPTER 1 

Background/Introduction 

 

Coronavirus disease 2019 (COVID-19) is a contagious viral disease that predominantly 

affects the respiratory system. (Cascella, 2023; Salzberger, 2021) COVID-19 was declared a 

global pandemic on March 11, 2020 (Cucinotta, 2020) and has since caused many 

hospitalizations and significant mortality worldwide. (Nasiri, 2020) As of February 2024, more 

750 million people have been diagnosed with COVID-19 and COVID-19 has contributed to 

more than 7 million deaths worldwide. (WHO, 2023)  

COVID-19 affects subjects of all ages, sexes, races, ethnicities and health statuses. 

(Baradaran, 2020) The risk of COVID-19 severity varies by age, sex, and presence of comorbid 

conditions, (Bergman, 2021; Liu, 2021) such as hypertension, diabetes mellitus, chronic heart 

failure and pulmonary disease. (Salzberger, 2021) Healthy subjects also struggle with morbidity 

and mortality issues related to COVID-19 infection. (Ronderos Botero, 2020)  

Meta-analyses suggest that older age and comorbid conditions are associated with the 

severity and prognosis of COVID-19, while male sex is associated with a higher prevalence and 

disease severity than females. (Fang, 2020; Galbadage, 2020)  Lack of understanding of COVID-

19 epidemiology and clinical course hinder effective clinical practice and public health decision-

making. (Kolifarhood, 2020)  

 

SOCIODEMOGRAPHIC FACTORS ASSOCIATED WITH COVID-19 

Older adults and minority groups are more susceptible to contracting COVID-19. 

(Khanijahani, 2021; Magesh, 2021) The clinical severity of the disease varies by race/ethnicity 



 

 

 

2 

and comorbidities. (Pennington, 2021) Figure 1.1 shows data provided by the Centers for 

Disease Control and Prevention (CDC) on prevalence rates for COVID-19 by age group, in the 

United States of America (US) from the March 11, 2020 until April 26, 2023. 

 

FIGURE 1.1 PREVALENCE RATES FOR COVID-19 BY AGE GROUP IN THE UNITED STATES 

 

Source: CDC, 2023 

Dai et al. concluded that the impact of COVID-19 varied by race and ethnicity, with a 

higher burden of underrepresented populations. (Dai, 2021) Non-Hispanic Blacks, specifically, 

are more vulnerable to COVID-19 than other ethnic groups. (Abedi, 2021)  

 

SOCIOECONOMIC FACTORS ASSOCIATED WITH COVID-19 

A retrospective study of primarily Hispanic/Latino subjects in Los Angeles County found 

that Hispanic/Latino subjects had socioeconomic and clinical characteristics that 

https://www.statista.com/statistics/1254271/us-total-number-of-covid-cases-by-age-group/
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disproportionally affected their COVID-19 outcomes. (Casillas, 2021) Neighborhood 

socioeconomic status is a significant risk factor for COVID-19 incidence. (Zhang, 2021) In the 

US, financial burdens, lack of insurance coverage, and supply chain shortages have led subjects 

living in rural areas to have an increased risk of hospitalization and death from COVID-19. 

(Kaufman, 2020) Race/ethnicity and socioeconomic deprivation are associated with a greater 

likelihood of COVID-19 incidence and hospitalization. (Upshaw, 2021)  

In the United States of America (US), county-level sociodemographic risk factors have 

also been associated with increased COVID-19 incidence and mortality rates. (Karmakar, 2021) 

Social determinants of health, including socioeconomic status, neighborhood environment, 

housing conditions, environmental exposures, and access to healthcare, have been demonstrated 

to impact various pulmonary disease populations across certain racial/ethnic groups. (Grant, 

2022) A systematic review highlights that the COVID-19 pandemic has underscored the urgent 

need to address health disparities and social determinants of health, particularly impacting 

vulnerable populations with higher rates of hospitalizations and mortality. (Green, 2021) There 

has shown to be a significant impact of adverse social determinants of health on COVID-19 

mortality rates of Black Americans. (Dalsania, 2022) Stanojevic et al. report that socioeconomic 

disadvantage is associated with poor lung health and causing a need for the need for targeted 

policies and interventions to improve lung health. (Stanojevic, 2021) 

 

CLINICAL FACTORS – COMPLIANCE, RESISTANCE, AND OXYGENATION IMPAIRMENT 

A compromised respiratory status upon admission exacerbates the outcomes of COVID-

19 subjects. (Guan, 2020) Studies show that respiratory system compliance (CRS) is 

compromised within COVID-19 subjects who develop acute respiratory distress syndrome 
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(ARDS), (Marini, 2020) and reported to be associated with mortality in critically ill COVID-19 

subjects. (Ferreira, 2021) Gattinoni et al. described possible different clinical phenotypes of 

compliance changes within COVID-19 infection. Type L is characterized by high pulmonary 

compliance with low ventilation-to-perfusion ratio, lung weight, and recruitability; Type H is 

characterized by low pulmonary compliance with high right-to-left shunt, lung weight, and 

recruitability. (Gattinoni, 2020) Koppurapu et al. described a clinical presentation of airflow 

obstruction and increased resistance in mechanically ventilated subjects suffering from COVID-

19. (Koppurapu, 2021) A Chinese study revealed that airway resistance (RAW) was increased for 

subjects who died from COVID-19 and was decreased for subjects who survived within the 

critically ill COVID-19 population. (Pan, 2021) 

PaO2/FiO2 (PF ratio) is widely used measurement for impaired oxygenation (Gilissen, 

2022) and effectively predict severe respiratory failure in COVID-19 patients. (Sinatti, 2021) Pan 

et al. showed that lower CRS and lower PF ratio affected mortality in a small observational study. 

(Pan, 2020) Longino et al. reported that PF ratios in COVID-19 subjects receiving mechanical 

ventilation were significantly lower in those who died versus those who survived. (Longino, 

2021) However, in a more extensive cohort study of subjects with acute ARDS receiving 

mechanical ventilation and prone positioning, Tisminetzky et al. report that PF ratios were not 

associated with ICU mortality. (Tisminetzky, 2022) Li Bassi et al. report that mechanically 

ventilated COVID-19 patients have heterogenous CRS, with females having lower values than 

males. (Li Bassi, 2021)   

There are conflicting results within the literature regarding ARDS and COVID-19. Some 

research shows moderate to severe COVID-19 infection affects the respiratory system and 

increases the possibility of pneumonitis and ARDS. (George, 2020; Wu, 2020) The development 
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of ARDS in COVID-19 subjects is negatively associated with a patient's likelihood of survival. 

(de Terwangne, 2021) There are reports that COVID-19 ARDS patients have similar CRS as 

traditional ARDS patients. (Mart, 2020; Pearce, 2021) Whereas other research states that 

COVID-19 ARDS subjects demonstrate different respiratory mechanics than traditional ARDS 

subjects, (Cereda, 2020; Chiumello, 2020) specifically worse static compliance (CSTAT). (Jagan, 

2023) However, studies show that this does not necessarily imply worse ICU outcomes nor an 

increased risk of mortality rates of COVID-19 subjects compared to traditional ARDS subjects. 

(Dmytriw, 2021; Jagan, 2023)  

According to the NIH patients can present with mild, moderate or severe COVID-19 

illness. Mild COVID-19 patients experience various signs and symptoms, such as fever, cough, 

sore throat, fatigue, headache, muscle pain, nausea, vomiting, diarrhea, and loss of taste and 

smell. They do not typically experience shortness of breath, difficulty breathing with exertion, or 

abnormal imaging results. Moderate COVID-19 patients exhibit lower respiratory disease 

findings during clinical assessment or imaging, along with oxygen saturation (SpO2) of 94% or 

higher on room air. While severe COVID-19 patients exhibit an SpO2 level below 94% on room 

air at sea level, a PaO2/FiO2 ratio below 300 mm Hg, a respiratory rate exceeding 30 breaths per 

minute, or lung infiltrates exceeding 50%. (NIH, 2024) 

 

HOSPITALIZATION 

Up to 90% of subjects hospitalized from COVID-19 have comorbid conditions, yet older 

adults show higher hospitalization rates. (Garg, 2020; van Gerwen, 2021) Age is associated with 

greater COVID-19 hospitalizations in the US, with or without underlying conditions. (Figure 

1.2) Studies show significant differences in cardiometabolic risk associated with COVID-19 
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hospitalizations by age and race/ethnicity. (O'Hearn, 2021) Multiple studies show that being 

male and having multimorbidity is associated with increased hospitalization. (Bergman, 2021; 

van Gerwen, 2021)  

COVID-19 patients with chronic obstructive pulmonary disease (COPD) have shown to 

be susceptible to an increased severity of the disease. (Leung, 2020) Literature shows that a 

frequent cause of hospitalization in the COVID-19 population is respiratory failure. (Nielsen 

Jeschke, 2020)  Higher referrals of hospitalization have been associated with COVID-19 subjects 

who are older, male, have a high body mass index (BMI), and have comorbid conditions, such 

as, obesity, hypertension or diabetes. (Cuschieri, 2020; Gupta, 2020; Lateef Ibrahim, 2022; 

Merzon, 2022; Vahey, 2021)  
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FIGURE 1.2 COVID-19 HOSPITALIZATION BY PRE-EXISTING CONDITIONS AND AGE 

 

Source: CDC, 2020  

* Based on 1,320,488 laboratory-confirmed COVID-19 cases individually reported to CDC during January 22–May 

30, 2020. Hospitalization status was known for 600,860 (46%). Among 184,673 hospitalized patients, the presence 

of underlying health conditions was known for 96,884 (53%). Includes reported ICU admissions. 

 

 

A study in Georgia of predominantly non-Hispanic Black subjects reported that non-

Hispanic Blacks had a disproportionately higher hospitalization rate than other race and ethnic 

groups. (Racine, 2022) Within the US Military, minority ethnic groups were more likely to be 

hospitalized with COVID-19 than non-Hispanic Whites. (Young, 2021) Studies show that as age 

increases, the likelihood of in-hospital mortality also increases. (Kim, 2021; Martos Pérez, 2021)  

https://www.statista.com/statistics/1127589/covid-19-patients-share-hospitalized-with-and-without-underlying-conditons-by-age-us/
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MORTALITY RISKS RELATED TO COVID-19 

Early in the pandemic, evidence showed that older adults, Hispanics, and females had a 

higher chance of mortality from COVID-19. (Tian, 2021) A retrospective analysis in Wuhan, 

China, suggests that in-hospital death of COVID-19 patients has been associated with older age. 

(Zhou, 2020) Multiple other studies also report that older age is associated with higher odds of 

mortality from COVID-19. (Takagi, 2021; Williamson, 2020; Yanez, 2020)  

Males that are hospitalized for COVID-19 have a significantly higher risk of mortality 

than females. (Nguyen, 2021; van Gerwen, 2021) Although females had higher incidence rates in 

older adults (Hu, 2021), males were still more likely to die from COVID-19. (Dessie, 2021; Hu, 

2021; Jin, 2020; Williamson, 2020; Yanez, 2020) Evidence shows that mortality related to sex 

disparities in COVID-19 are multifactorial. (Alwani, 2021) Other evidence shows that non-

Hispanic Blacks with COVID-19 have higher odds of mortality than other race/ethnicity groups. 

(Yue, 2021) A study of COVID-19 subjects who were not admitted into the intensive care unit 

(ICU) showed that being older, with renal disease, or the need for supplemental oxygen was 

associated with mortality. (Grima, 2023)  Data from the CDC, reported from the beginning of the 

pandemic through June 14, 2023 are shown in Figures 1.3 , 1.4, and Figure 1.5. The data show 

the number of US COVID-19 deaths by age group, by sex, and distribution of COVID-19 death 

by race and ethnicity, respectively. 
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FIGURE 1.3 NUMBER OF COVID-19 DEATHS AS OF JUNE 14, 2023 BY AGE GROUP 

 

Source: CDC, 2023 

* Number of deaths reported in this table are the total number of deaths received and coded as of the date of analysis 

and do not represent all deaths that occurred in that period. Counts of deaths occurring before or after the reporting 

period are not included in the table. Data during this period are incomplete because of the lag in time between when 

the death occurred and when the death certificate is completed, submitted to NCHS and processed for reporting 

purposes. This delay can range from 1 week to 8 weeks or more, depending on the jurisdiction and cause of death. 

Deaths with confirmed or presumed COVID-19, coded to ICD–10 code U07.1 

https://www.statista.com/statistics/1191568/reported-deaths-from-covid-by-age-us/
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FIGURE 1.4 COVID-19 MONTHLY DEATH RATES PER 100,000 POPULATION BY SEX 

 

Source: CDC, 2024 

https://covid.cdc.gov/covid-data-tracker/#demographicsovertime
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FIGURE 1.5 DISTRIBUTION OF COVID-19 DEATHS IN THE US AS OF JUNE 14, 2023 BY RACE 

AND ETHNICITY 

 

Source: CDC, 2023 

* The percent of deaths reported in this table represent all deaths received and coded as of the date of analysis and 

do not represent all deaths that occurred in that period. Data are incomplete because of the lag in time between when 

the death occurred and when the death certificate is completed, submitted to NCHS and processed for reporting 

purposes. Provisional counts reported here track approximately 1–2 weeks behind other published data sources on 

the number of COVID-19 deaths in the U.S. COVID-19 deaths are defined as having confirmed or presumed 

COVID-19.  

** Includes persons having origins in any of the original peoples of North and South America  

*** Includes persons having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian 

subcontinent. 

 

Critically ill subjects who are older, obese, or require mechanical ventilation were also at 

risk for higher mortality. (Cedano, 2021) In a study of subjects admitted to the emergency 

department (ED), Wiley et al. found minorities to have a higher mortality risk than non-Hispanic 

Whites. (Wiley, 2022) However, Casillas et al. reported that Hispanic/Latino subjects had lower 

https://www.statista.com/statistics/1122369/covid-deaths-distribution-by-race-us/
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mortality rates than non-Hispanics. (Casillas, 2021) Several studies in the US found racial 

disparities, socioeconomic status, and health inequities associated with mortality. (Abedi, 2021; 

Isath, 2022; Jain, 2020; Williamson, 2020) COVID-19 has the potential to cause death in 

subjects who have comorbid conditions, such as COPD, chronic heart failure (CHF), diabetes 

mellitus (DM), and kidney failure. (Dessie, 2021; Rahmani, 2021) In China, COVID-19 subjects 

with hypertension and diabetes have an increased risk of ARDS and death. (Wu, 2020) However, 

in Italy, there is evidence that hypertension, as well as COPD and diabetes also were associated 

with mortality. (Grasselli, 2020)  

Studies have shown COVID-19 patients require extended periods of mechanical 

ventilation. (Angel, 2020) Numerous studies have highlighted the adverse outcomes associated 

with mechanical ventilation in the COVID-19 population, including increased mortality (Butler, 

2023; Silva, 2022) and elevated hospital readmission rates. (Butler, 2023) Subjects with more 

than two comorbid conditions are at an increased risk of mechanical ventilation and death. (van 

Gerwen, 2021)  The compliance of a patient's respiratory system during intubation is linked to 

ICU outcomes and tends to decrease after initiation of mechanical ventilation. (Li Bassi, 2021) 

The necessity for mechanical ventilation arises in cases of severe respiratory failure caused by 

COVID-19. (Moretti, 2021; Robba, 2020) Certain demographic factors, such as being male, 

(Mughal, 2020; Osawa, 2022; Regina, 2020) older, obesity, (Monteiro, 2020; Mughal, 2020; 

Osawa, 2022) or having chronic diseases like coronary artery disease or diabetes, (Mughal, 

2020) increase the likelihood of requiring mechanical ventilation. CDC data from the first wave 

of the pandemic in the US reported in Figures 1.6 and 1.7 present the percentage of people with 

COVID-19 who were admitted to the ICU with and without underlining conditions, by age group 
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and gender, respectively. Patients admitted to the ICU were older, more likely to be male, and 

present with comorbid conditions.  

 

FIGURE 1.6 COVID-19 SUBJECTS ADMITTED INTO THE ICU BY PRE-EXISTING CONDITIONS 

AND AGE GROUP 

 

Source: CDC, 2020 

* Based on 1,320,488 laboratory-confirmed COVID-19 cases individually reported to CDC during January 22–May 

30, 2020. Hospitalization status was known for 600,860 (46%). Among 184,673 hospitalized patients, the presence 

of underlying health conditions was known for 96,884 (53%). Includes reported ICU admissions. 

 

 

https://www.statista.com/statistics/1127595/covid-19-patients-share-admitted-to-icu-by-presence-of-underlying-conditions-us/
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FIGURE 1.7 COVID-19 SUBJECTS ADMITTED INTO THE ICU BY GENDER 

 

Source: CDC, 2020  

* Based on 1,320,488 laboratory-confirmed COVID-19 cases individually reported to CDC during January 22–May 

30, 2020. Hospitalization status was known for 600,860 (46%). Among 184,673 hospitalized patients, the presence 

of underlying health conditions was known for 96,884 (53%). Includes reported ICU admissions. 

 

In a retrospective study by Nada et al., which examined subjects succumbing to COVID-

19 infection, 85% of deaths were directly attributed to COVID-19, and 62% of those patients 

who died required mechanical ventilation. (Nada, 2021) Age, BMI, and low PF ratios are 

considered significant risk factors for mortality in critically ill, mechanically ventilated COVID-

19 patients. (Osawa, 2022) The odds of mortality are higher for COVID-19 patients who require 

mechanical ventilation, particularly if they are older, (Hirayama, 2021; King, 2020) male, and 

https://www.statista.com/statistics/1127633/covid-19-patients-share-admitted-to-icu-by-gender-us/
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have preexisting comorbid conditions. (Grasselli, 2020; Patel, 2020) Mortality rates for COVID-

19 patients requiring mechanical ventilation range from 50% to 80%. (Arentz, 2020; Bhatraju, 

2020; Tu, 2021) Studies consistently show that older age (Krause, 2021; King, 2020) and male 

gender increase the mortality risk for mechanically ventilated COVID-19 patients. (Hirayama, 

2021; van Gerwen, 2021) 

Differences in respiratory mechanics and gas exchange have been associated with early 

mortality in COVID-19 patients compared to those successfully extubated from mechanical 

ventilation. (Schenck, 2020) Liberation from mechanical ventilation is less likely in COVID-19 

patients with increasing age and low CRS. (Gamberini, 2020) Prolonged ICU hospitalization and 

decreased lung compliance may also contribute to ventilator-associated bacterial pneumonia in 

mechanically ventilated COVID-19 patients, ultimately leading to mortality. (Moretti, 2021) 

 

PHARMACOLOGICAL INTERVENTIONS FOR COVID-19 

Remdesivir, initially studied as a potential treatment during the 2014 Ebola outbreak, is a 

type of medicine that interferes with viral replication and is changed into an active form inside 

the body. (Eastman, 2020) Early remdesivir treatment in COVID-19 patients who were not 

hospitalized can prevent hospitalization and mortality. (Gottlieb, 2022) The literature shows that 

remdesivir treatments can decrease the length of stay of hospitalized COVID-19 subjects. 

(Beigel, 2020) Of COVID-19 patients who are not mechanically ventilated, multiple studies 

shows that remdesivir has the capability to reduce mortality rates (Amstutz, 2023; Lee, 2022; 

WHO, 2022) and prevent mechanical ventilation. (WHO, 2022)  Granted, the literature shows 

that remdesivir is not clinically beneficial once a COVID-19 subject has been placed on 

mechanical ventilation. (WHO, 2022) Wang et al. further state that remdesivir does show 
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promising results in clinical improvement of subjects with severe COVID-19 compared to a 

placebo, although not statistically significant. (Wang, 2020) 

Dexamethasone is an anti-inflammatory glucocorticoid frequently used to manage 

chronic inflammatory conditions and severe allergies. (Ghosh, 2009) There are conflicted results 

in the literature regarding dexamethasone and COVID-19. While some studies show that 

dexamethasone reduces mortality rates (Águas, 2021; Horby, 2021; Noreen, 2021) in 

hospitalized COVID-19 subjects whether they were mechanically ventilated or on supplemental 

oxygen. (Horby, 2021) Gragueb-Chatti et al. suggest that dexamethasone may have a positive 

impact on reducing ICU stay and days on the ventilator of mechanically ventilated COVID-19 

subjects. (Gragueb-Chatti, 2021) Other studies state that dexamethasone had no impact on 

survival of COVID-19 subjects in the ICU, nor diminish risk of being mechanically ventilated 

for those requiring supplemental oxygen. (Bouadma, 2022)  

 

LONG COVID 

The term Long COVID, also known as post-acute sequelae of COVID-19 (PASC), has 

been adopted to represent the population of people infected with COVID-19, experiencing long-

term effects. (Thaweethai, 2023) Long COVID has been associated with various clinical 

manifestations that may create lasting morbidity. (Chippa, 2023; Niyatiwatchanchai, 2022) 

Subjects recovering from COVID-19 present with a wide range of persistent symptoms up to 12 

weeks after hospitalization. (Leth, 2021; Singh, 2023)  

Age, (Cabrera Martimbianco, 2021; Notarte, 2022) sex, (Cabrera Martimbianco, 2021; 

Maglietta, 2022; Munblit, 2021; Notarte, 2022; Paradowska-Nowakowska, 2023) 

multimorbidity, (Cabrera Martimbianco, 2021; Notarte, 2022) disease severity and 
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hospitalization are reported to be potential risk factors of Long COVID. (Cabrera Martimbianco, 

2021; Maglietta, 2022) Maglietta et al., also reports mental health symptoms to be associated 

with higher risks of Long COVID. (Maglietta, 2022)  

After being discharged from the hospital, many survivors continue to experience muscle 

weakness, sleep difficulties, and anxiety or depression. (Almeida, 2022) Some severe COVID-19 

patients continue to have impaired respiratory function, functional capacity, quality of life (QoL) 

and fatigue 6 months after ICU discharge. (Sirayder, 2022) Han et al. report physical, cognitive 

and mental health symptoms persist at least a year after recovery in a large proportion of 

COVID-19 survivors. (Han, 2022)   

Literature shows that symptoms also continue to persist even after mild COVID-19 

infection in a substantial number of patients. (van Kessel, 2022) A proportion of non-

hospitalized COVID-19 patients present with impaired health-related quality of life, cognitive 

and psychological function, and pulmonary and physical function at long-term follow-up. (Del 

Corral, 2024)  The literature reports Long COVID to be associated with poor QoL, with 

particular persistent symptoms including fatigue, dyspnea, sleep disturbances and mental health 

issues. (Malik, 2022)  

Long COVID has been significantly associated with increased depression, anxiety, and 

post-traumatic stress disorder (PTSD). (Bonazza, 2022; Goodman, 2023) Studies show a high 

prevalence of clinically significant psychological distress exist of COVID-19 survivors and the 

need for long-term follow-up psychiatric assessment should be highlighted. (Imran, 2021) 

COVID-19 subjects have consistently reported mental health symptoms, such as, PTSD, anxiety 

and depression, up to 6 months after COVID-19 diagnosis. (Houben-Wilke, 2022) Mazza et al. 

reveals that psychological stressors, specifically, post-traumatic stress disorder (PTSD), 
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insomnia, and anxiety decreases over time. (Mazza, 2021) Other literature show that symptoms 

of anxiety, depression and poor sleep quality actually recover slowly over the 5 years following 

COVID-19 hospitalization for survivors. (Fernández-de-las-Peñas, 2022)  

A study of more than 300 hospitalized subjects in the United Kingdom (UK) reports 

breathlessness, lower scores in QoL measures, and worsened mobility months after hospital 

discharge. (Sigfrid, 2021) Multiple other studies suggest that previously hospitalized COVID-19 

subjects may present with reduced pulmonary function and continued breathlessness. (Mumoli, 

2021; Nalbandian, 2021)  A systematic review reports a potential risk for residual lung injury 

and long-term respiratory sequela in survivors of COVID-19, including decreased respiratory 

muscle strength and pulmonary function. (Akbarialiabad, 2021) Several studies examining 

pulmonary function of ICU hospitalized COVID-19 subjects found a decrease in pulmonary 

function months after discharge, (Bellan, 202; Blanco, 2021; Compagnone, 2022; Huang, 2020) 

and pulmonary symptoms are a target for long-term recovery interventions. (George, 2020)  

 

DYSPNEA, PULMONARY FUNCTION AND LONG COVID 

A systematic review including more than 5,000 participants with Long COVID, suggests 

that dyspnea was one of the most reported clinical conditions associated with Long COVID. 

(Cabrera Martimbianco, 2021) Dyspnea is a prominent symptom and cause of disability in 

subjects with pulmonary disease, including Long COVID-19. (Demir, 2003; Singh, 2023) 

Although most hospitalized COVID-19 patients recover, a substantial proportion continue to 

experience fatigue and dyspnea, (Froidure, 2021) which plays an intricate role and is related to 

decreased QoL measures in other disease conditions, such as COPD and idiopathic pulmonary 

fibrosis (IPF). (Jacobsen, 2012; Martinez, 2000; Okutan, 2013) Some COVID-19 patients 
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continue to experience these dyspneic symptoms up to 6 months after hospital discharge, 

suggesting persistent lung abnormalities and diffusion capacity alterations. (Fortini, 2021)  

Although some evidence suggests that dyspnea following COVID-19 is not related 

cardiopulmonary impairment and pulmonary function parameters remain normal. (Beaudry, 

2022) Impaired pulmonary function persisting a year after hospital discharge was reported in a 

single-center ICU study in Belgium, a Chinese study of severe but non-mechanically ventilated 

COVID-19 subjects, as well as in a meta-analysis. (Torres-Castro, 2021; Truffaut, 2021; Wu, 

2021)  

Valid measures of dyspnea and physical function exist, with two of the most common 

being The University of California – San Diego Shortness of Breath Questionnaire (UCSD) and 

the 6-minute walking distance (6MWD), respectively. (Blanco, 2010; Kupferberg, 2005) Studies 

show that 6MWD largely depends on the degree of restrictive disease in other pulmonary-

diseased populations. (Porteous, 2016) Current evidence-based interventions for dyspnea include 

cognitive-behavioral strategies, such as yoga and slow-breathing exercises, may help relieve 

dyspnea and related distress in COPD patients. (Norweg, 2013) 

 

PHYSICAL FUNCTION AND LONG COVID 

Long COVID patients face challenges in managing physical activity and coping with 

their continuing symptoms, highlighting the need for tailored advice and support to resume 

activities important to their well-being. (Humphreys, 2020) Although, pulmonary function and 

symptoms have been shown to improve over time, impairments in physical function continue to 

persist for months in some cases. (Erber, 2021)  Huang et al. examined physical function of 57 
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COVID-19 subjects with non-severe and severe COVID-19 and reported decreases in 6MWD. 

(Huang, 2020)  

Gautam et al. performed a multicenter UK study of COVID-19 survivors with comorbid 

conditions and abnormal pulmonary function, and these subjects were more likely to experience 

breathlessness and a reduced QoL for months. (Gautam, 2022 ) Critically ill survivors in an 

Italian study continued to experience persistent symptoms of decreased physical function. 

(Latronico, 2022) A more recent descriptive study of death certificate data in the US, indicated 

Long COVID-19 as an underlying or contributing cause of death. (Ahmad, 2022) 

 

ANXIETY AND DEPRESSION 

Uzunova et al. reveals that long-term follow up for at least one month after COVID-19 

should be required to assess for anxiety. (Uzunova, 2021) Survivors of COVID-19 have shown 

persistent depression symptoms three months after being discharged from the hospital. (Mazza, 

2022)  Depression has been significantly associated with complications of COVID-19 infection. 

(Bucciarelli, 2022)  Long COVID subjects with depression and those of female sex are 

particularity more likely to experience fatigue and dyspnea. (Paradowska-Nowakowska, 2023)  

Literature shows that depression is associated with delaying recovery following COVID-19 

infection, impacting physical recovery. (Liyanage-Don, 2021) 

 

POST-TRAUMATIC STRESS DISORDER 

Being admitted to the ICU is shown to be a potential predictor of PTSD within the 

COVID-19 population. (Horn, 2020) Literature shows that PTSD is associated with delaying 

recovery following COVID-19 infection, impacting physical recovery. (Liyanage-Don, 2021) 
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Being female and of lower socioeconomic status are shown to be potential predictors of PTSD 

during the COVID-19 pandemic. (Di Crosta, 2020) COVID-19 survivors with PTSD are more 

likely to experience persistent respiratory symptoms, insomnia, anxiety and decreased quality of 

life up to 6-months after being discharged. (Huang, 2021) A study in China reports that rates of 

PTSD in COVID-19 patients increase with age and poor health, although subjects older than 60 

were less likely to be impacted. (Shen, 2021)  

 

PULMONARY REHABILITATION 

Exercise training is a potential intervention to improve exercise capacity in COVID-19 

survivors, (Dun, 2021; Jimeno-Almazán, 2023) and may help combat the respiratory and 

functional sequelae of the disease. Pulmonary rehabilitation is a well-established intervention 

that includes respiratory muscle training, self-management education, exercise training, and 

breathing techniques (Dun, 2021; Holland, 2021) that improve lung function, exercise capacity, 

and QoL in other pulmonary-diseased populations, such as COPD, (McCarthy, 2015; Reis, 2013) 

and sarcoidosis. (Wallaert, 2020)  

Some literature supports the use of pulmonary rehabilitation (PR) in Long COVID 

subjects. (Akbarialiabad, 2021) However, limited studies have examined the effect of PR on 

pulmonary capacity in the Long COVID-19 population.  

Evidence suggests that PR should be considered in reducing prolonged disability in 

survivors of COVID-19. (Besnier, 2022; Wang, 2020) There are reports that PR has potential 

benefits beyond just reducing respiratory symptoms. (Gloeckl, 2021) Improvement in respiratory 

function, exercise endurance, self-care in daily activities and psychological support have been 

shown in COVID-19 patients who participate in PR. (Li, 2020) Other reports show PR does 
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improve respiratory function, reducing fatigue and dyspnea, but does not improve depression or 

anxiety. (Kołodziej, 2021)  

Multidisciplinary rehabilitation programs, including physical training (aerobic, resistance, 

and breathing exercises), education, and group psychotherapy have also shown to improve body 

composition, dyspnea, fatigue and physical capacity in the Long COVID population. 

(Ostrowska, 2023) Studies show that although completing just two weeks of PR, showed 

improvement in daily activity participation and QoL, longer PR programs may be more 

beneficial. (Postolache, 2023) A single-center study in Austria completing six weeks of PR 

improved Long COVID subject’s dyspnea, fatigue, exercise capacity, functional status, and QoL. 

(Nopp, 2022)  

Reports show that PR is safe, feasible, and effective for COVID-19 survivors, (Hermann, 

2020; Santus, 2013; Zampogna, 2021) as well as potentially accelerating their recovery in 

6MWD and pulmonary function values. (Zhu, 2021) PR is beneficial in the short and long term 

(Ochmann, 2012) for subjects with pulmonary disease (Holland, 2013; van Ranst, 2011) 

regardless of their sociodemographic condition. (Trappenburg, 2005) Although PR improves 

independence in subjects by decreasing dyspnea, reducing hospital utilization, (Nici, 2011; 

Raskin, 2006) and enhancing their overall QoL, (Postolache, 2013; Santus, 2013) PR is still 

relatively underutilized compared to other rehabilitation interventions. (Holland, 2013; Sundh, 

2017) 

 

SUMMARY 

Gaps in comprehensive understanding of the complete nature of COVID-19 and Long 

COVID persist, hindering effective clinical practices and public health decision-making within 
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these populations. The National Institutes of Health (NIH) states that more work is needed to 

understand and diminish disparities in advanced pulmonary care. (NIH, 2023) 

 The overall objective of this study proposal is to (1) determine whether respiratory 

mechanics, oxygenation impairment, social demographics, and multimorbidity of mechanically 

ventilated COVID-19 subjects are associated with survival; (2) determine the factors associated 

with physical function after completing six weeks of pulmonary rehabilitation (PR) of COVID-

19 subjects with persisting pulmonary symptoms; and (3) investigate the impact of 

socioeconomic disparities on participation in pulmonary rehabilitation and morbidity of the Long 

COVID population. 
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CHAPTER 2 

The Effect of Oxygenation Impairment and Compliance on Survival of Subjects with 

COVID-19 Requiring Mechanical Ventilation1 

 

Specific Aim 1 

 

To determine whether respiratory mechanics, oxygenation impairment, social demographics, and 

comorbid conditions are associated with survival of mechanically ventilated subjects with 

COVID-19 infection. 

Hypothesis 1a. Mechanically ventilated COVID-19 subjects with lower respiratory 

compliance and/or higher airway resistance will have lower odds of survival than mechanically 

ventilated COVID-19 subjects with higher respiratory compliance and/or lower airway 

resistance. 

Hypothesis 1b. Mechanically ventilated COVID-19 subjects with severe oxygenation 

impairment will have lower odds of survival than mechanically ventilated COVID-19 subjects 

without any oxygenation impairment. 

Hypothesis 1c. Mechanically ventilated COVID-19 subjects who are younger, female 

sex, non-Hispanic White, use dexamethasone and/or remdesivir, or without multimorbidity will 

have higher odds of survival than mechanically ventilated COVID-19 subjects who are older, 

male sex, Hispanic or non-Hispanic Black, without use of dexamethasone and/or remdesivir, or 

with multimorbidity.

 
1 Micheals, K., Lee, M. J., Al Snih, S., Walsh, B. K., & Rojas, J. D. (2023). The Effect of Oxygenation Impairment and Compliance on Mortality 
Among Subjects With COVID-19 Requiring Mechanical Ventilation. Respir Care, 68(11), 1565-
1568. https://doi.org/10.4187/respcare.10776 

https://doi.org/10.4187/respcare.10776
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METHODS 

Data Source 

This scientific research used data from the electronic health record (EHR) from our 

academic care facility from the University of Texas Medical Branch (UTMB) in Galveston, 

Texas. In pulmonary diseased population, such as asthma, data derived from the EHR can be 

leveraged to improve clinical practice by facilitating studies and interventions. (Edwards, 2008; 

Greenblatt, 2019; Landeo-Gutierrez, 2023) Studies show that EHR data can be used as an 

element to develop best medical practice because of its capabilities (Ghazisaeedi, 2014) Epic 

Systems Corporation (EPIC) includes computerized provider order entry, electronic prescribing, 

integrated documentation, test result tracking, and active medication and problem lists, 

classifying it as a complete system by the Office of the National Coordinator. (Makam, 2014) In 

the US, EPIC continuously ranks as the largest EHR, accounting for more than a third of the 

market. (Definitive Healthcare, 2022)  

 

Measures 

Outcome Variable 

SURVIVAL 

Survival was dichotomized into (1) survived, if the subject was discharged alive or (2) deceased, 

if the subject died during hospitalization. 
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Independent Variables 

OXYGENATION IMPAIRMENT 

Oxygenation impairment was assessed and categorized by PaO2/FiO2 (PF ratio). 

Categories were: (1) Subjects with PF ratios of more than 300 were considered not impaired, (2) 

subjects with PF ratios between 200-300 were considered mildly impaired (3) PF ratios between 

100-200 were considered moderately impaired, and (4) PF ratios less than 100 were considered 

severely impaired. 

 

PULMONARY STATIC COMPLIANCE  

Static compliance (CSTAT) was calculated as {tidal volume (VT) / [plateau pressure 

(PPLAT) – positive end-expiratory pressure (PEEP)]} (Desai, 2022; Hess, 2014) CSTAT is the 

compliance at a given fixed volume when there is no airflow, and muscles are relaxed. (Desai, 

2022) It is determined by the compliance in the lungs and chest wall with normal ranges for 

patients receiving mechanical ventilation being 50-100 mL/cmH2O. (Hess, 2014) We will 

compute CSTAT using the initial measured VT, airway PPLAT and PEEP values, within 48 h of 

mechanical ventilation commencement for the first 5 days after being intubated. CSTAT has long 

been accepted as a prognostic factor in subjects with respiratory failure and provides insight on 

pulmonary diseases. (Mancebo, 1988; Desai, 2022) Evidence notes that dynamic compliance 

(CDYN) and CSTAT reflect different clinical implications, although they show linear correlation. 

(Durack, 2021; Lucangelo, 2005; Marini, 2021; Popow, 1988) 
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PULMONARY DYNAMIC COMPLIANCE 

Dynamic compliance (CDYN) was calculated as [tidal volume (VT) / (peak inspiratory 

pressure – PEEP)]. (Aşar, 2021; Lucangelo, 2005; Zingg, 2022) CDYN is a continuous 

measurement of lung compliance calculated at each time point representing changes made during 

rhythmic breathing. (Desai, 2022) CDYN can give insight on alveolar collapse. (Hanson, 2009; 

Suarez-Sipmann, 2007) 

 

AIRWAY RESISTANCE  

Airway resistance (RAW) was calculated as the difference between CSTAT and CDYN 

which is attributed to airway resistance (RAW). (Kock, 2018) In mechanically ventilated subjects, 

RAW should be less than 10 cmH2O/L/sec to be acceptable. (Hess, 2014) RAW is the resistance to 

flow imposed by the airways and resistance to tissue deformation due to the viscoelastic forces 

within the lungs, mediastinum and chest wall. (Henderson, 2012) Measurement of the resistance 

of the respiratory system can clarify the cause and severity of disease. (Henderson, 2012) 

 

Covariates 

SOCIO-DEMOGRAPHICS 

Socio-demographics included age (total age in years), sex assigned at birth (male or 

female), race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic/Latino, or Other). 

 

COMORBID CONDITIONS 

Comorbid conditions included were asthma, history of stroke, diabetes, hypertension, 

liver disease, coronary artery disease (CAD), congestive heart failure, COPD, obesity, end-stage 
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renal disease (ESRD), chronic kidney disease (CKD), and history of cancer based on prior 

literature.  

Comorbid conditions were further examined as multimorbidity and dichotomized into 

(1) having less than two comorbid conditions or (2) multimorbidity, when a subject had two or 

more comorbid conditions. 

 

MEDICATION USAGE 

Medication use was categorized into (1) none (2) use of dexamethasone, (3) use of 

remdesivir, or (4) use of both, dexamethasone and remdesivir.  

 

Statistical Analysis  

Statistical Methods: Descriptive statistics of the sample were performed. Generalized 

estimating equation (GEE) regression models with a binomial distribution was performed to 

estimate the odds ratio (OR) and 95 % Confidence Interval (CI) of factors associated with 

survival. GEE accounts for the effects of the repeated measures on our analysis. The GEE is an 

extension of traditional linear models and uses generalized linear models to model longitudinal 

data by estimating population average regression coefficients as a function of covariates. 

(Friedel, 2019) This approach explains correlation in clustered data since each patient can have 

multiple observations and missing values. The model estimation excludes missing value 

observations. Models will fit for survival with yes or no as the outcome. 
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RESULTS 

 

We hypothesized that mechanically ventilated COVID-19 subjects with lower respiratory 

compliance and/or higher airway resistance would have lower odds of survival than 

mechanically ventilated COVID-19 subjects with higher respiratory compliance and/or lower 

airway resistance. We also hypothesized that mechanically ventilated COVID-19 subjects with 

severe oxygenation impairment would have lower odds of survival than mechanically ventilated 

COVID-19 subjects without any oxygenation impairment. Lastly, we hypothesized that 

mechanically ventilated COVID-19 subjects who are younger, female sex, non-Hispanic White, 

with dexamethasone and/or remdesivir use, or without multimorbidity would have higher odds of 

survival than mechanically ventilated COVID-19 subjects who are older, male sex, Hispanic or 

non-Hispanic Black, without dexamethasone and/or remdesivir use, or with multimorbidity. 

 

ANALYSES FOR OVERALL SAMPLE 

Four hundred fifteen subjects met our criterion and were included in the study. 

Descriptive characteristics of the overall sample are provided in (Tables 2.1 and 2.2A and 2.2B). 

There were 250 (60%) males and 165 (40%) females. The overall average age was 59 ± 14 years 

old. Most of the population 252 (60.7%) did not survive, while 163 (39%) did survive. The 

majority of the subjects were Hispanic/Latino 175 (42%), followed by Non-Hispanic White 163 

(39%), Non-Hispanic Black 56 (13%), and Other races/ethnicities 21 (5%). Most of the subjects 

238 (57%) subjects had less than two comorbid conditions, whereas 177 (43%) had 

multimorbidity. More than a third 148 (36%) of the subjects did not take dexamethasone and/or 

remdesivir, while 128 (31%) took dexamethasone, 30 (7%) took remdesivir and 109 (27%) took 
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both, dexamethasone and remdesivir. The average CDYN was 26 ± 13 ml/cmH20 and the average 

CSTAT was 37 ± 48 ml/cmH2O. On average, PF ratios were 117 ± 74 mmHg and RAW was 13 ± 

42 cmH2O/L/sec. More than half of the subjects had severe oxygenation impairment 149 (51%), 

while 115 (40%) had moderate oxygenation impairment, 17 (6%) had mild oxygenation 

impairment and 8 (3%) did not have oxygenation impairment.  
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TABLE 2.1A DESCRIPTIVE BASELINE CHARACTERISTICS FOR CONTINUOUS VARIABLES OF 

MECHANICALLY VENTILATED COVID-19 SUBJECTS (N=415).1 

Variable n   (% miss) mean ± SD median (IQR) 

Age in years 415 0.0% 59 ± 14 60 (50-69) 

Dynamic compliance 

ml/cmH2O 

415 0.8% 26 ± 13 24 (19-31) 

Static compliance 

ml/cmH2O 

415 17.0% 37 ± 48 27 (20-36) 

PaO2/FiO2 mmHg 415 30.2% 117 ± 74 98 (72-136) 

Airway resistance 

ml/cmH2O 

415 17% 13 ± 42 4 (2-8) 

  

 
1 Micheals, K., Lee, M. J., Al Snih, S., Walsh, B. K., & Rojas, J. D. (2023). The Effect of Oxygenation Impairment and Compliance on Mortality 
Among Subjects With COVID-19 Requiring Mechanical Ventilation. Respir Care, 68(11), 1565-
1568. https://doi.org/10.4187/respcare.10776 
 

https://doi.org/10.4187/respcare.10776
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TABLE 2.2A DESCRIPTIVE BASELINE CHARACTERISTICS FOR CATEGORICAL VARIABLES OF 

MECHANICALLY VENTILATED COVID-19 SUBJECTS (N=415).1 

Variable  (% missing) n (%) 

Sex 0 (0.0)  

  Female  165 (39.8) 

  Male 
 

250 (60.2) 

Survival 0 (0.0)  

  No  252 (60.7) 

  Yes 
 

163 (39.3) 

Race and ethnicity 0 (0.0)  

  Non-Hispanic White  163 (39.3) 

  Hispanic or Latino  175 (42.2) 

  Non-Hispanic Black  56 (13.5) 

  Other  21 (5.1) 

Medication 0 (0.0)  

  None  147 (35.7) 

  Dexamethasone  128 (30.7) 

  Remdesivir  29 (7.1) 

  Both  109 (26.5) 

Oxygenation Impairment 30.2%  

  None  8 (3.0) 

  Mild 
 

17 (5.9) 

  Moderate 
 

115 (39.8) 

  Severe 
 

149 (51.3) 

  

 
1 Micheals, K., Lee, M. J., Al Snih, S., Walsh, B. K., & Rojas, J. D. (2023). The Effect of Oxygenation Impairment and Compliance on Mortality 
Among Subjects With COVID-19 Requiring Mechanical Ventilation. Respir Care, 68(11), 1565-
1568. https://doi.org/10.4187/respcare.10776 
 

https://doi.org/10.4187/respcare.10776
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TABLE 2.2B DESCRIPTIVE BASELINE CHARACTERISTICS FOR COMORBID CONDITIONS OF 

MECHANICALLY VENTILATED COVID-19 SUBJECTS (N=415). 

Variable Missing (%) n (%) 

Asthma 0 (0.0)  

  No 
 

404 (97.3) 

  Yes  11 (2.7) 

Stroke 0 (0.0)  

  No  390 (94.0) 

  Yes 
 

25 (6.0) 

Liver Disease 0 (0.0)  

  No  400 (96.4) 

  Yes  15 (3.6) 

Diabetes 0 (0.0)  

  No  314 (75.7) 

  Yes  101 (24.3) 

Hypertension 0 (0.0)  

  No  284 (68.4) 

  Yes  131 (31.6) 

Coronary Artery Disease 0 (0.0)  

  No  378 (91.1) 

  Yes 
 

37 (8.9) 

Congestive Heart Failure 0 (0.0)  

  No  386 (93.0) 

  Yes 
 

29 (7.0) 

Chronic Obstructive Pulmonary Disease 0 (0.0)  

  No  406 (97.8) 

  Yes 
 

9 (2.2) 

Obesity 0 (0.0)  

  No  167 (40.2) 

  Yes 
 

248 (59.8) 

End-Stage Renal Disease 0 (0.0)  

  No  398 (95.9) 

  Yes 
 

17 (4.1) 

Chronic Kidney Disease 0 (0.0)  

  No  374 (90.1) 

  Yes 
 

41 (9.9) 

Cancer 0 (0.0)  

  No  384 (92.5) 

  Yes 
 

31 (7.5) 

Multimorbidity  0 (0.0)  

  Less than comorbid conditions  238 (57.3) 

  Multimorbid  177 (42.7) 



 

 

 

34 

ANALYSES FOR SURVIVAL 

Tables 2.3A illustrates the descriptive baseline characteristics of the mechanically 

ventilated COVID-19 sample by survival. The majority 61% (252) of the subjects did not survive, 

and 163 (39%) survived during their hospital stay. Subjects who survived were significantly 

younger (56 ± 15 years) than those who did not survive (62 ± 13 years). Regarding sex, 37.2% of 

males survived (93/250), compared to 42.4% of the females (70/165), showing a statistically 

significant difference (p = 0.02). 

In terms of race and ethnicity 41.1% (67) non-Hispanic White subjects, 30.8% (54) 

Hispanic or Latino subjects, 57.1% (32) non-Hispanic Black subjects, and 47.6% (10) subjects 

from other races survived, with significant differences of the groups (p < 0.001). Dexamethasone 

and/or remdesivir use was also associated with survival, as 38.8% (57/147) subjects not on 

dexamethasone or remdesivir, 32.0% (41/128) of the subjects on dexamethasone, 37.9% (11/29) 

subjects on remdesivir, and 48.6% (53/109) of the  subjects on both dexamethasone and remdesivir 

survived, with significant differences noted (p < 0.001). 

Additionally, the mean CDYN was 28 ± 14 ml/cmH2O for survivors and 26 ± 12 ml/cmH2O 

for non-survivors, with a significant difference (p < 0.001). However, there was no significant 

difference in CSTAT between survivors (37 ± 36 ml/cmH2O) and non-survivors (37 ± 54 

ml/cmH2O; p = 0.78). The PF ratio was significantly higher of survivors (143 ± 95 mm Hg) 

compared to non-survivors (103 ± 53 mm Hg; p < 0.001). There was no significant difference in 

RAW between survivors (12 ± 29 cm/H2O/L/sec) and non-survivors (14 ± 49 cm/H2O/L/sec; p = 

0.13). 
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Regarding multimorbidity, 33.6% (80/238) of the subjects with less than two 

comorbidities survived, while 46.9%  (83/177) of the  subjects with two or more comorbidities 

survived, showing a significant difference (p < 0.001). 

Tables 2.3B presents the descriptive baseline comorbid conditions of the mechanically 

ventilated COVID-19 sample by survival. Patients with asthma had significantly lower survival 

rates compared to those without asthma (p < 0.001), as did stroke patients (p < 0.001). Liver 

disease did not significantly impact survival (p = 0.90). Diabetes was associated with lower 

survival rates (p = 0.02), as was hypertension (p < 0.001). While CAD did not significantly 

affect survival (p = 0.71), CHF was linked to significantly lower survival rates (p < 0.001). 

COPD showed a strong association with lower survival rates (p < 0.001). Obesity did not 

significantly impact survival (p = 0.47). ESRD was associated with significantly lower survival 

rates (p = 0.01), while CKD did not significantly affect survival (p = 0.15). There was a trend 

towards lower survival among patients with Cancer, although this did not reach statistical 

significance (p = 0.06).  

These results highlight the importance of managing comorbidities such as Asthma, 

Stroke, Diabetes, Hypertension, CHF, COPD, ESRD, and potentially Cancer to improve survival 

outcomes in this population.  
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TABLE 2.3A DESCRIPTIVE BASELINE CHARACTERISTICS BY SURVIVAL OF MECHANICALLY 

VENTILATED COVID-19 SUBJECTS (N=415).1 

 

 

 
1 Micheals, K., Lee, M. J., Al Snih, S., Walsh, B. K., & Rojas, J. D. (2023). The Effect of Oxygenation Impairment and Compliance on Mortality 
Among Subjects With COVID-19 Requiring Mechanical Ventilation. Respir Care, 68(11), 1565-
1568. https://doi.org/10.4187/respcare.10776 
 

Characteristics 
 

Survival n (%) p-value 

Yes No 

Total 415 163 (39.3) 252 (60.7)  

Age in years (mean ± 

SD) 

415 56 ± 15 

 

62 ± 13 

 

<0.001 

Sex    0.02 

   Male 250 93 (37.2) 157 (62.8)  

   Female 165 70 (42.4) 95 (57.5)  

Race and Ethnicity    <0.001 

   Non-Hispanic White 163 67 (41.1) 96 (58.9)    

   Hispanic or Latino 175 54 (30.8) 121 (69.1)  

   Non-Hispanic Black 56 32 (57.1) 24 (42.9)  

   Other 21 10 (47.6) 11 (52.4)  

Medication    <0.001 

   None 147 57 (38.8) 90 (61.2)  

   Dexamethasone 128 41 (32.0) 87 (68.0)  

   Remdesivir 29 11 (37.9) 18 (62.1)  

   Both 109 53 (48.6) 56 (51.4)  

CDYN (mean ± SD) 

ml/cmH2O 

 

 

403 28 ± 14 

 

26 ± 12 

 

<0.001 

CSTAT
 (mean ± SD)  

ml/cmH2O 

410 37 ± 36 

 

 

37 ± 54 

 

0.78 

PF ratio (mean ± SD) 292 143 ± 95 

 

103 ± 53 

 

<0.001 

RAW
  (mean ± SD) mm 

Hg 

347 12 ± 29 

 

14 ± 49 

 

0.13 

Multimorbidity    <0.001 

   < 2 comorbidities 238 80 (33.6) 158 (66.4)  

   2 or more 

comorbidities 

177 83 (46.9) 94 (53.1)  

SD – standard deviation; CDYN – Dynamic compliance;  CSTAT – Static compliance;  PF ratio – PaO2/FiO2;  RAW – 

Airway resistance 

https://doi.org/10.4187/respcare.10776
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TABLE 2.3B DESCRIPTIVE BASELINE COMORBID CONDITIONS BY SURVIVAL OF 

MECHANICALLY VENTILATED COVID-19 SUBJECTS (N=415). 

 

Characteristics Survival p-value 

Yes No 

Total 163 (39.3) 252 (60.7)  

Asthma  

156 

 <0.001 

  No 156 (44.4) 195 (55.6)  

  Yes 44 (43.6) 57 (56.4)  

Stroke   <0.001 
  No 149 (38.2) 241 (61.8)  

  Yes 14 (56.0) 11 (44.0)  
Liver Disease   0.90 

  No 157 (39.3) 243 (60.7)  

  Yes 6 (40.0) 9 (60.0)  
Diabetes   0.02 

  No 119 (37.9) 195 (62.1)  

  Yes 44 (43.6) 57 (56.4)  

Hypertension   <0.001 

  No 101 (35.5) 183 (64.5)  
  Yes 62 (47.3) 69 (52.7)  
CAD   0.71 

  No 148 (39.1) 230 (60.9)  

  Yes 15 (40.5) 22 (59.5)  

CHF   <0.001 

  No 146 (47.8) 240 (52.2)  

  Yes 17 (58.6) 12 (41.4)  

COPD   <0.001 

  No 156 (38.4) 250 (61.6)  

  Yes 7 (77.8) 2 (22.2)  
Obesity   0.47 
  No 54 (34.4) 103 (65.6)  
  Yes 99 (39.9) 149 (60.1)  
ESRD   0.01 
  No 154 (38.7) 244 (61.3)  
  Yes 9 (52.9) 8 (47.1)  
CKD   0.15 
  No 145 (38.8) 229 (61.2)  
  Yes 18 (43.9) 23 (56.1)  
Cancer   0.06 
  No 153 (39.9) 231 (60.1)  
  Yes 10 (32.3) 21 (67.7)  
CAD – coronary artery disease; CHF – congestive heart failure; COPD – chronic obstructive pulmonary disease; ESRD – 

end-stage renal disease; CKD – chronic kidney disease 
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MULTIVARIATE ANALYSES FOR SURVIVAL 

Table 2.4A presents the results from the multivariate analysis of the mechanically 

ventilated COVID-19 sample for survival. The multivariate analysis revealed several significant 

factors associated with survival of the mechanically ventilated COVID-19 population. Older age 

was associated with lower odds of survival, with each year increase in age corresponding to a 5% 

decrease in the odds of survival (OR 0.95, 95% CI 0.94-0.96, p < 0.001). Males had a 30% lower 

odds of survival compared to females (OR 0.70, 95% CI 0.52-0.93, p = 0.01). 

Regarding race and ethnicity, Hispanic subjects had a 43% lower odds of survival (OR 

0.57, 95% CI 0.42-0.8, p < 0.001) compared to Non-Hispanic Whites. Surprisingly, Non-

Hispanic Black subjects had nearly twice the odds of survival (OR 1.91, 95% CI 1.25-2.90, p = 

0.002) compared to Non-Hispanic Whites. 

Dexamethasone and/or remdesivir use was not significantly associated with survival, 

except for subjects who received both dexamethasone and remdesivir, who had 61% higher odds 

of survival (OR 1.61, 95% CI 1.15-2.26, p = 0.005) compared to those who received no 

medication. 

Shockingly, multimorbidity was associated with 46% higher odds of survival (OR 1.46, 

95% CI 1.11-1.93, p = 0.006) compared to subjects without multimorbidity. Oxygenation 

impairment showed a significant association with survival, with subjects having mild, moderate, 

and severe impairment showing lower odds of survival compared to those with no impairment (p 

< 0.05 for all categories). 

Dynamic compliance was positively associated with survival, with a 3% increase in the 

odds of survival for each unit increase in dynamic compliance (OR 1.03, 95% CI 1.01-1.05, p < 
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0.001). However, static compliance and airway resistance were not significantly associated with 

survival. 

Table 2.4B present the results from the multivariate analysis examining variables of 

interest with comorbid conditions individually on survival of mechanically ventilated COVID-19 

subjects. The multivariate analysis revealed several significant factors associated with survival of 

the studied population. Older age was associated with lower odds of survival, with each year 

increase in age corresponding to a 6% decrease in the odds of survival (OR 0.94, 95% CI 0.93-

0.95, p < 0.001).  

Surprisingly, sex was not significantly associated with survival. (OR 0.79, 95% CI 0.58-

1.06, p = 0.11). Regarding race and ethnicity, Hispanic subjects had a 44% lower odds of 

survival (OR 0.56, 95% CI 0.41-0.78, p < 0.001) compared to Non-Hispanic Whites. In contrast, 

Non-Hispanic Black subjects had nearly twice the odds of survival (OR 1.81, 95% CI 1.15-2.85, 

p = 0.01). 

Of the medication categories, only the group receiving both dexamethasone and 

remdesivir had a significantly higher odds of survival (OR 1.66, 95% CI 1.17-2.37, p = 0.005) 

compared to those receiving no medication. 

Oxygenation impairment showed a significant association with survival, with subjects 

having mild, moderate, and severe impairment showing lower odds of survival compared to 

those with no impairment (p < 0.05 for all categories). Dynamic compliance was positively 

associated with survival, with a 3% increase in the odds of survival for each unit increase in 

dynamic compliance (OR 1.03, 95% CI 1.01-1.05, p < 0.001). 

Of the comorbidities, having hypertension (OR 1.55, 95% CI 1.11-2.18, p = 0.01), CHF 

(OR 2.58, 95% CI 1.43-4.66, p = 0.001) and COPD (OR 8.87, 95% CI 3.06-25.8, p < 0.001) 



 

 

 

40 

were significantly associated with survival. Those with cancer (OR 0.55, 95% CI 0.31-0.98, p = 

0.04) were significantly associated with lower survival, while asthma, diabetes, stroke, ESRD, 

obesity showed no significant association with survival. 

Figures 2.1, 2.2, 2.3, 2.4, 2.5 and 2.6 illustrate age, sex, race/ethnicity, dexamethasone 

and/or remdesivir use, oxygenation impairment, and CDYN by survival of mechanically ventilated 

COVID-19 subjects, respectively.  

 

TABLE 2.4A FACTORS ASSOCIATED WITH SURVIVAL OF MECHANICALLY VENTILATED 

COVID-19 SUBJECTS (N=415).1 

Characteristics Odds Ratio (95% CI) p-value 

Age 0.95 (0.94 – 0.96) <0.001 

Sex (reference: Female) 0.70 (0.52 – 0.93) 0.01 

Race/Ethnicity (reference: Non-Hispanic White) 
  

  Hispanic 0.57 (0.42 – 0.80) <0.001 

  Non-Hispanic Black 1.91 (1.25 – 2.90) 0.002 

  Other 1.02 (0.54 – 1.91) 0.96 

Medication Use (reference: None)   

Dexamethasone 0.87 (0.62 – 1.23) 0.43 

Remdesivir 0.84 (0.49 – 1.45) 0.53 

Both 1.61 (1.15 – 2.26) 0.005 

Multimorbidity (reference: <2 comorbid conditions) 1.46 (1.11 – 1.93) 0.006 

Oxygenation Impairment (reference: None)   

  Mild 0.34 (0.13 – 0.89) 0.03 

  Moderate 0.25 (0.11 – 0.57) <0.001 

  Severe 0.09 (0.04 – 0.21) <0.001 

Dynamic Compliance 1.03 (1.01 – 1.05) <0.001 

Static Compliance 1.00 (0.98 – 1.02) 0.86 

Airway Resistance  1.00 (0.98 – 1.02) 0.91 

 
1 Micheals, K., Lee, M. J., Al Snih, S., Walsh, B. K., & Rojas, J. D. (2023). The Effect of Oxygenation Impairment and Compliance on Mortality 
Among Subjects With COVID-19 Requiring Mechanical Ventilation. Respir Care, 68(11), 1565-
1568. https://doi.org/10.4187/respcare.10776 

 

https://doi.org/10.4187/respcare.10776
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TABLE 2.4B FACTORS ASSOCIATED WITH SURVIVAL OF MECHANICALLY VENTILATED 

COVID-19 SUBJECTS BY INDIVIDUAL COMORBID CONDITIONS (N=415). 

Characteristics Odds Ratio (95% CI) p-value 

Age 0.94 (0.93 – 0.95) < 0.001 

Sex (reference: Female) 0.79 (0.58 – 1.06) 0.11 

Race/Ethnicity (reference: Non-Hispanic 

White) 

  

  Hispanic 0.56 (0.41 – 0.78) < 0.001 

  Non-Hispanic Black 1.81 (1.15 – 2.85) 0.01 

  Other 1.02 (0.55 – 2.04) 0.86 

Medication Use (reference: None)   

Dexamethasone 0.86 (0.60 – 1.22) 0.39 

Remdesivir 0.75 (0.42 – 1.33) 0.33 

Both 1.66 (1.17 – 2.37) 0.005 

Oxygenation Impairment (reference: 

None) 

  

  Mild 0.37 (0.14 – 0.97) 0.04 

  Moderate 0.28 (0.12 – 0.64) 0.003 

  Severe 0.10 (0.04 - 0.23) < 0.001 

Dynamic Compliance 1.03 (1.01 – 1.05) < 0.001 

Static Compliance 0.99 (0.98 – 1.01) 0.63 

Airway Resistance  1.00 (0.98 – 1.02) 0.92 

Asthma 1.75 (0.69 – 4.46) 0.23 

Diabetes 0.97 (0.68 – 1.39) 0.86 

Stoke 1.18 (0.56 – 2.45) 0.66 

Hypertension 1.55 (1.11 – 2.18) 0.01 

CHF 2.58 (1.43 – 4.66) 0.001 

COPD 8.87 3.06 – 25.8) < 0.001 

ESRD 0.54 (0.25 – 1.19) 0.12 

Obesity 0.72 (0.51 – 1.01) 0.06 

Cancer 0.55 (0.31 – 0.98) 0.04 
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FIGURE 2.1 AGE BY SURVIVAL OF MECHANICALLY VENTILATED COVID-19 SUBJECTS  
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FIGURE 2.2 SEX BY SURVIVAL OF MECHANICALLY VENTILATED COVID-19 SUBJECTS  
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FIGURE 2.3 RACE/ETHNICITY BY SURVIVAL OF MECHANICALLY VENTILATED COVID-19 

SUBJECTS 
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FIGURE 2.4 MEDICATION USE BY SURVIVAL OF MECHANICALLY VENTILATED COVID-19 

SUBJECTS 

 
Abbreviations: Dex – dexamethasone; Rem – remdesivir; Both – dexamethasone and remdesivir 
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FIGURE 2.5 OXYGENATION IMPAIRMENT BY SURVIVAL OF MECHANICALLY VENTILATED 

COVID-19 SUBJECTS 

 
Abbreviations: > 300 – normal lung function; mild – mild oxygenation impairment; moderate – moderate 

oxygenation impairment; severe – severe oxygenation impairment 
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FIGURE 2.6 DYNAMIC COMPLIANCE BY SURVIVAL OF MECHANICALLY VENTILATED COVID-

19 SUBJECTS  
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CHAPTER 3 

Dyspnea, Physical Function and Pulmonary Rehabilitation of Long COVID Subjects  

 

Specific Aim 2 

 

To determine the factors associated with physical function after completing six weeks of 

pulmonary rehabilitation (PR) of COVID-19 subjects with persistent pulmonary symptoms. 

Hypothesis 2a. COVID-19 subjects with persistent pulmonary symptoms who complete 

six weeks of PR that have mild dyspnea will have higher odds of improved physical function 

than COVID-19 subjects with persistent pulmonary symptoms who complete six weeks of PR 

with moderate/severe dyspnea.  

Hypothesis 2b. COVID-19 subjects with persistent pulmonary symptoms who complete 

six weeks of PR that have depressive symptoms will have lower odds of improved physical 

function than COVID-19 subjects with persistent pulmonary symptoms who complete six weeks 

of PR without depressive symptoms. 

Hypothesis 2c. COVID-19 subjects with persistent pulmonary symptoms who complete 

six weeks of PR that have anxiety will have lower odds of improved physical function than 

COVID-19 subjects with persistent pulmonary symptoms who complete six weeks of PR without 

anxiety. 

Hypothesis 2d. COVID-19 subjects with persistent pulmonary symptoms who complete 

six weeks of PR that have PTSD will have lower odds of improved physical function than 

COVID-19 subjects with persistent pulmonary symptoms who complete six weeks of PR without 

PTSD. 
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METHODS 

Data Source 

This scientific research used data from the electronic health record (EHR) from our 

university-associated hospital systems, Post-COVID-19 Health Clinic in the Houston, TX region. 

UTMB Health's Post-COVID Recovery Clinic potentially leads participants to resume life as 

they lived it before COVID-19, returning to their daily routines and favorite activities. Post-

COVID Recovery Clinic offers a patient-focused, comprehensive, clinic-based program with 

virtual visit capabilities. As participants recover from COVID-19, a team of physicians, 

practitioners, and mental health professionals can support them. Participants are evaluated on 

their condition and helped with recovery strategies to support their rehabilitation needs. Inclusion 

criteria were subjects 18 years or older, positively diagnosed with COVID-19 with persistent 

symptoms, who completed six weeks of PR at The University of Texas Medical Branch (UTMB) 

Post-COVID-19 Clinic between June 1, 2020, and February 1, 2022. Sixty-eight subjects were 

reviewed, and 64 met the study's inclusion criteria. 

 

Measures 

Outcome Variables 

PHYSICAL FUNCTION 

6-Minute Walking Distance (6MWD) evaluates an individual's functional capacity and 

endurance by measuring the distance a person can walk in 6 minutes. 

6MWD difference [after pulmonary rehabilitation (post-PR) – before pulmonary 

rehabilitation (pre-PR)] was examined as a continuous variable.  

6MWD post-PR was examined as a continuous variable. 
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Minimal Clinically Important Difference (MCID) in 6MWD was dichotomized into 

(1) achieving MCID or (2) not achieving MCID.  

The 6MWD provides detailed information regarding COPD subjects' exacerbations, 

hospitalizations, and deaths. (Celli, 2016) 6MWD is reliable and valid in assessing disease 

severity (Casanova, 2007; du Bois, 2011), functional capacity (Starobin, 2006), and respiratory 

function. (Rick, 2014) The 6MWD is also used to measure the outcomes of PR programs. 

(Spencer, 2008) A 6-minute walk test (6-MWT) is appropriate for predicting mortality (Karanth, 

2017; Pinto-Plata, 2004) and measuring maximal effort (Blanco, 2010) and mobility. (Harada, 

1999) The outcome variable measures the distance a patient can walk over 6 minutes (6MWD). 

(ATS, 2002)  

The 6-MWT measures a subject's total distance walked over 6 minutes and records 

occurrences of fatigue and dyspnea. (Enright, 2003; Spencer, 2008) The 6MWD is a measure 

considered reliable and valid in assessing disease severity (Casanova, 2007; du Bois, 2011), 

functional capacity, (Enright, 2003; Starobin, 2006) maximal effort, (Blanco, 2010) mobility, 

(Enright, 2003; Harada, 1999) respiratory function, (Rick, 2014) and mortality. (Celli, 2016; 

Enright, 2003; Karanth, 2017; Pinto-Plata, 2004)  

In a systematic review, Bohannon et al. consider a change of 14-30.5m in 6MWD 

clinically important in various pathological patient populations. (Bohannon, 2017) In pulmonary 

diseased populations, a 29-34m change in the distance would be considered a clinically 

significant change. (Holland, 2009) The outcome measure 6MWD was evaluated pre and post-

six weeks of PR. Some studies report that a 24 to 45m change in 6MWD in pulmonary diseased 

populations would be considered clinically significant (du Bois, 2011; Holland, 2009), with a 

30m decrease in distance representing a worsening clinical status. (Polkey, 2013) A study of 
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older patients with COPD reported that a change of 50m-54m represents MCID. (Redelmeier, 

1997; Rasekaba, 2009) However, other studies have shown a range of 54-80m being clinically 

significant. (Wise, 2005)  

To determine the MCID in our sample, we employed the receiver operating characteristic 

curve (ROC) to estimate the cut-point that best predicts MCID. (Hajian-Tilaki, 2013) Our 

analysis used several cut points (30m, 35m, 40m, 45m, 50m, 54m, 80m, 108m and 120m). The 

area under the curve (AUC) values were 0.64, 0.64, 0.67, 0.67, 0.58, 0.58, 0.55, 0.57, and 0.55, 

respectively. Cut points of 30m (AUC; 64), 80m (AUC: 55), and 108m (AUC: 0.57) were used 

for our analysis. 

 

Independent Variables 

PULMONARY RESTRICTION 

Pulmonary Restriction was categorized using forced vital capacity (FVC) percent of 

predicted from spirometry results into (1) normal lung function or mild restriction if subjects had 

FVC more than 80% of predicted, or  (2) moderate to severe restriction if subjects had FVC less 

than 80% of predicted. Subjects were considered to have abnormal lung function if their 

FEV1/FVC was less than the lower limit of normal (LLN) or when the FVC was less than 80% 

of predicted values. (Ranu, 2011) We also evaluated the diffusion capacity of the lungs for 

carbon monoxide (DLCO) when available, but not all subjects who participated in PR had 

diffusion studies done. 
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UNIVERSITY OF CALIFORNIA – SAN DIEGO SHORTNESS OF BREATH QUESTIONNAIRE (UCSD) 

University of California – San Diego Shortness of Breath Questionnaire (UCSD) was 

collected as a continuous variable, then dichotomized into (1) mild dyspnea if values were < 34 

or (2) moderate/severe dyspnea if values were ≥ 34.  UCSD is a tool designed to assess and 

measure the severity and impact of shortness of breath (SOB) by summing responses across a 

24-series of items that the individual rates based on their experience and perception of SOB. 

Items are scored 0-5, with 0 being no difficulty and 5 being the most difficult, forming a total 

score ranging from 0 to 120. The UCSD is recognized as a reliable and valid assessment tool to 

measure the severity of dyspnea and exercise tolerance during activities of daily living (ADL) or 

following a 6-minute walk test (6MWT). (Chen, 2021; Eakin, 1998; Gries, 2013; Kupferberg, 

2005) The questions asked are listed in Appendix A. 

 

HOSPITALIZATION STATUS 

Hospitalization status was dichotomized and presented as (1) previously hospitalized 

due to COVID-19 infection or (2) not hospitalized due to COVID-19 infection. 

 

ANXIETY DISORDER 

General Anxiety Disorder Screener – (GAD-7) is a reliable and valid tool that 

measures anxiety in clinical research (Hinz, 2017) by summing responses across a seven-item 

questionnaire. Items are scored 0-3, with 0 being not at all and 3 being nearly daily. The total 

summary score ranges from 0 to 21. A cutoff score of 10 or greater is acceptable for classifying 

GAD. GAD was dichotomized into having anxiety disorder or not. (Spitzer, 2006) The questions 

asked are listed in Appendix B. 
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DEPRESSION 

The Patient Health Questionnaire – (PHQ-9) is a valid and reliable tool used for 

screening, diagnosing, monitoring, and measuring the severity of depression by summing 

responses across a nine-item questionnaire. Items are scored 0-3, with 0 being not at all and 3 

being nearly daily. The total summary score ranges from 0 to 27. (Levis, 2019) Depression was 

categorized using the PHQ-9 score, with cutoff scores being 5, 10, 15, and 20, reflecting levels 

of mild, moderate, moderately severe, and severe depression, respectively. (Kroenke, 2021) We 

categorized our population by PHQ-9 score, with a score of (1) less than 10 being none or mild 

depression; (2) greater than or equal to 10 being moderate to severe depression. The questions 

asked are listed in Appendix C. 

 

POST-TRAUMATIC STRESS DISORDER (PTSD) 

Impact of Event Scale-6 (IES-6) is a valid and reliable tool used to screen for post-

traumatic stress disorder (PTSD) in COVID-19 patients (Jeong, 2022) by calculating responses 

across a six-item questionnaire. Items are scored 0-4, with 0 being not at all and 4 being 

“extremely.” The total summary score ranges from 0 to 24. (Hosey, 2019) We categorized PTSD 

by quartiles of IES-6 score, being (1)  < 6 as none or mild PTSD, (2) between 6 to 15 as 

moderate PTSD, or (3) > 15 as severe PTSD, respectively. The questions asked are in Appendix 

D. 

 

Covariates 

SOCIO-DEMOGRAPHIC FACTORS 
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Socio-demographics included in the study were age (total age in years), sex (male or 

female), and race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic/Latino, or 

Other). 

 

BODY MASS INDEX 

 Body Mass Index (BMI) was computed by dividing weight (kilograms) by height 

(meters2) and was used as a continuous variable. 

 

MULTIMORBIDITY 

Multimorbidity included comorbid conditions of interest: asthma, history of stroke, 

diabetes, hypertension, liver disease, coronary artery disease (CAD), congestive heart failure, 

COPD, obesity, end-stage renal disease (ESRD), chronic kidney disease (CKD), and history of 

cancer. Multimorbidity was dichotomized into (1) less than two comorbid conditions or (2) 

multimorbidity, if subjects had two or more comorbidities. 

 

Statistical Analysis 

Statistical Methods: All data were visually and statistically examined for normal 

distribution using Shapiro–Wilk's test. Outliers were replaced using their respective interquartile 

ranges' lower and upper bounds. Descriptive statistics were performed to test the descriptive 

characteristics of the sample by physical function. Continuous variables were presented as means 

and standard deviations if they were normally distributed and medians and interquartile ranges if 

they were not. Categorical variables were presented as frequencies and percentages. Logistic 

regression analysis was performed to estimate the odds ratio (OR) and 95 % Confidence Interval 
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(CI) of achieving MCID in 6MWD difference (before and after PR) for COVID-19 patients with 

persistent symptoms that complete PR, controlling for all variables. Linear regression analysis 

was performed to estimate the coefficients of 6MWD pre- and post-PR and change of 6MWD 

(post-PR – pre-PR), controlling for all variables. A <0.05 level of significance was used. All 

analyses were performed in RStudio.  

In our analysis, 6MWD was gathered as a continuous variable and examined as the value 

of 6MWD post-PR, followed by the difference in 6MWD (post-PR – pre-PR). 

To test hypothesis 2a. Logistic regression model using binomial distribution to estimate 

the odds of achieving MCID in 6MWD as a function of dyspnea, controlling for sociodemographic 

and health factors of COVID-19 subjects with persistent symptoms who completed PR.  

To test hypothesis 2b. Logistic regression model using binomial distribution was used to 

estimate the odds of achieving MCID in 6MWD as a function of depressive symptoms, controlling 

for sociodemographic and health factors of COVID-19 subjects with persistent symptoms who 

completed PR. 

To test hypothesis 2c. Logistic regression model using binomial distribution to estimate 

the odds of achieving MCID in 6MWD as a function of anxiety, controlling for sociodemographic 

and health factors of COVID-19 subjects with persistent symptoms who completed PR. 

To test hypothesis 2d. Logistic regression model using binomial distribution to estimate 

the odds of achieving MCID in 6MWD as a function of PTSD, controlling for sociodemographic 

and health factors of COVID-19 subjects with persistent symptoms who completed PR. 
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RESULTS 

 

This purpose of this aim was to determine the factors associated with physical function 

after completing six weeks of pulmonary rehabilitation (PR) of COVID-19 subjects with 

persistent pulmonary symptoms. The outcomes examined were achieving MCID in 6MWD as a 

function of dyspnea, depressive symptoms, anxiety, and PTSD, controlling for sociodemographic 

and health factors of COVID-19 subjects with persistent symptoms who completed PR.  

First, we hypothesized that Long COVID subjects with mild dyspnea would have higher 

odds of achieving minimal clinically important differences (MCID) in 6MWD than those with 

moderate/severe dyspnea. We also hypothesized that Long COVID subjects with depressive 

symptoms will have lower odds of achieving MCID in 6MWD than those without depressive 

symptoms. We further hypothesized that Long COVID subjects with anxiety will have lower 

odds of achieving MCID in 6MWD than those without anxiety. Lastly, we hypothesized that 

Long COVID subjects with PTSD will have lower odds of achieving MCID in 6MWD than 

those without PTSD. 

 

ANALYSES FOR OVERALL SAMPLE 

Table 3.1A presents the baseline characteristics of 64 subjects with Long COVID in the 

study sample. Participants had a mean age of 56 ± 13.1 years. The majority were female 

(64.1%), with Non-Hispanic White being the most common race/ethnicity (54.7%), followed by 

Hispanic (28.1%) and Non-Hispanic Black (17.2%). The overall average BMI was 35 ± 8.5 

Kg/m². 
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Regarding hospitalization, 68.8% of participants were previously hospitalized due to 

COVID-19. Most participants had less than two comorbid conditions (76.6%) compared to those 

with multimorbidity (23.4%). Anxiety was absent in the majority (80%), while 20% were 

classified as anxious. Most participants had none to mild depression (71.1%), while 28.9% 

experienced moderate to severe depressive symptoms. Mild PTSD was reported by more than 

half (52.2%) of participants, with 21.7% and 26.1% reporting moderate and severe PTSD, 

respectively. 

Table 3.1B presents the baseline pulmonary characteristics of the sample. The median 

6MWD before PR (pre-PR) was 1083 meters (IQR 900 – 1259). After PR (post-PR), the median 

6MWD increased to 1349 meters (IQR 1000 – 1482), improving overall physical function. The 

median difference in 6MWD (post-PR – pre-PR) was 261 meters (IQR 100 – 421). 

Regarding subjects achieving MCID in 6MWD post-PR, the majority of participants 

achieved improvements of at least 30 meters (92.2%), 80 meters (79.7%), and 108 meters 

(76.6%) post-PR.  

Regarding dyspnea severity, 29.7% of participants reported mild dyspnea, while 70.3% 

reported moderate to severe dyspnea. Moderate pulmonary restriction was present in about a 

third (32.8%) of participants, while 67.2% had mild restriction or normal lung function. 
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TABLE 3.1A DESCRIPTIVE BASELINE CHARACTERISTICS OF LONG COVID SUBJECTS 

(N=64). 

 

  

Characteristics Missing (%) Overall N (%) 

Age (years), mean ± SD 0 (0) 56 ± 13.1 

Sex 0 (0)  

  Male   23 (35.9) 

  Female  41 (64.1) 

Race/Ethnicity 0 (0)  

  Non-Hispanic White  35 (54.7) 

  Non-Hispanic Black  11( 17.2) 

  Hispanic or Latino  18 (28.1) 

BMI (Kg/m2), mean ± SD 3 (5) 35 ± 8.5 

Hospitalized 0 (0)  

  Yes  44 (68.8) 

  No  20 (31.2) 

Multimorbidity 0 (0)  

  < 2 comorbid conditions  49 (76.6) 

  ≥ 2 comorbid conditions  15 (23.4) 

Anxiety 19 (29.7)  

  Not anxious  36 (80) 

  Anxious  9 (20) 

Depression 19 (29.7)  

  None or Mild  32 (71.1) 

  Moderate to Severe  13 (28.9) 

PTSD 18 (28.1)  

  Mild  24 (52.2) 

  Moderate  10 (21.7) 

  Severe  12 (26.1) 

Abbreviations: BMI – body mass index; PTSD – post-traumatic stress disorder 
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TABLE 3.1B DESCRIPTIVE BASELINE PULMONARY CHARACTERISTICS OF LONG COVID 

SUBJECTS (N=64). 

  

Characteristics Missing (%) Overall N (%) 

6MWD pre-PR (meters),  median (IQR) 0 (0) 1083 (900 – 1259) 

6MWD post-PR (meters),  median (IQR) 0 (0) 1349 (1000 – 1482) 

6MWD difference (meters), median (IQR) 0 (0) 261 (100 – 421) 

6MWD MCID 30m 0 (0)  

  Yes  59 (92.2) 

  No  5 (7.8) 

6MWD MCID 80m 0 (0)  

  Yes  51 (79.7) 

  No  13 (20.3) 

6MWD MCID 108m 0 (0)  

  Yes  49 (76.6) 

  No  15 (23.4) 

Dyspnea 0 (0)  

  Mild  19 (29.7) 

  Moderate/Severe  45 (70.3) 

Pulmonary restriction 3 (4.7)  

  Normal lung function or mild restriction  41 (67.2) 

  Moderate to Severe  20 (32.8 )        

PR – pulmonary rehabilitation; 6MWD – Six Minute Walk Distance; MCID – minimum clinically important 

difference; 6MWD difference = (post-PR – pre-PR) 
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ANALYSES FOR  6-MINUTE WALKING DISTANCE 

6-Minute Walking Distance Post-Pulmonary Rehabilitation 

Table 3.2A presents the results of univariate analysis examining the association between 

various predictor variables and the 6-minute walk distance (6MWD) post-pulmonary 

rehabilitation (post-PR) of long COVID subjects. The analysis included 64 participants. 

Age was found to have a significant negative association with 6MW post-PR (coefficient 

= -5.416, p = 0.04), indicating that older age is associated with a shorter 6MWD. BMI showed a 

non-significant negative association with 6MW post-PR (coefficient = -6.562, p = 0.12), 

suggesting that higher BMI may be associated with a shorter 6MWD, although this result did not 

reach statistical significance. 

Baseline 6MWD before pulmonary rehabilitation (pre-PR) was significantly positively 

associated with 6MWD post-PR (coefficient = 0.676, p < 0.001), indicating that a longer 

baseline walk distance is associated with a longer walk distance post-PR. 

Of demographic variables, only race/ethnicity showed significant associations. Non-

Hispanic Black participants had a significantly lower 6MWD post-PR compared to Non-

Hispanic White participants (coefficient = -271.49, p = 0.004), while Hispanic or Latino 

participants also showed a lower 6MWD, although not statistically significant (coefficient = -

110.61, p = 0.15). 

Regarding comorbidities, participants with multimorbidity had a significantly lower 

6MWD post-PR compared to those with less than two comorbid conditions (coefficient = -

216.03, p = 0.007). Other variables, including sex, hospitalization status, anxiety, depression, 

PTSD, pulmonary restriction severity, and dyspnea severity, did not show significant 

associations with 6MWD post-PR. 
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TABLE 3.2 UNIVARIATE ANALYSIS FOR 6-MINUTE WALKING DISTANCE POST-PULMONARY 

REHABILITATION OF LONG COVID SUBJECTS (N=64). 

 

  

Predictor Variable Coefficient Std. Error p-value 

Age -5.416 2.606 0.0418 

BMI (Kg/m2 ) -6.562 4.138 0.118 

6MWD pre-PR 0.676 0.092 <0.001 

6MWD difference 0.641 0.138 <0.001 

Sex  (reference: female) 

  Male 78.53 72.10 0.28 

Race/Ethnicity (reference: Non-Hispanic White) 

  Non-Hispanic Black -271.49 90.65 0.00396 

  Hispanic or Latino -110.61 76.07 0.15105 

Multimorbidity (reference: less than two comorbid conditions) 

  Multimorbid -216.03 77.74 0.00721 

Hospitalization status (reference: not hospitalized from COVID-19) 

  Hospitalized -58.11 74.98 0.441 

Anxiety (reference: not anxious) 

  Anxious  107.63 100.93 0.292 

Depression (reference: none or mild depression) 

  Moderate to severe depression 42.61 90.01 0.638 

PTSD (reference:  none or mild PTSD) 

  Moderate PTSD 31.04 101.64 0.762 

  Severe PTSD 113.78 95.47 0.240 

Pulmonary Restriction (reference: none or mild pulmonary restriction) 

Moderate to severe restriction 8.985 76.256 0.907 

Dyspnea (reference: mild dyspnea) 

  Moderate to severe dyspnea -136.74 74.44 0.071 

Abbreviations: BMI – body mass index; 6MWD – 6-minute walking distance; PR – pulmonary rehabilitation; PTSD 

– post-traumatic stress disorder 
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6-Minute Walking Distance Difference before and after Pulmonary 

Rehabilitation 

Table 3.3 presents the results of univariate regression analysis examining the association 

between various predictor variables and the change in 6MWD difference (post-pulmonary 

rehabilitation – pre-pulmonary rehabilitation) of Long COVID subjects. The analysis included 64 

participants. 

Age did not show a significant association with 6MWD difference (coefficient = -1.137, 

p = 0.60), indicating that age was not a significant predictor of the change in 6MWD difference. 

BMI showed a trend towards a negative association with 6MWD difference, although it did not 

reach statistical significance (coefficient = -5.542, p = 0.09), suggesting that higher BMI may be 

associated with a smaller improvement in 6MWD difference. 

A higher baseline 6MWD (pre-PR) was found to correlate with a smaller increase in the 

6MWD difference (coefficient = -0.199, p = 0.04), indicating that individuals with greater initial 

walking abilities showed less improvement. Conversely, an increase in the 6MWD post-PR was 

strongly associated to a larger improvement in the 6MWD difference (coefficient = 0.400, p < 

0.001), suggesting that the post-rehabilitation walking distance is a significant predictor of PR 

success. Essentially, while patients starting with a higher pre-PR 6MWD tend to show smaller 

gains, those who improve their walking distance post-PR demonstrate significant enhancements 

in their physical function. 

Of demographic variables, only race/ethnicity showed significant associations. Non-

Hispanic Black and Hispanic or Latino participants had significant lower 6MWD differences 

compared to Non-Hispanic White participants (coefficient = -168.63, p = 0.02; coefficient = -

130.30, p = 0.04), respectively. Regarding comorbidities, participants with multimorbidity did 
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not show a significant association with 6MWD difference compared to those with less than two 

comorbid conditions (coefficient = -89.74, p = 0.17). 

Other variables, including sex, hospitalization status, anxiety, depression, PTSD, 

pulmonary restriction severity, and dyspnea severity, did not show significant associations with 

6MWD difference. 
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TABLE 3.3 UNIVARIATE REGRESSION ANALYSIS FOR 6-MINUTE WALKING DISTANCE 

DIFFERENCE OF LONG COVID SUBJECTS (N=64). 

 

 

 

Predictor Variable Coefficient Std. Error p-value 

Age -1.137 2.125 0.60 

BMI (Kg/m2 ) -5.542 3.248 0.09 

6MWD pre-PR -0.19943 0.09632 0.04 

6MWD post-PR 0.40033 0.08655 <0.001 

Sex  (reference: female) 

  Male 3.946 57.525 0.95 

Race/Ethnicity (reference: Non-Hispanic White) 

  Non-Hispanic Black -168.63 72.46 0.02 

  Hispanic or Latino -130.30 60.80 0.04 

Multimorbidity (reference: less than two comorbid conditions) 

  Multimorbid -89.74 64.16 0.17 

Hospitalization status (reference: not hospitalized from COVID-19) 

Hospitalized 75.49 58.77 0.20 

Anxiety (reference: not anxious) 

  Anxious  73.53 90.82 0.42 

Depression (reference: none or mild depression) 

  Moderate to severe depression 68.92 80.08 0.39 

PTSD (reference:  none or mild PTSD) 

  Moderate PTSD 36.22 93.25 0.70 

  Severe PTSD 29.88 87.59 0.74 

Pulmonary Restriction (reference: none or mild pulmonary restriction) 

  Moderate to severe restriction 92.69 60.19 0.13 

Dyspnea (reference: mild dyspnea) 

  Moderate to Severe dyspnea -71.02 59.74 0.24 

Abbreviations: BMI – body mass index; 6MWD – 6-minute walking distance; PR – pulmonary rehabilitation; PTSD 

– post-traumatic stress disorder 
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Minimal Clinically Important Difference at 30 meters 

Table 3.4A presents baseline characteristics of Long COVID subjects based on achieving 

Minimal Clinically Important Difference (MCID) 6MWD at 30m. Sixty-four subjects were 

included, with 59 (92.2%) achieving MCID and 5 (7.8%) not achieving MCID at 30m. 

The mean age was similar between the two groups (56 ±13 years for achieved vs. 58 ±14) 

years for those who did not achieve MCID, p=0.77). Regarding sex, the majority of males 

achieved MCID (22, 95.7%) compared to those who did not (1, 4.3%), but this difference was 

not statistically significant (p=0.65). There were similar results for females, with most of them 

achieving an MCID (37, 90.2%) and a small portion who did not (4, 9.8%). Significant 

differences were observed in terms of race/ethnicity (p=0.01). All non-Hispanic White 

participants achieved MCID at 30m (35, 100.0%), while there were more participants of Non-

Hispanic Black (11, 84.6%) and Hispanic or Latino (18, 85.7%) participants who achieved 

MCID than those who did not achieve MCID. 

The mean BMI was similar between the groups [34 ±8 Kg/m2) for those who achieved 

MCID vs. 37 ±10 Kg/m2) for those who did not achieve MCID at 30m p=0.67). There were no 

significant differences in hospitalization rates between the groups (p=0.64). Regarding 

multimorbidity, most participants had less than two comorbid conditions, with similar 

proportions in both groups (92.5% for those who achieved MCID vs. 7.5% for those who did not 

achieve MCID at 30m, p=1.00). Similarly, there were no significant differences in anxiety, 

depression, or PTSD between the groups (p=0.57, p=1.00, and p=0.80, respectively). 

Table 3.4B describes baseline pulmonary characteristics of Long COVID subjects based 

on achieving MCID in 6MWD at 30m. The median 6MWD pre-PR was 1033 meters (IQR 860-

1254) for those who achieved MCID and 1073 meters (IQR 1158-1275) for those who did not, 
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with no significant difference (p=0.82). However, the median 6MWD post-PR was 1352 meters 

(IQR 1232-1487) for achievers of MCID and 1107 meters (IQR 1120-1218) for non-achievers, 

with a trend towards significance (p=0.056). The median 6MWD difference was significantly 

higher for achievers of MCID at 30m (310 meters, IQR 156-439) compared to non-achievers (-

30 meters, IQR -80-4, p<0.001). 

Regarding dyspnea, most participants had mild dyspnea, with 18 (94.7%) achieving 

MCID and 1 (5.3%) not achieving MCID at 30m. Similarly, for moderate/severe dyspnea, 41 

(91.1%) achieved MCID at 30m, and 4 (8.9%) did not (p=1.00). Regarding pulmonary 

restriction, the majority had normal lung function or mild restriction, with 41 (91.1%) achieving 

MCID at 30m and 4 (8.9%) not. For moderate to severe restriction, 20 (95.2%) subjects achieved 

MCID at 30m, and 1 (4.8%) did not (p=1.00). 
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TABLE 3.4A DESCRIPTIVE BASELINE CHARACTERISTICS BY MCID OF 30M OF LONG COVID 

SUBJECTS (N=64). 

 

Characteristics 
MCID 30m 

p-value 
Yes No 

Total 59 (92.2%) 5 (7.8%)  

Age (years), mean ± SD 56 ± 13 58 ± 14 0.77 

Sex   0.65f 

  Male  22 (95.7%) 1 (4.3%)  

  Female 37 (90.2%) 4 (9.8%)  

Race/Ethnicity   0.01 f 

  Non-Hispanic White 35 (100.0%) 0 (0.0%)  

  Non-Hispanic Black 11 (84.6%) 2 (15.4%)  

  Hispanic or Latino 18 (85.7%) 3 (14.3%)  

BMI (Kg/m2), mean ± SD 34 ± 8 37 ± 10 0.67 

Hospitalized   0.64 f 

  Yes 44 (93.6%) 3 (6.4%)  

  No 20 (90.9%) 2 (9.1%)  

Multimorbidity   1 f 

  < 2 comorbid conditions 49 (92.5%) 4 (7.5%)  

  ≥ 2 comorbid conditions 15 (93.8%) 1 (6.3%)  

Anxiety   0.57 f 

  Not anxious 36 (90.0%) 4 (10.0%)  

  Anxious 9 (100.0%) 0 (0.0%)  

Depression   1 f 

  None or Mild 32 (91.4%) 3 (8.6%)  

  Moderate to Severe 13 (92.9%) 1 (7.1%)  

PTSD   0.80 f 

  Mild 24 (88.9%) 3 (11.1%)  

  Moderate 12 (92.3%) 1 (7.7%)  

  Severe 12 (92.3%) 1 (7.7%)  

Abbreviations: MCID – minimal clinically important difference; BMI - body mass index; PTSD – post-traumatic stress 

disorder; Kg – kilograms;  m – meters;   f – Fisher’s exact test 



 

 

 

68 

TABLE 3.4B DESCRIPTIVE BASELINE PULMONARY CHARACTERISTICS BY MCID OF 30M OF 

LONG COVID SUBJECTS (N=64). 

  

Characteristics 
MCID 30m 

p-value 
Yes No 

Total 59 (92.2%) 5 (7.8%)  

6MWD pre-PR (meters)  

median (IQR) 
1033 (860-1254) 1073 (1158-1275) 0.82 

6MWD post-PR (meters) 

median (IQR) 
1352 (1232-1487) 1107 (1120-1218) 0.056 

6MWD difference (meters) 

median (IQR) 
310 (156 439) -30 (-80-4) <0.001 

Dyspnea   1 f 

  Mild 18 (94.7%) 1 (5.3%)  

  Moderate/Severe 41 (91.1%) 4 (8.9%)  

Pulmonary restriction   1 f 

  Normal lung function or mild 

restriction 
41 (91.1%) 4 (8.9%)  

  Moderate to Severe 20 (95.2%) 1 (4.8%)  

Abbreviations: PR – pulmonary rehabilitation; 6MWD – Six Minute Walk Distance; MCID – minimum clinically 

important difference; 6MWD difference = (post-PR – pre-PR);  f – Fisher’s exact test 
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Minimal Clinically Important Difference at 80 meters 

Table 3.5A presents the baseline characteristics of Long COVID subjects based on 

achieving MCID in 6MWD at 80m. Of the 64 subjects included, 51 (79.7%) achieved MCID, 

while 13 (20.3%) did not achieve MCID. 

The mean age was similar between those who achieved MCID (56 ± 13 years) and those 

who did not achieve MCID (57 ± 14 years) (p=0.85). Regarding sex, a majority of both males 

and females achieved MCID (82.6% and 78%, respectively) compared to their counterparts who 

did not achieve MCID (17.4% and 22%, respectively) (p=0.76). Significant differences in 

race/ethnicity were observed (p=0.002), with a higher proportion of non-Hispanic White 

participants achieving MCID (94.3%) compared to non-Hispanic Blacks (54.5%) and Hispanic 

or Latino (66.7%) subjects. 

The mean BMI was similar between participants who achieved MCID (34 Kg/m2)  

compared to those who did not (37 Kg/m2) (p=0.29). There were no significant differences in 

hospitalization rates between those who achieved MCID and those who did not (p=0.31). 

Regarding multimorbidity, most participants had less than two comorbid conditions, 83.7% for 

those who achieved MCID vs. 16.3% for those who did not achieve MCID at 80m. Although 

two-thirds of 10 (66.7%) subjects with multimorbidity achieved MCID at 80m, there was no 

significant difference between the groups p=0.16). Similarly, there were no significant 

differences in anxiety, depression, or PTSD between the groups (p=1.00, p=1.00, and p=0.61, 

respectively). 

Table 3.5B provides an overview of baseline pulmonary characteristics of Long COVID 

subjects based on achieving the MCID in 6MWD at 80m. 
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The median 6MWD pre-PR was 1052 meters (IQR 850-1191) for those who achieved 

MCID and 1254 meters (IQR 1158-1284) for those who did not, with no significant difference 

observed (p=0.38). However, post-PR, the median 6MWD was significantly higher for those 

who achieved MCID (1429m, IQR 1232-1560) compared to those who did not (1262m, IQR 

1162-1311) (p=0.02). Similarly, the median 6MWD difference was significantly higher for 

achievers (293m, IQR 199-458) of MCID at 80m compared to non-achievers (39m, IQR 4-59) 

(p<0.001). 

Regarding dyspnea, a higher proportion of subjects with mild dyspnea achieved MCID 

(90%) than those with moderate/severe dyspnea (78%). However, this difference was not 

statistically significant (p=0.31). Regarding pulmonary restriction, 77% of subjects with normal 

lung function or mild restriction achieved MCID, while 86% of those with moderate to severe 

restriction achieved MCID. Again, the difference was not statistically significant (p=0.52).  
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TABLE 3.5A DESCRIPTIVE BASELINE CHARACTERISTICS BY MCID OF 80M OF LONG COVID 

SUBJECTS (N=64). 

 

Characteristics 
MCID 80m 

p-value 
Yes No 

Total 51 (79.7%) 13 (20.3%)  

Age (years), mean ± SD 56 ± 13 57 ± 14 0.85 

Sex   0.76 f 

  Male  19 (82.6%) 4 (17.4%)  

  Female 32 (78%) 9 (22%)  

Race/Ethnicity   0.002 f 

  Non-Hispanic White 33 (94.3%) 2 (5.7%)  

  Non-Hispanic Black 6 (54.5%) 5 (45.5%)  

  Hispanic or Latino 12 (66.7%) 6 (33.3%)  

BMI (Kg/m2), mean ± SD 34 ± 9 37 ± 7 0.29 

Hospitalized   0.31 f 

  Yes 37 (84.1%) 7 (15.9%)  

  No 14 (70.0%) 6 (30.0%)  

Multimorbidity   0.16 f 

  < 2 comorbid conditions 41 (83.7%) 8 (16.3%)  

  ≥ 2 comorbid conditions 10 (66.7%) 5 (33.3%)  

Anxiety   1 f 

  Not anxious 27 (75.0%) 9 (25.0%)  

  Anxious 7 (77.8%) 2 (22.2%)  

Depression   1 f 

  None or mild 26 (76.5%) 8 (23.5%)  

  Moderate to severe 12 (80.0%) 3 (20.0%)  

PTSD   0.61 f 

  Mild 18 (69.2%) 8 (30.8%)  

  Moderate 10 (83.3%) 2 (16.7%)  

  Severe 10 (83.3%) 2 (16.7%)  

Abbreviations: MCID – minimal clinically important difference; BMI – body mass index; PTSD – post-traumatic stress 

disorder; Kg – kilograms;  m – meters;  f – Fisher’s exact test 
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TABLE 3.5B DESCRIPTIVE BASELINE PULMONARY CHARACTERISTICS BY MCID OF 80M OF 

LONG COVID SUBJECTS (N=64). 

  

Characteristics 
MCID 80m 

p-value 
Yes No 

Total 51 (79.7%) 13 (20.3%)  

6MWD pre-PR (meters) median 

(IQR) 
1052 (850 – 1191) 1254 (1158 – 1284) 0.38 

6MWD post-PR (meters) median 

(IQR) 
1429 (1232 – 1560) 1262 (1162 – 1311) 0.02 

6MWD difference (meters) 

median (IQR) 
293 (199 – 458) 39 (4 – 59) <0.001 

Dyspnea   0.31 f 

  Mild 18 (90%) 2 (10%)  

  Moderate/Severe 37 (78%) 11 (23%)  

Pulmonary restriction   0.52 f 

  Normal lung function or mild 

restriction 
34 (77%) 10 (23%)  

  Moderate to severe restriction 18 (86%) 3 (14%)  

Abbreviations: PR – pulmonary rehabilitation; 6MWD – Six-Minute Walking Distance; MCID – minimum clinically 

important difference; 6MWD difference = (post-PR – pre-PR);  f – Fisher’s exact test 
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Minimal Clinically Important Difference at 108 meters 

Table 3.6A provides an overview of baseline characteristics of Long COVID subjects 

based on achieving MCID in 6MWD at 108m. Of the 64 subjects, 49 (76.6%) achieved MCID, 

while 15 (23.4%) did not achieve MCID. 

The mean age was similar between subjects who achieved MCID at 108m (56 ± 13 years) 

and those who did not achieve MCID (58 ± 13 years) (p=0.61). Regarding sex, no significant 

differences were observed (p=0.81), with 78.3% of males and 75.6% of females achieving 

MCID. Significant differences were observed in terms of race/ethnicity (p=0.02). A higher 

proportion of non-Hispanic White subjects achieved MCID (88.6%) compared to non-Hispanic 

Black (54.5%) and Hispanic or Latino (66.7%) subjects. 

The mean BMI was similar between the subjects who achieved MCID at 108m (34 ± 9 

Kg/m2) and those who did not achieve MCID (35 ± 8 Kg/m2) (p=0.66). There were no significant 

differences in hospitalizations between subjects who achieved MCID at 108m and those who did 

not (p=0.53). Regarding multimorbidity, a significantly higher proportion of subjects with less 

than two comorbid conditions achieved MCID (83.7%) compared to those with multimorbidity 

(53.3%) (p=0.03). However, there were no significant differences in anxiety, depression, or 

PTSD between the groups (p=1.00, p=1.00, and p=0.38, respectively).  

Table 3.6B provides an overview of Long COVID subjects' baseline pulmonary 

characteristics based on their MCID achievement in 6MWD at 108m.  

There was no significant difference in the median 6MWD pre-PR between those who 

achieved MCID at 108m compared to those who did not (p=0.51), with a median of 1052 meters 

for those who achieved the MCID and 1216 meters for those who did not. However, post-PR, the 

median 6MWD was significantly higher for those who achieved the MCID (1434 meters, 
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p=0.006) than those who did not (1262 meters). Similarly, the median 6MWD difference was 

significantly higher for achievers (296 meters) compared to non-achievers (46 meters) (p<0.001). 

In terms of dyspnea, a higher proportion of participants with mild dyspnea achieved the 

MCID (84.2%) compared to those with moderate/severe dyspnea (73.3%), although this 

difference was not statistically significant (p=0.52). Regarding pulmonary restriction, there was 

no significant difference in the proportion of participants with normal lung function or mild 

restriction between the two groups (p=0.34), with 70.7% of those who achieved the MCID and 

29.3% of those who did not. However, a higher proportion of participants with moderate to 

severe restriction achieved the MCID (85.0%) compared to those who did not achieve the MCID 

(15.0%).  
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TABLE 3.6A DESCRIPTIVE BASELINE CHARACTERISTICS BY MCID OF 108M OF LONG COVID 

SUBJECTS (N = 64). 

 

Characteristics 
MCID 108m 

p-value 
Yes No 

Total 49 (76.6%) 15 (23.4%)  

Age (years), mean ± SD 56 ± 13 58 ± 13 0.61 

Sex   0.81 

  Male  18 (78.3%) 5 (21.7%)  

  Female 31 (75.6%) 10 (24.4%)  

Race/Ethnicity   0.02 f 

  Non-Hispanic White 31 (88.6%) 4 (11.4%)  

  Non-Hispanic Black 6 (54.5%) 5 (45.5%)  

  Hispanic or Latino 12 (66.7%) 6 (33.3%)  

BMI (kg/m2), mean ± SD 34 ± 9 35 ± 8 0.66  

Hospitalized   0.53 f 

  Yes 35 (79.5%) 9 (20.5%)  

  No 14 (70.0%) 6 (30.0%)  

Multimorbidity   0.03 f 

  < 2 comorbid conditions 41 (83.7%) 8 (16.3%)  

  ≥ 2 comorbid conditions 8 (53.3%) 7 (46.7%)  

Anxiety   1.00 f 

  Not anxious 26 (72.2%) 10 (27.8%)  

  Anxious 7 (77.8%) 2 (22.2%)  

Depression   1.00 f 

  None or Mild 23 (71.9%) 9 (28.1%)  

  Moderate to Severe 10 (76.9%) 3 (23.1%)  

PTSD   0.38 f 

  Mild 15 (65.2%) 9 (34.8%)  

  Moderate 8 (80.0%) 2 (20.0%)  

  Severe 10 (83.3%) 2 (16.7%)  
Abbreviations: MCID – minimal clinically important difference; BMI – body mass index; PTSD – post-traumatic stress 

disorder; Kg – kilograms;  m – meters;  f – Fisher’s exact test 
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TABLE 3.6B DESCRIPTIVE BASELINE PULMONARY CHARACTERISTICS BY MCID OF 108M OF 

LONG COVID SUBJECTS (N = 64). 

 

  

Characteristics 
MCID 108m 

p-value 
Yes No 

Total 49 (76.6%) 15 (23.4%)  

6MWD pre-PR (meters),  median 

(IQR) 
1052 (850 – 1182) 1216 (1148 – 1280) 0.51 

6MWD post-PR (meters),  median 

(IQR) 
1434 (1232 – 1562) 1262 (1141 – 1317) 0.006 

6MWD difference (meters), median 

(IQR) 
296 (211 – 460) 46 (7 – 66) <0.001 

Dyspnea   0.52 f 

  Mild 16 (84.2%) 3 (15.8%)  

  Moderate/Severe 33 (73.3%) 12 (26.7%)  

Pulmonary restriction   0.34 f 

  Normal lung function or mild 

restriction 
29 (70.7%) 12 (29.3%)  

  Moderate to severe restriction 17 (85.0%) 3 (15.0%)  

Abbreviations: PR – pulmonary rehabilitation; 6MWD – Six Minute Walk Distance; MCID – minimum clinically important 

difference; 6MWD difference = (post-PR – pre-PR);   f – Fisher’s exact test 
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Multivariate Analysis for 6MWD difference 

No factors included in the linear regression model were shown to be associated with 

6MWD difference.  

 

Multivariate Analysis for 6MWD post-PR 

Table 3.7 presents the results of the linear regression analysis examining factors 

associated with 6- 6MWD post-PR. The primary predictor, 6MWD pre-PR, showed a significant 

positive association with 6MWD post-PR (OR = 0.57, 95% CI 0.36 – 0.77, p < 0.001), indicating 

that for every additional meter walked in the pre-PR assessment, there was an expected increase 

of 0.57 meters in the post-PR 6MWD. Other factors, such as age, BMI, race and ethnicity, sex, 

dyspnea at baseline, multimorbidity, and hospitalization status, did not show statistically 

significant associations with 6MWD post-PR. However, on average, subjects with 

moderate/severe restriction had a 126-meter higher 6MWD post-PR compared to those without 

(OR = 126.0, 95% CI 2.14 – 250.0, p = 0.046). The interaction term for age and BMI was also 

non-significant (OR = -0.47, 95% CI -0.91 – 0.02, p = 0.06), indicating that the combined effect 

of age and BMI on 6MWD post-PR was insignificant in this analysis.  

Figures 3.1A and 3.1B illustrate 6MWD post-PR by 6MWD pre-PR and pulmonary 

restriction, respectively. These results suggest that while 6MWD pre-PR strongly predicts 

6MWD post-PR, other demographic and clinical factors may not independently predict post-PR 

6MWD in this population. 
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TABLE 3.7  FACTORS ASSOCIATED WITH 6-MINUTE WALKING DISTANCE POST-

PULMONARY REHABILITATION FOR LONG COVID SUBJECTS (N = 64) 

  

Characteristics OR (95% CI) p-value 

Age (years) 12.8 [(-4.55) – 30.2] 0.145 

 
BMI (Kg/m2) 18.3 [(-6.17) – 42.8] 0.139 

 
Race and ethnicity   

  Non-Hispanic White Reference  

  Non-Hispanic Black -132 [(-284.0) – 20.2] 0.088 

 
  Hispanic/Latino -27.2 [(-160.0) – 106.0] 0.683 

 Sex   

  Female Reference  

  Male -68.2 [(-197) – 60.4] 0.292 

 Dyspnea at baseline   

  Mild  Dyspnea Reference 

 
 

  Moderate/Severe Dyspnea -68.2 [(-160.0) – 106.0] 0.261 

 Pulmonary Restriction   

  Normal lung function or mild Reference  

  Moderate to severe 126.0 (2.14 – 250.0) 0.046 

 Multimorbidity   

  < 2 comorbid conditions Reference  

  ≥ 2 comorbid conditions - 109.0 [(-231.0) – 24.3] 0.107 

 Hospitalization Status   

  Not Hospitalized  Reference  

  Hospitalized  -3.63 [(-129.0) – 122.0]  

6MWD pre-PR 0.57 (0.36 – 0.77) <0.001 

 
Age (years):BMI( Kg/m2) -0.47 [(-0.91) – 0.02] 0.06 
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FIGURE 3.1A 6-MINUTE WALKING DISTANCE (6MWD) POST-PULMONARY REHABILITATION 

(PR)  BY 6MWD PRE-PR (P = < 0.001) 

 

 
 
Abbreviations: 6MWD pre – 6-minute walking distance before pulmonary rehabilitation; 6MWD post – 6-minute 

walking distance after pulmonary rehabilitation   
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FIGURE 3.1B  6-MINUTE WALKING DISTANCE (6MWD) POST-PULMONARY REHABILITATION 

(PR)  BY PULMONARY RESTRICTION (P = 0.046) 

 

 
 

Abbreviations: 6MWD pre – 6-minute walking distance before pulmonary rehabilitation; 6MWD post – 6-minute 

walking distance after pulmonary rehabilitation; mild/normal – normal lung function or mild pulmonary restriction; 

severe/moderately severe/moderate – moderate to severe pulmonary restriction  
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Multivariate Analysis for MCID in 6MWD at 30m  

No factors included in the multivariate analysis for achieving MCID at 30m were shown 

to be significant. 

 

Multivariate Analysis for MCID in 6MWD at 80m  

Table 3.8 presents the multivariate analysis of factors associated with achieving MCID at 

80m for Long COVID patients who completed six weeks of pulmonary rehabilitation, revealing 

interesting insights. Age, sex, BMI, dyspnea, pulmonary restriction, hospitalization, and 

multimorbidity showed no significant association with achieving the MCID. However, 

race/ethnicity played a significant role. Non-Hispanic Black participants were significantly less 

likely to achieve the MCID than Non-Hispanic Whites, with an odds ratio of 0.048 (95% CI: 

0.003 – 0.418, p = 0.012). Hispanic/Latino participants showed a trend towards lower likelihood, 

although not statistically significant, with an odds ratio of 0.132 (95% CI: 0.012 – 0.994, p = 

0.064).  

Figure 3.2 illustrates the MCID of 6MWD at 80m by race and ethnicity. No factors 

included in the multivariable analysis for MCID at 80, with depression, anxiety, or PTSD as the 

primary predictors, were shown to be significant.  
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TABLE 3.8 FACTORS ASSOCIATED WITH MCID AT 80 OF FOR LONG COVID SUBJECTS 

WHO COMPLETED 6-WEEKS OF PULMONARY REHABILITATION  

Characteristic OR (95% CI) p-value 

Age 0.991 (0.922 – 1.060) 0.794 

Race/Ethnicity   

  Non-Hispanic White Reference  

  Non-Hispanic Black 0.048 (0.003 – 0.418) 0.012 

  Hispanic or Latino 0.132 (0.012 – 0.994) 0.064 

Sex   

  Female Reference  

  Male 0.395 (0.050 – 2.740) 0.351 

BMI 1.030 (0.939 – 1.150) 0.516 

Dyspnea   

  Mild Reference  

 Moderate to Severe 0.241 (0.018 – 1.830) 0.206 

Pulmonary Restriction   

  Normal lung function or mild Reference  

  Moderate to severe 2.130 (0.323 – 17.800) 0.447 

Hospitalization Status   

  Not Hospitalized Reference  

  Hospitalized 2.070 (0.374 – 12.800) 0.407 

Multimorbidity   

  < 2 comorbid conditions Reference  

  ≥ 2 comorbid conditions 0.531 (0.074 – 3.570) 0.511 

Abbreviations: BMI – body mass index 
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FIGURE 3.2 MINIMAL CLINICALLY IMPORTANT DIFFERENCE IN 6-MINUTE WALKING 

DISTANCE AT 80 METERS BY RACE AND ETHNICITY (P = 0.012) 
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Multivariate Analysis for MCID in 6MWD at 108m  

Table 3.9 presents the multivariate analysis of factors associated with achieving MCID at 

108m for Long COVID patients who completed six weeks of PR, with dyspnea as the primary 

predictor, revealing some notable findings.   Age, sex, BMI, restriction, hospitalization, and 

dyspnea severity did not show significant associations with achieving the MCID at 108m. 

However, race/ethnicity played a significant role. Non-Hispanic Black participants were 

significantly less likely to achieve MCID than Non-Hispanic White participants, with an odds 

ratio of 0.099 (95% CI: 0.010 - 0.718, p = 0.029). Hispanic/Latino participants also showed a 

lower likelihood of achieving the MCID, although not statistically significant, with an odds ratio 

of 0.473 (95% CI: 0.071 - 3.120, p = 0.427). These results suggest that race/ethnicity may be a 

crucial factor in the rehabilitation outcomes of Long COVID patients, particularly at the 108m 

distance, highlighting the importance of culturally sensitive interventions in this population.  

Figure 3.3 illustrates the MCID of 6MWD at 108m by race and ethnicity. No factors 

included in the multivariable analysis for MCID at 108m, with depression, anxiety, or PTSD as 

the primary predictors, were shown to be significant. 
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TABLE 3.9 FACTORS ASSOCIATED WITH MCID AT 108 OF FOR LONG COVID SUBJECTS 

WHO COMPLETED 6-WEEKS OF PULMONARY REHABILITATION BY DYSPNEA 

Characteristic OR (95% CI) p-value 

Age 0.998 (0.933 - 1.070) 0.945 

Race/Ethnicity   

  Non-Hispanic White Reference  

  Non-Hispanic Black 0.099 (0.010 - 0.718) 0.029 

  Hispanic or Latino 0.473 (0.071 - 3.120) 0.427 

Sex   

  Female Reference  

  Male 0.453 (0.065 - 2.870) 0.401 

BMI 1.040 (0.944 - 1.150) 0.474 

Dyspnea   

  Mild Reference  

 Moderate to severe 0.333 (0.034 - 2.170) 0.284 

Pulmonary Restriction   

  Normal lung function or mild Reference  

  Moderate to severe 5.330 (0.891 - 47.100) 0.091 

Hospitalization Status   

  Not Hospitalized Reference  

  Hospitalized 1.040 (0.212 - 5.130) 0.957 

Multimorbidity   

  < 2 comorbid conditions Reference  

  ≥ 2 comorbid conditions 0.171 (0.023 - 0.975) 0.058 

Abbreviations: BMI – body mass index 
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FIGURE 3.3 MINIMAL CLINICALLY IMPORTANT DIFFERENCE IN 6-MINUTE WALKING 

DISTANCE AT 108 METERS BY RACE AND ETHNICITY (P = 0.029) 
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CHAPTER 4 

Long COVID and Social Determinants of Health on Pulmonary Rehabilitation, Hospital 

Readmissions and Mortality 

 

Specific Aim 3 

 

To investigate the impact of socioeconomic disparities on participation in pulmonary 

rehabilitation and morbidity of Long COVID patients. 

Hypothesis 3a. Long COVID patients with socioeconomic disparities are less likely to 

participate in pulmonary rehabilitation programs compared to patients without socioeconomic 

disparities. 

Hypothesis 3b. Long COVID patients with socioeconomic disparities will have a lower 

likelihood of outpatient resources following Long COVID compared to patients without 

socioeconomic disparities, due to limited access to post-discharge care and resources. 

Hypothesis 3c. Long COVID patients with socioeconomic disparities will exhibit a 

higher frequency of emergency room visits compared to those with without socioeconomic 

disparities, as socioeconomic barriers may hinder access to timely primary care and disease 

management resources, leading to exacerbations and complications. 

Hypothesis 3d. Long COVID patients with socioeconomic disparities will have a higher 

rate of inpatient hospital admissions compared to those without socioeconomic disparities, 

potentially due to barriers in accessing preventive care and disease management resources. 
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METHODS 

 

Data Source 

Data were collected in February 2024 from the TriNetX Global Collaborative Network, 

which provided access to electronic health records (diagnoses, procedures, medications, 

laboratory values, genomic information) from approximately 90 million patients from 73 

healthcare organizations. TriNetX, LLC complies with the Health Insurance Portability and 

Accountability Act (HIPAA), the US federal law protecting health care data's privacy and 

security, and any additional data privacy regulations applicable to the contributing healthcare 

organization (HCO). TriNetX is certified to the International Organization for Standardization 

(ISO) 27001:2013 standard and maintains an information security management system to ensure 

the protection of the healthcare data to which it has access and to meet the requirements of the 

HIPAA security rule. Any data displayed on the TriNetX platform in aggregate form or any 

patient-level data provided in a data set generated by the TriNetX platform only contains 

deidentified data, as per the deidentification standard defined in Section §164.514(a) of the 

HIPAA privacy rule. The process by which the data is deidentified is certified through a formal 

determination by a qualified expert as defined in Section §164.514(b)(1) of the HIPAA privacy 

rule. Because only deidentified patient records were used in this study and the study did not 

involve collecting, using, or transmitting individually identifiable data, this study did not require 

institutional review board approval. (Arranz-Herrero, 2023) 

 

Measures 

Outcome Variables 
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PULMONARY REHABILITATION PARTICIPATION 

    Pulmonary rehabilitation participation was defined by the following code set shown 

in Table 4.1a. 

TABLE 4.1A  CODE SETS FOR OUTCOME VARIABLES - PULMONARY REHABILITATION 

PARTICIPATION 

Description Code 
Standardized 

Vocabulary 

pulmonary rehabilitation UMLS:SNOMED:15081005 SNOMED 

pulmonary rehabilitation program, non-

physician provider, per diem 
UMLS:HCPCS:S9473 HCPCS 

physician or other qualified health care 

professional services for outpatient pulmonary 

rehabilitation; without continuous oximetry 

monitoring (per session) 

UMLS:CPT:94625 CPT 

physician or other qualified health care 

professional services for outpatient pulmonary 

rehabilitation; with continuous oximetry 

monitoring (per session) 

UMLS:CPT:94626 CPT 

pulmonary diagnostic testing, rehabilitation, 

and therapies 
UMLS:CPT:1015099 CPT 

physician or other qualified health care 

professional services for outpatient pulmonary 

rehabilitation 

UMLS:CPT:1036835 CPT 

Abbreviations: CPT - Current Procedural Terminology; HCPCS - Healthcare Common Procedure Coding System; 

SNOMED - Systematized Nomenclature of Medicine Clinical Terms 

 

 

MORBIDITY  

Morbidity was defined by hospital visits, emergency room visits and inpatient hospital stays 

using the following code sets shown in Table 4.1b. Figure 4.1 is a Venn diagram to illustrate that 

the cohorts of morbidity, including hospital visit, ER visit, and inpatient hospital stay could 
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overlap with one another, indicating that a single hospital visit could involve an ER visit, an 

inpatient hospital stay, or both. 

TABLE 4.1B CODE SETS FOR  OUTCOME VARIABLES ON MORBIDITY 

Variable Description Code 
Standardized 

Vocabulary 

Hospital Visit visit TNX:Visit TNX 

Emergency Room 

Visit 

visit: 

emergency 
UMLS:HL7V3.0:VisitType:EMER UMLS 

Inpatient Hospital 

Stay 

visit: inpatient 

encounter 
UMLS:HL7V3.0:VisitType:IMP UMLS 

Abbreviations: TNX – TriNetX coding; ULMS - Unified Medical Language System 

 

FIGURE 4.1 VENN DIAGRAM OF OUTCOME VARIABLES - MORBIDITY 

 

 

 

 

 

 

 

 

 

Independent Variables 

LONG COVID AND SOCIOECONOMIC DISPARITIES 

   Long COVID and socioeconomic disparities were defined by the following code sets shown 

in Table 4.2a. 

Inpatient Hospital Stay Emergency Room Visit 

Hospital Visit 
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TABLE 4.2A CODE SETS FOR  INDEPENDENT VARIABLES - LONG COVID AND 

SOCIOECONOMIC DISPARITIES  

Variable Description Code 
Standardized 

Vocabulary 

Long COVID    

 post COVID-19 condition UMLS:ICD10CM:U09 ICD10 

 
post COVID-19 condition, 

unspecified 
UMLS:ICD10CM:U09.9 ICD10 

Socioeconomic 

Disparities 
   

 
encounter for counseling for 

socioeconomic factors 
UMLS:ICD10CM:Z71.88 ICD10 

 extreme poverty  UMLS:ICD10CM:Z59.5 ICD10 

 

other problems related to 

housing and economic 

circumstances 

UMLS:ICD10CM:Z59.89 ICD10 

 

problem related to housing and 

economic circumstances, 

unspecified 

UMLS:ICD10CM:Z59.9 ICD10 

 transportation insecurity UMLS:ICD10CM:Z59.82 ICD10 

 Food insecurity UMLS:ICD10CM:Z59.41 ICD10 

 financial insecurity UMLS:ICD10CM:Z59.86 ICD10 

 
problems related to housing and 

economic circumstances 
UMLS:ICD10CM:Z59 ICD10 

 

other problems related to 

housing and economic 

circumstances 

UMLS:ICD10CM:Z59.8 ICD10 

 

persons with potential health 

hazards related to 

socioeconomic and 

psychosocial circumstances 

UMLS:ICD10CM:Z55-Z65 ICD10 

Abbreviations: ICD10 - International Classification of Diseases, Tenth Revision 

DIAGNOSIS AND MEDICATION USAGE 

 Diagnosis and medication usage were defined by the following code sets shown in 

Table 4.2b.  
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TABLE 4.2B CODE SETS FOR  INDEPENDENT VARIABLES – DIAGNOSIS AND MEDICATION 

USAGE 

Variable Description Code 
Standardized 

Vocabulary 

Diagnosis    

 
factors influencing health status 

and contact with health services 
Z00-Z99 ICD10 

 
overweight, obesity and other 

hyperalimentation 
E65-E68 ICD10 

 diabetes mellitus E08-E13 ICD10 

 asthma J45 ICD10 

 
other chronic obstructive 

pulmonary disease 
J44 ICD10 

 other respiratory disorders J98 ICD10 

 
other diseases of the respiratory 

system 
J96-J99 ICD10 

Medication Usage    

 antiasthma/bronchodilators RE100 ICD10 

 dexamethasone 3264 ICD10 

 remdesivir 2284718 ICD10 

Abbreviations: ICD10 - International Classification of Diseases, Tenth Revision 
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Covariates 

SOCIO-DEMOGRAPHICS  

Socio-demographics included were age, sex, race and ethnicity, and were defined by the 

following code sets shown in Table 4.3. 

TABLE 4.3 CODE SETS FOR SOCIO-DEMOGRAPHICS 

Variable Description Code 
Standardized 

Vocabulary 

Age    

 age at index 49042-0 LOINC 

Sex    

 male 76690-7 LOINC 

 female 76689-9 LOINC 

Race    

 White 2106-3 LOINC 

 Black or African American 2054-5 LOINC 

 Asian  2028-9 LOINC 

 Other Race 2131-1 LOINC 

Ethnicity    

 Hispanic or Latino 2135-2 LOINC 

 Not Hispanic or Latino 2186-5 LOINC 

Abbreviations: LOINC - Logical Observation Identifiers Names and Codes 
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Cohort Definition 

Two cohorts were defined for this analysis: Long COVID with Socioeconomic 

Disparities and Long COVID without Socioeconomic Disparities. 

Long COVID with Socioeconomic Disparities included patients who met the following 

criteria. At least age 18 years or older at the time of the event, a positive diagnosis of Post 

COVID-19 condition, as well as the occurrence of any socioeconomic disparity issues within 5 

years before or up to 5 years after the first instance of Long COVID. The specific diagnoses 

related to socioeconomic factors, were, extreme poverty, housing and economic circumstances, 

transportation insecurity, food insecurity, financial insecurity, and other related issues. 

Long COVID without Socioeconomic Disparities included patients who met the following 

criteria. At least age 18 years or older at the time of the event, a positive diagnosis of Post 

COVID-19 condition, with no occurrence of socioeconomic disparities within 5 years before or 

up to 5 years after the first instance of Long COVID. The specific diagnoses related to 

socioeconomic factors that were excluded were, extreme poverty, housing and economic 

circumstances, transportation insecurity, food insecurity, financial insecurity, and other related 

issues. 

Patients were excluded from the study if they had cancer, defined by a positive diagnosis 

of Neoplasms (UMLS:ICD10CM:C00-D49) in the TriNetX database. This exclusion was 

implemented to ensure that the study focused specifically on outcomes related to Long COVID 

and PR, without the potential confounding effects of cancer and its treatments. Cancer patients 

often have unique health considerations and may undergo treatments that could significantly 

impact their health status and outcomes, making it important to study Long COVID outcomes in 

a more homogenous population. 
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Propensity Score Matching 

Propensity score matching was performed on all listed characteristics, including 

diagnosis, medication use, and socio-demographics, to balance the cohorts.  

 

Statistical Analysis 

Analysis Setup 

We exclusively utilized statistical packages available within the TriNetX version 9.0 

database for propensity score matching and cohort balancing, leveraging the platform's integrated 

tools for comprehensive data analysis.  

The analysis process included defining the index event and outcomes criteria and setting 

up and running the analysis. The index event for each patient was defined as the first instance of 

meeting the criteria for Long COVID. The outcomes were analyzed within a time window 

starting one day after the index event and ending 1095 days after the index event. 

The index event for Long COVID patients with socioeconomic disparities was defined as when 

the following terms in this group occurred at any time. Patients had to have (1) Post COVID-19 

condition (at least 18 years old at the time of the event); or (2) Post COVID-19 condition, 

unspecified (at least 18 years old at the time of the event). 

They also had to have any instance of a socioeconomic disparity that occurred within five years 

before or up to 5 years after the first instance of Long COVID.  

 

Analyses Specifications IN TRINETX 

The Compare Outcomes Analytic TriNetX function, supports four types of analyses: 

Measure of Association, Survival, Number of Instances, and Lab result distribution. The first 
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three analyses support the "exclude patients with outcomes prior to the window" setting. This 

option can exclude patients from the analysis if they are not at risk for an outcome (e.g. if the 

outcome is a chronic disease). When "exclude patients with the outcome prior to the time 

window" is not checked, all patients in the cohort are included in the analysis, regardless of 

whether they had the outcome prior to the time window. When "exclude patients with the 

outcome prior to the time window" is checked, patients are excluded from the analysis if their 

record includes the outcome prior to the beginning of the time window. This selection will 

exclude all patients with the outcome prior to the index event. If the start of the time window for 

the analysis falls some days after the index event, patients will also be excluded if they have the 

outcome between the index event and the start of the time window. 

 

Measure of Association Analysis  in TriNetX 

The Measure of Association Analysis TriNetX function, calculates and compares the 

fraction of patients with the selected outcome.  The output summary includes: Patients in each 

Cohort (count of patients meeting query criteria); Patients with Outcome in each Cohort (of the 

patients in the cohort, count of patients that had the outcome in the time window); and Risk (the 

fraction of patients in the cohort that have the outcome in the time window, i.e. Patients with 

Outcome / Patients in Cohort).  In addition, Risk Difference (the difference in the risks in Cohort 

1 and Cohort 2), Risk Ratio (the ratio of the risks in Cohort 1 and Cohort 2), and Odds Ratio (the 

ratio of the odds in Cohort 1 and Cohort 2). The bar chart shows the risk of the outcome for both 

cohorts. 
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Survival Analysis in TriNetX 

The Kaplan-Meier Analysis TriNetX function, estimates probability of the outcome at a 

respective time interval (daily time interval is used in this analysis). In order to account for the 

patients who exited the cohort during the analysis period, and therefore should not be included in 

the analysis, censoring is applied.  In this analysis, patients are removed from the analysis 

(censored) after the last fact in their record.  

The output summary includes: Patients in each Cohort (count of patients meeting query criteria); 

Patients with Outcome (of the patients in the cohort, count of patients that had the outcome in the 

time window); Median Survival (the number of days when the survival drops below 50%; the “-” 

indicates that survival does not drop below 50% during the time window); and Survival 

Probability at End of Time Window (the % survival at the end of the time window).  In addition, 

Log-Rank test, Hazard Ratio and test for Proportionality.  

 

Number of Instances Analysis  in TriNetX 

The Number of Instances Analysis calculates how many times the outcome occurred in 

the time window. The output summary includes: Patients in Cohort (count of patients meeting 

query criteria); Patients with Outcome (of the patients in the cohort, count of patients that had the 

outcome in the time window); Mean (mean of the counts); Standard Deviation (standard 

deviation of the counts); Median (median of the counts); and Median (1+ instances) when 

patients with zero instances included in the analysis.  In addition, T-Test statistics testing for the 

difference between the cohorts is included. 
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RESULTS 

 

Before propensity score matching, the cohort of Long COVID patients with 

socioeconomic disparities consisted of 4,396 patients, while the cohort without disparities 

consisted of 59,487 patients. After matching, both cohorts were reduced to 4,388 patients each. 

Propensity Score Density Function: The propensity score density function before and 

after matching showed a shift in the distribution for both groups. Before matching, the density 

function for Long COVID patients with socioeconomic disparities was more spread out 

compared to Long COVID patients without socioeconomic disparities. After matching, the 

density functions became more aligned, indicating better balance between the two groups. 

Characteristics Before Propensity Score Matching: Before matching, the two groups 

differed in several demographic and diagnostic characteristics. Long COVID patients with 

socioeconomic disparities were slightly younger (mean age 49.4 ± 16.4 years) compared to those 

without disparities (mean age 50.2 ± 16.6 years). The distribution of race and ethnicity also 

differed, with the disparity group having higher proportions of Black or African American, 

Hispanic or Latino, and Asian subjects compared to the non-disparity group. 

In terms of diagnosis, the disparity group had higher proportions of various health conditions, 

including factors influencing health status and contact with health services, overweight, obesity, 

diabetes mellitus, asthma, other chronic obstructive pulmonary disease, other respiratory 

disorders, and other diseases of the respiratory system compared to the non-disparity group. 

Characteristics After Propensity Score Matching: After propensity score matching, 

the demographic and diagnostic characteristics between the two groups were more balanced. The 

mean age, sex distribution, and racial and ethnic composition were similar between the two 
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groups. The proportions of various health conditions were also comparable after matching, 

indicating improved balance between the groups. Table 4.4 presents the patient count for the 

Long COVID sample analyzed within our study before and after propensity score matching. 

Figure 4.2 illustrates the propensity score density function - before and after matching for each 

cohort (with or without socioeconomic disparities). Table 4.5A presents the baseline 

characteristics for each cohort before propensity score matching. Table 4.5B presents each 

cohorts’ baseline characteristics after propensity score matching. 

TABLE 4.4 COHORT 1 (LONG COVID PATIENTS WITH SOCIOECONOMIC DISPARITIES) AND 

COHORT 2 (LONG COVID PATIENTS WITHOUT SOCIOECONOMIC DISPARITIES) PATIENT 

COUNT BEFORE AND AFTER PROPENSITY SCORE MATCHING 

 Cohort Patient count before matching Patient count after 

matching 

1 Long COVID w SES 

disparities 

4,396 4,388 

2 Long COVID w/o SES 

disparities 

 

59,487 4,388 

FIGURE 4.2 PROPENSITY SCORE DENSITY FUNCTION – BEFORE (A) AND AFTER (B) 

MATCHING (LONG COVID WITH SES DISPARITIES - PURPLE, LONG COVID W/O SES 

DISPARITIES - GREEN) 

  

  
 

 

A B 
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TABLE 4.5A COHORT 1 (N = 4,396) AND COHORT 2 (N = 59,487)  BASELINE 

CHARACTERISTICS BEFORE PROPENSITY SCORE MATCHING 

 Demographics 

  
Cohort  Mean    SD Patients 

% of 

Cohort 
p-value 

Std 

diff. 

  1 

2 
AI Age at Index 

49.4 ± 16.4 

50.2 ± 16.6 

4,396 

59,486 

100% 

100% 
0.003 0.047 

  1 

2 
2106-3 White 

 

 

2,929 

40,455 

66.6% 

68.0% 
0.059 0.029 

  1 

2 
F Female 

 

 

2,857 

36,584 

65.0% 

61.5% 
<0.001 0.072 

  1 

2 
2186-5 

Not Hispanic or 

Latino 

 

 

3,387 

40,427 

77.0% 

68.0% 
<0.001 0.205 

  1 

2 
2135-2 Hispanic or Latino 

 

 

470 

4,642 

10.7% 

7.8% 
<0.001 0.100 

  1 

2 
2054-5 

Black or African 

American 

 

 

661 

5,598 

15.0% 

9.4% 
<0.001 0.172 

  1 

2 
M Male 

 

 

1,520 

22,417 

34.6% 

37.7% 
<0.001 0.065 

  1 

2 
2131-1 Other Race 

 

 

168 

2,540 

3.8% 

4.3% 
0.155 0.023 

  1 

2 
2028-9 Asian 
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2,353 

2.5% 

4.0% 
<0.001 0.084 

 

 Diagnosis 

  
Cohort   Patients 

% of 

Cohort 
p-value 

Std 

diff. 

  

1 

2 

Z00-

Z99 

Factors influencing 

health status and 

contact with health 

services 

 

 

3,530 

24,406 

80.3% 

41.0% 
<0.001 0.878 

  
1 

2 

E65-

E68 

Overweight, 

obesity and other 

hyperalimentation 

 

 

981 

5,855 

22.3% 

9.8% 
<0.001 0.345 

  1 

2 

E08-

E13 
Diabetes mellitus 

 

 

930 

5,668 

21.2% 

9.5% 
<0.001 0.327 

  1 

2 
J45 Asthma 

 

 

677 

4,512 

15.4% 

7.6% 
<0.001 0.247 
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1 

2 
J44 

Other chronic 

obstructive 

pulmonary disease 

 

 

348 

1,859 

7.9% 

3.1% 
<0.001 0.211 

  1 

2 
J98 

Other respiratory 

disorders 

 

 

454 

2,084 

10.3% 

3.5% 
<0.001 0.271 

  
1 

2 

J96-

J99 

Other diseases of 

the respiratory 

system 

 

 

802 

4,915 

18.2% 

8.3% 
<0.001 0.298 

 Medication 

  
Cohort   Patients 

% of 

Cohort 
p-value 

Std 

diff. 

  1 

2 
RE100 

Antiasthma/ 

Bronchodilators 

 

 

1,829 

15,656 

41.6% 

26.3% 
<0.001 0.327 

  1 

2 
3264 Dexamethasone 

 

 

659 

5,491 

15.0% 

9.2% 
<0.001 0.177 

  1 

2 

22847

18 
Remdesivir 

 

 

276 

1,984 

6.3% 

3.3% 
<0.001 0.138 
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TABLE 4.5B COHORT 1 (N = 4,388) AND COHORT 2 (N = 4,388)  BASELINE CHARACTERISTICS 

AFTER PROPENSITY SCORE MATCHING 

 Demographics 

  
Cohort  Mean    SD Patients 

% of 

Cohort 
p-value 

Std 

diff. 

  1 

2 
AI Age at Index 

49.4 ± 16.4 

49.7 ± 16.4 

4,388 

4,388 

100% 

100% 
0.373 0.019 

  1 

2 
2106-3 White 

 

 

2,928 

2,980 

66.7% 

67.9% 
0.237 0.025 

  1 

2 
F Female 

 

 

2,851 

2,857 

65.0% 

65.1% 
0.893 0.003 

  1 

2 
2186-5 

Not Hispanic or 

Latino 

 

 

3,380 

3,523 

77.0% 

80.3% 
<0.001 0.080 

  1 

2 
2135-2 Hispanic or Latino 

 

 

469 

433 

10.7% 

9.9% 
0.206 0.027 

  1 

2 
2054-5 

Black or African 

American 

 

 

655 

687 

14.9% 

15.7% 
0.343 0.020 

  1 

2 
M Male 

 

 

1,518 

1,515 

34.6% 

34.5% 
0.946 0.001 

  1 

2 
2131-1 Other Race 

 

 

168 

147 

3.8% 

3.4% 
0.228 0.026 

  1 

2 
2028-9 Asian 
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2.5% 

2.3% 
0.483 0.015 

 Diagnosis 

  
Cohort  Mean    SD Patients 

% of 

Cohort 
p-value 

Std 

diff. 

  

1 

2 

Z00-

Z99 

Factors influencing 

health status and 

contact with health 

services 

 

 

3,522 

3,514 

80.3% 

80.1% 
0.830 0.005 

  
1 

2 

E65-

E68 

Overweight, 

obesity and other 

hyperalimentation 

 

 

974 

923 

22.2% 

21.0% 
0.186 0.028 

  1 

2 

E08-

E13 
Diabetes mellitus 

 

 

922 

895 

21.0% 

20.4% 
0.477 0.015 

  1 

2 
J45 Asthma 

 

 

672 

701 

15.3% 

16.0% 
0.394 0.018 
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1 

2 
J44 

Other chronic 

obstructive 

pulmonary disease 

 

 

342 

326 

7.8% 

7.4% 
0.520 0.014 

  1 

2 
J98 

Other respiratory 

disorders 

 

 

446 

401 

10.2% 

9.1% 
0.104 0.035 

  
1 

2 

J96-

J99 

Other diseases of 

the respiratory 

system 

 

 

794 

726 

18.1% 

16.5% 
0.055 0.041 

 Medication 

  
Cohort  Mean    SD Patients 

% of 

Cohort 
p-value 

Std 

diff. 

  1 

2 
RE100 

Antiasthma/ 

Bronchodilators 

 

 

1,821 

1,776 

41.5% 

40.5% 
0.329 0.021 

  1 

2 
3264 Dexamethasone 

 

 

655 

585 

14.9% 

13.3% 
0.032 0.046 

  1 

2 

22847

18 
Remdesivir 

 

 

274 

230 

6.2% 

5.2% 
0.044 0.043 
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Pulmonary Rehabilitation  

Pulmonary rehabilitation participation indicates that a patient went to pulmonary 

rehabilitation at least on one occasion. Table 4.6 presents the results of participation in 

pulmonary rehabilitation of Long COVID patients with and without socioeconomic disparities. 

Risk Analysis: In the risk analysis for pulmonary rehabilitation, Long COVID patients 

with socioeconomic disparities had 4,388 patients, of which 952 had the outcome of interest, 

resulting in a risk of 0.217. Long COVID patients without socioeconomic disparities also had 

4,388 patients, with 886 experiencing the outcome, resulting in a risk of 0.202. The risk 

difference between the two cohorts was 0.015 (95% CI -0.002 to 0.032), with a risk ratio of 

1.074 (95% CI 0.991 to 1.166) and an odds ratio of 1.095 (95% CI 0.988 to 1.214). While the 

risk difference was not statistically significant (p = 0.083), there may be a trend toward higher 

risk in the socioeconomic disparity group. Table 4.6a presents the risk analysis results comparing 

the participation in pulmonary rehabilitation (PR) across Long COVID patients with 

socioeconomic disparities and those without socioeconomic disparities. Figure 4.3a illustrates the 

risk of pulmonary rehabilitation visits of Long COVID patients with and without socioeconomic 

disparities.  

Kaplan-Meier Analysis: Both cohorts had 4,388 patients, with 952 Long COVID 

patients with socioeconomic disparities and 886 Long COVID patients without socioeconomic 

disparities experiencing the outcome. The median survival time was not calculable, but the 

probability of not experiencing the outcome (PR) by the end of the study period is 66.80% for 

patients with socioeconomic disparities and 67.39% for patients without socioeconomic 

disparities. These findings suggest a slightly lower probability of PR in the group with 

socioeconomic disparities, but the difference is minimal. The log rank compares the curves of the 
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groups. The test statistic is χ2 = 3.332 with 1 degree of freedom and a p-value of 0.068. This p-

value suggests no statistically significant difference in the PR outcomes between the two cohorts, 

although it is close to the significance level of 0.05. The hazard ratio (HR) measures how quickly 

participation in PR is likely to happen in one group compared to another. The HR was 1.089 

(95% CI 0.994 to 1.193), with no evidence of a significant difference in hazard between the two 

groups (p = 0.201).Table 4.6b presents the Kaplan-Meier analysis results comparing the 

outcomes of participating in pulmonary rehabilitation (PR) of Long COVID patients with and 

without socioeconomic disparities. Figure 4.3b illustrates the Kaplan-Meier curve of pulmonary 

rehabilitation visits of Long COVID patients with and without socioeconomic disparities.  

Number of Instances Analysis: For Long COVID patients with socioeconomic 

disparities, the mean number of PR instances is 4.881, with a standard deviation of 11.088. This 

finding means that, on average, patients in this group underwent PR about 4.881 times, but the 

variation is relatively high. Meanwhile, the mean number of PR instances for patients without 

socioeconomic disparities is 4.030, with a standard deviation of 7.545. 

Similarly, on average, patients without socioeconomic disparities underwent PR about 

4.030 times, with less variation than those with socioeconomic disparities. The median number 

of PR instances for patients with socioeconomic disparities is 2, indicating that half of the 

patients in this group underwent PR twice or fewer times. The median number of PR instances 

for the patients without socioeconomic disparities is 1, indicating that half of the patients in this 

group underwent PR once or twice. The t-test statistic is 1.909 with 1836 degrees of freedom and 

a p-value of 0.056.  

Table 4.6c presents the number of instances of pulmonary rehabilitation (PR) of Long 

COVID patients with and without socioeconomic disparities. Figure 4.3c illustrates a histogram 
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of the number of pulmonary rehabilitation visits of Long COVID patients with and without 

socioeconomic disparities.  
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TABLE 4.6 PARTICIPATION IN PULMONARY REHABILITATION OF LONG COVID PATIENTS 

WITH AND WITHOUT SOCIOECONOMIC DISPARITIES. 

 TABLE 4.6A RISK ANALYSIS RESULTS COMPARING THE PARTICIPATION IN PULMONARY 

REHABILITATION ACROSS LONG COVID PATIENTS WITH SOCIOECONOMIC DISPARITIES 

AND THOSE WITHOUT SOCIOECONOMIC DISPARITIES 

  
Cohort 

Patients in 

cohort 

Patients with 

outcome 
Risk 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 952 0.217 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 886 0.202 

 

    95% CI z p   

  Risk Difference 0.015 (-0.002, 0.032) 1.731 0.083   

  Risk Ratio 1.074 (0.991, 1.166) N/A N/A   

  Odds Ratio 1.095 (0.988, 1.214) N/A N/A   

FIGURE 4.3A RISK OF PULMONARY REHABILITATION PARTICIPATION ACROSS LONG COVID 

PATIENTS WITH (PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 
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TABLE 4.6B KAPLAN-MEIER ANALYSIS RESULTS COMPARING THE OUTCOMES OF 

PARTICIPATING IN PULMONARY REHABILITATION OF LONG COVID PATIENTS WITH AND 

WITHOUT SOCIOECONOMIC DISPARITIES 

  
Cohort 

Patients in 

cohort 

Patients with 

outcome 

Median  

(days) 

Probability at end of 

time window 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 952 -- 66.80% 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 886 -- 67.39% 

 

   χ2 df p    

  Log-Rank Test 3.332 1 0.068    

 

 

   Hazard Ratio 95% CI χ2 df p 

  Hazard Ratio and 

Proportionality 
1.089 (0.994, 1.193) 1.633 1 0.201 

FIGURE 4.3B: KAPLAN-MEIER CURVE ON PULMONARY REHABILITATION PARTICIPATION 

ACROSS LONG COVID PATIENTS WITH (PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC 

DISPARITIES  
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TABLE 4.6C NUMBER OF INSTANCES OF PULMONARY REHABILITATION OF LONG COVID 

PATIENTS WITH AND WITHOUT SOCIOECONOMIC DISPARITIES 

  
Cohort 

Patients in 

cohort 

Patients with 

outcome 
Mean SD Median 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 952 4.881 11.088 2 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 886 4.030 7.545 1 

 

   t df p    

  Test Statistics 1.909 1836 0.056    

 

 

 

FIGURE 4.3C: NUMBER OF INSTANCES OF PULMONARY REHABILITATION PARTICIPATION 

ACROSS LONG COVID PATIENTS WITH (PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC 

DISPARITIES 

  

 

  10 data points for Cohort 1 and 4 data points for Cohort 2 were omitted for display 

purposes. 
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Hospital Visits 

Hospital visits indicate that patients presented themselves at the hospital. Table 4.7 

presents the results of hospital visits of Long COVID patients with and without socioeconomic 

disparities. 

Risk Analysis: The risk difference between the two cohorts is 0.022, which means that 

the absolute difference in the proportion of patients with hospital visits between the two groups 

is 2.2 percentage points. The risk ratio has a value of 1.023 for Long COVID patients with 

socioeconomic disparities, meaning that the risk of hospital visits is 2.3% higher in Long COVID 

patients with socioeconomic disparities than those without socioeconomic disparities. The odds 

ratio is 1.507, meaning that the odds of hospital visits are 50.7% higher for Long COVID 

patients with socioeconomic disparities than those without socioeconomic disparities. All values 

were statistically significant, indicating a higher risk of hospital visits in Long COVID patients 

with socioeconomic disparities. Table 4.7a presents the risk analysis results comparing the 

hospital visits of Long COVID patients with and without socioeconomic disparities. Figure 4.4a 

illustrates the risk of hospital visits of Long COVID patients with and without socioeconomic 

disparities. 

Kaplan-Meier Survival Analysis: For Long COVID patients with socioeconomic 

disparities, the median time to hospital visit was seven days. This finding means that half of the 

patients in this group experienced a hospital visit within seven days. For those without 

socioeconomic disparities, the median time to hospital visit was ten days, indicating that half 

experienced a hospital visit within ten days. The probability of not experiencing a hospital visit 

by the end of the study period is 0.00% for both cohorts, suggesting that all patients in both 
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groups experienced a hospital visit within three years. The log-rank test statistic is χ2 = 76.226 

with 1 degree of freedom and a p-value of <0.001, indicating a significant difference in the time 

to a hospital visit between Long COVID patients with and without socioeconomic disparities. A 

hazard ratio (HR) of 1.208 (95% CI 1.157, 1.261) suggests that, on average, the risk of 

experiencing a hospital visit is 20.8% higher in the group with socioeconomic disparities than in 

the group without. Table 4.7b presents the Kaplan-Meier analysis comparing the outcomes of 

hospital visits of Long COVID patients, with and without socioeconomic disparities. Figure 4.4b 

illustrates a Kaplan-Meier curve of hospital visits of Long COVID patients with and without 

socioeconomic disparities. 

Number of Instances Analysis: Long COVID patients with socioeconomic disparities 

had a mean number of hospital visits of 33.091 ± 43.967, meaning, on average, patients in this 

group had about 33 hospital visits, but there is a wide variation in the number of visits. The mean 

number of hospital visits for patients without socioeconomic disparities is 25.589 ± 33.254. 

Similarly, on average, these patients had about 26 hospital visits, with less variation. The median 

number of hospital visits for those with socioeconomic disparities was 17, indicating that half of 

this group had 17 or fewer hospital visits. Meanwhile, the median number of hospital visits for 

patients without socioeconomic disparities is 14, indicating that half of this group had 14 or 

fewer hospital visits. The t-test statistic is 8.739 with 8272 degrees of freedom and a p-value of 

<0.001, suggesting a significantly higher number of hospital visits on average for Long COVID 

with socioeconomic disparities than those without. Table 4.7c presents the number of hospital 

visits of Long COVID patients with and without socioeconomic disparities. Figure 4.4c 

illustrates a histogram of the number of instances of hospital visits across Long COVID Patients 

with (Purple) and without (Green) Socioeconomic Disparities. 
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TABLE 4.7 HOSPITAL VISITS 

 
TABLE 4.7A RISK ANALYSIS RESULTS COMPARING HOSPITAL VISITS ACROSS LONG 

COVID PATIENTS WITH SOCIOECONOMIC DISPARITIES AND THOSE WITHOUT 

SOCIOECONOMIC DISPARITIES 

  
Cohort 

Patients in 

cohort 

Patients with 

outcome 
Risk 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 4,185 0.954 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 4,089 0.932 

 

    95% CI z p   

  Risk Difference 0.022 (0.012, 0.032) 4.413 < 0.001   

  Risk Ratio 1.023 (1.013, 1.034) N/A N/A   

  Odds Ratio 1.507 (1.255, 1.811) N/A N/A   

FIGURE 4.4A RISK OF HOSPITAL VISITS ACROSS LONG COVID PATIENTS WITH (PURPLE) 

AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 
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 TABLE 4.7B KAPLAN-MEIER ANALYSIS RESULTS COMPARING THE OUTCOMES OF A 

HOSPITAL VISIT OF LONG COVID PATIENTS WITH AND WITHOUT SOCIOECONOMIC 

DISPARITIES 

  
Cohort 

Patients in 

cohort 

Patients with 

outcome 

Median  

(days) 

Probability at end of time 

window 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 4,185 7 0.00% 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 4,089 10 0.00% 

 

   χ2 df p    

  Log-Rank Test 76.226 1 < 0.001    

 

   Hazard 

Ratio 
95% CI χ2 df p 

  Hazard Ratio 

and 

Proportionality 

1.208 (1.157, 1.261) 5.237 1 0.022 

 

FIGURE 4.4B KAPLAN-MEIER CURVE ON HOSPITAL VISITS ACROSS LONG COVID PATIENTS 

WITH (PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 
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 TABLE 4.7C NUMBER OF INSTANCES OF HOSPITAL VISITS OF LONG COVID PATIENTS 

WITH AND WITHOUT SOCIOECONOMIC DISPARITIES 

  
Cohort 

Patients in 

cohort 

Patients with 

outcome 
Mean SD Median 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 4,185 33.091 43.967 17 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 4,089 25.589 33.254 14 

 

   t df p    

  Test Statistics 8.739 8272 < 0.001    

 

 

FIGURE 4.4C NUMBER OF INSTANCES OF HOSPITAL VISITS ACROSS LONG COVID PATIENTS 

WITH (PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 

  

 

  38 data points for Cohort 1 and 15 data points for Cohort 2 were omitted for display 

purposes. 
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Emergency Room Visits  

Emergency room visit indicates that a patient presented themselves to an emergency 

room at some point in time. Table 4.8 presents the results of emergency room (ER) visits of 

Long COVID patients with and without socioeconomic disparities. 

Risk Analysis: The risk difference between the two cohorts is 0.070 (95% CI 0.051, 

0.088), which means that the absolute difference in the proportion of patients with ER visits 

between the groups is 7.0. The risk ratio has a value of 1.294 (95% CI 1.207, 1.386), which 

means that the risk of ER visits is 29.4% higher in the group with socioeconomic disparities than 

in the group without. The odds ratio is 1.424 (95% CI 1.295, 1.565), meaning the odds of ER 

visits are 42.4% higher in Long COVID patients with socioeconomic disparities than those 

without. Table 4.8a presents the risk analysis results comparing the ER visits of Long COVID 

patients with and without socioeconomic disparities. Figure 4.5a illustrates the risk of ER visits 

across Long COVID patients with and without socioeconomic disparities. 

Kaplan-Meier Survival Analysis: For Long COVID patients with socioeconomic 

disparities, the median time to an ER visit is 724 days, meaning that half of the patients 

experienced an ER visit within 724 days. For those without socioeconomic disparities, the 

median time to an ER visit is 953 days, indicating that half of the patients in this group 

experienced an ER visit within 953 days. The probability of not experiencing an ER visit by the 

end of the study period is 45.81% for patients with socioeconomic disparities and 49.79% for 

those without socioeconomic disparities. The test statistic is χ2 = 70.958 with 1 degree of 

freedom and a p-value of <0.001, indicating a significant difference in the time to an ER visit 

between Long COVID patients with and without socioeconomic disparities. An HR of 1.413 

(95% CI 1.304, 1.533) suggests that, on average, the risk of experiencing an ER visit is 41.3% 
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higher in the group with socioeconomic disparities than in the group without. Table 4.8b presents 

the Kaplan-Meier curve results comparing the outcomes of ER visits of Long COVID patients 

with and without socioeconomic disparities. Figure 4.5b illustrates the Kaplan-Meier curve for 

ER visits across Long COVID patients with and without socioeconomic disparities. 

Number of Instances Analysis: For Long COVID patients with socioeconomic 

disparities, the mean number of ER visits is 3.114 ± 4.546, meaning, on average, patients in this 

group had about 3.114 ER visits, with a relatively high variation in the number of visits. The 

mean number of ER visits for those without socioeconomic disparities is 2.321 ± 2.648. 

Similarly, on average, these patients had about 2.321 ER visits, with less variation. The median 

number of ER visits for Long COVID patients with socioeconomic disparities is two, indicating 

that half had two or fewer ER visits. Meanwhile, the median number of ER visits for Long 

COVID patients without socioeconomic disparities is one, indicating that half of this group had 

one or fewer ER visits. The t-test statistic is 5.012 with 2388 degrees of freedom and a p-value of 

<0.001. Table 4.8c presents the number of hospital visits of Long COVID patients with and 

without socioeconomic disparities. Figure 4.5c illustrates a histogram of the number of instances 

of ER visits across Long COVID patients with and without socioeconomic disparities. 
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TABLE 4.8 EMERGENCY ROOM VISITS 

 TABLE 4.8A  RISK ANALYSIS RESULTS COMPARING EMERGENCY ROOM VISITS ACROSS 

LONG COVID PATIENTS WITH AND WITHOUT SOCIOECONOMIC DISPARITIES 

  

Cohort 
Patients in 

cohort 

Patients 

with 

outcome 

Risk 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 1,348 0.307 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 1,042 0.237 

 

    95% CI z p   

  Risk Difference 
0.070 

(0.051, 

0.088) 
7.338 < 0.001   

  Risk Ratio 
1.294 

(1.207, 

1.386) 
N/A N/A   

  Odds Ratio 
1.424 

(1.295, 

1.565) 
N/A N/A   

FIGURE 4.5A RISK OF  EMERGENCY ROOM VISITS ACROSS LONG COVID PATIENTS WITH 

(PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 
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 TABLE 4.8B  KAPLAN-MEIER ANALYSIS RESULTS COMPARING THE OUTCOMES OF AN 

EMERGENCY ROOM VISIT OF LONG COVID PATIENTS WITH AND WITHOUT 

SOCIOECONOMIC DISPARITIES 

  

Cohort 
Patients in 

cohort 

Patients 

with 

outcome 

Median 

(days) 

Probability at end of time 

window 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 1,348 724 45.81% 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 1,042 953 49.79% 

 

   χ2 df p    

  Log-Rank Test 70.958 1 < 0.001    

 

   Hazard Ratio 95% CI χ2 df p 

  Hazard Ratio 

and 

Proportionality 

1.413 
(1.304, 

1.533) 
0.645 1 0.422 

FIGURE 4.5B KAPLAN-MEIER CURVE ON EMERGENCY ROOM VISITS ACROSS LONG COVID 

PATIENTS WITH (PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 
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 TABLE 4.8C  NUMBER OF INSTANCES OF EMERGENCY ROOM VISITS OF LONG COVID 

PATIENTS WITH AND WITHOUT SOCIOECONOMIC DISPARITIES 

  

Cohort 
Patients in 

cohort 

Patients 

with 

outcome 

Mean SD Median 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 1,348 3.114 4.546 2 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 1,042 2.321 2.648 1 

 

   t df p    

  Test Statistics 5.012 2388 < 0.001    

 FIGURE 4.5C NUMBER OF INSTANCES ON EMERGENCY ROOM VISITS ACROSS LONG COVID 

PATIENTS WITH (PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 

  

 

   

 

13 data points for Cohort 1 and 3 data points for Cohort 2 were omitted for display 

purposes. 
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Inpatient Hospital Visits 

Inpatient hospital visit indicates a patient stayed overnight at the hospital. Table 4.9 

presents the results of inpatient hospital visits of Long COVID patients with and without 

socioeconomic disparities. 

Risk Analysis: The risk difference between Long COVID patients with and without 

socioeconomic disparities is 0.074 (95% CI 0.056, 0.091), meaning the absolute difference in the 

proportion of patients with inpatient hospital visits between the two groups is 7.4 percentage 

points. A risk ratio value of 1.387 (95% CI 1.282, 1.500) means that the risk of inpatient hospital 

visits is 38.7% higher in Long COVID with socioeconomic disparities than those without. An 

odds ratio of 1.526 (95% CI 1.380, 1.688) means that the odds of inpatient hospital visits are 

52.6% higher for Long COVID patients with socioeconomic disparities than those without. All 

of these differences were statistically significant (p < 0.001). Table 4.9a presents the risk analysis 

results comparing the inpatient hospital visits of Long COVID patients with and without 

socioeconomic disparities. Figure 4.6a illustrates the risk of inpatient hospital visits across Long 

COVID Patients with and without socioeconomic disparities.  

Kaplan-Meier Survival Analysis: The median time for patients to experience an 

inpatient hospital visit had yet to be reached by the end of the study period. The probability of 

not experiencing an inpatient hospital visit by the end of the study period is 58.88% for Long 

COVID patients with socioeconomic disparities and 71.93% for those without socioeconomic 

disparities. This finding suggests that patients without socioeconomic disparities had a higher 

probability of avoiding an inpatient hospital visit by the end of the study period. The log-rank 

test statistic is χ2 = 73.854 with 1 degree of freedom and a p-value of <0.001, indicating a 

significant difference in the time to an inpatient hospital visit between Long COVID patients 
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with and without socioeconomic disparities. Granted, a hazard ratio of 1.471 (1.346, 1.608) 

suggests that, on average, the risk of experiencing an inpatient hospital visit is 47.1% higher in 

Long COVID patients with socioeconomic disparities than those without. However, there is no 

statistically significant difference. Table 4.9b presents the results of the Kaplan-Meier analysis, 

comparing the outcomes of inpatient hospital visits of Long COVID patients with and without 

socioeconomic disparities. Figure 4.6b illustrates the Kaplan-Meier curve on inpatient hospital 

visits across Long COVID Patients with and without socioeconomic disparities. 

Number of Instances Analysis: For Long COVID patients with socioeconomic 

disparities, the mean number of inpatient hospital visits is 6.064 ± 16.897, meaning, on average, 

patients with socioeconomic disparities had about 6.064 inpatient hospital visits, but there is a 

wide variation in the number of visits. The mean number of inpatient hospital visits for patients 

without socioeconomic disparities is 4.822 ± 7.290. Similarly, on average, this group had about 

4.822 inpatient hospital visits, with less variation. The median number of inpatient hospital visits 

for Long COVID patients with and without socioeconomic disparities is two, indicating that half 

of each group had two or fewer inpatient hospital visits. The t-test statistic of 1.997 with 1998 

degrees of freedom and a p-value of 0.046, suggests that there is a significant difference in the 

number of inpatient hospital visits between the two groups, with patients who have 

socioeconomic disparities having a higher number of inpatient hospital visits on average 

compared to those without socioeconomic disparities. Table 4.9c presents the number of 

inpatient hospital visits of Long COVID patients with and without socioeconomic disparities. 

Figure 4.6c illustrates a histogram of the number of instances of inpatient hospital visits across 

Long COVID patients with and without socioeconomic disparities.  
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TABLE 4.9 INPATIENT HOSPITAL VISITS 

 TABLE 4.9A RISK ANALYSIS RESULTS COMPARING INPATIENT HOSPITAL VISITS ACROSS LONG 

COVID PATIENTS WITH AND WITHOUT SOCIOECONOMIC DISPARITIES 

  
Cohort 

Patients in 

cohort 

Patients with 

outcome 
Risk 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 1,162 0.265 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 838 0.191 

 

    95% CI z p   

  Risk Difference 0.074 (0.056, 0.091) 8.245 < 0.001   

  Risk Ratio 1.387 (1.282, 1.500) N/A N/A   

  Odds Ratio 1.526 (1.380, 1.688) N/A N/A   

FIGURE 4.6A RISK OF INPATIENT HOSPITAL VISIT ACROSS LONG COVID PATIENTS WITH 

(PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 
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 TABLE 4.9B KAPLAN-MEIER ANALYSIS RESULTS COMPARING THE OUTCOMES OF AN 

INPATIENT HOSPITAL VISIT OF LONG COVID PATIENTS WITH AND WITHOUT SOCIOECONOMIC 

DISPARITIES 

  
Cohort 

Patients in 

cohort 

Patients with 

outcome 

Median  

(days) 

Probability at end of time 

window 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 1,162 -- 58.88% 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 838 -- 71.93% 

 

   χ2 df p    

  Log-Rank Test 73.854 1 < 0.001    

 

   Hazard 

Ratio 
95% CI χ2 df p 

  Hazard Ratio and 

Proportionality 
1.471 (1.346, 1.608) 1.719 1 0.190 

FIGURE 4.6B KAPLAN-MEIER CURVE ON INPATIENT HOSPITAL VISITS ACROSS LONG COVID 

PATIENTS WITH (PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 
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 TABLE 4.9C NUMBER OF INSTANCES OF INPATIENT HOSPITAL VISITS OF LONG COVID 

PATIENTS WITH AND WITHOUT SOCIOECONOMIC DISPARITIES 

  
Cohort 

Patients in 

cohort 

Patients with 

outcome 
Mean SD Median 

  1 Long COVID 

with 

Socioeconomic 

Disparities 

4,388 1,162 6.064 16.897 2 

  2 Long COVID 

without 

Socioeconomic 

Disparities 

4,388 838 4.822 7.290 2 

 

   t df p    

  Test Statistics 1.997 1998 0.046    

FIGURE 4.6C NUMBER OF INSTANCES OF INPATIENT HOSPITAL VISITS ACROSS LONG COVID 

PATIENTS WITH (PURPLE) AND WITHOUT (GREEN) SOCIOECONOMIC DISPARITIES 

  

 

  5 data points for Cohort 1 and 0 data points for Cohort 2 were omitted for display purposes. 
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CHAPTER 5 

Discussion 

 

In our research study, we aimed to (1) determine whether respiratory mechanics, 

oxygenation impairment, social demographics, and comorbid conditions are associated with 

survival of mechanically ventilated subjects with COVID-19 infection (2) determine the factors 

associated with physical function after completing six weeks of pulmonary rehabilitation (PR) of 

COVID-19 subjects with persistent pulmonary symptoms, and (3) investigate the impact of 

socioeconomic disparities on participation in pulmonary rehabilitation and morbidity of Long 

COVID patients. 

Aim 1 

The COVID-19 pandemic has posed unprecedented challenges globally, impacting 

millions of lives and overwhelming healthcare systems. Understanding the factors associated 

with COVID-19 severity and outcomes is crucial for improving clinical care and public health 

strategies. This study investigated the associations between respiratory mechanics, oxygenation 

impairment, social demographics, medication use, comorbid conditions, and survival of 

mechanically ventilated COVID-19 subjects. 

GEE modeling was performed to obtain the OR and 95% CI of survival of mechanically 

ventilated COVID-19 subjects. We found that age, sex, race/ethnicity, medication use, 

multimorbidity, oxygenation impairment, and dynamic compliance were significantly associated 

with the survival of the mechanically ventilated COVID-19 population. However, we did not 

find a significant effect of static compliance or airway resistance on the survival of the 

mechanically ventilated COVID-19 population.  
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Compared to a small (49 subjects) retrospective study of critically ill COVID-19 patients 

in Belgium on mechanical ventilation, our study's mortality rate of 60% is slightly higher than 

theirs of 55%. (de Terwangne, 2021) Our mortality rate was also similar to the mortality rates of 

other COVID-19 subjects who required mechanical ventilation. (Arentz, 2020; Bhatraju, 2020; 

Tu, 2021) Our mortality rate is also higher than that reported for subjects with traditional (non-

COVID-19) 

Our findings are similar to previous studies that found older age negatively associated 

with survival in the mechanically ventilated COVID-19 population. (Chang, 2021; Tan, 2021; 

Tian, 2021) When examining the literature on COVID-19 patients who required mechanical 

ventilation, we also found consistency with prior literature in that the odds of survival were 

lower if subjects were older. (Hirayama, 2021; King, 2020) Our study agreed with prior literature 

that reported significant associations between race/ethnicity and survival (Abedi, 2021; Isath, 

2022; Wiley, 2022). Our study agreed with Tian et al. that Hispanics had higher mortality from 

COVID-19 but disagreed with their statement that females have a higher chance of mortality 

than males. (Tian, 2021) Regarding sex, we found that males had lower odds of survival than 

females, in agreement with previous studies that concluded males were most likely to die from 

COVID-19. Dessie, 2021; Hu, 2021; Jin, 2020; Williamson, 2020; Yanez, 2020) 

 When examining populations with a majority of Hispanic/Latino subjects like our 

population, our findings differed from Hidalgo et al., where outcomes were not influenced by 

race (Hidalgo, 2022) and agreed with Casillas et al. that outcomes of COVID-19 subjects were 

influenced by race. (Casillas, 2021) Both studies examined COVID-19 subjects overall rather 

than only mechanically ventilated subjects, which may conclude that the subjects in our study 

had a more severe disease. Also, our surprising finding that Non-Hispanic Black subjects were 
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associated with higher odds of survival than non-Hispanic whites may have been because, in our 

sample, Non-Hispanic Blacks were significantly younger than non-Hispanic whites. Our finding 

that subjects with multimorbidity were more likely to survive than subjects with less than two 

comorbid conditions could be because they frequent hospitals more often. These findings may be 

contributed to the subjects with multimorbidity having higher PF ratios, while those with less 

than two comorbid conditions were mostly severely oxygenation impaired. The multimorbid 

cohort also included mostly Non-Hispanic Black subjects, who were, in turn, younger, in our 

study sample.  

Regarding medication usage, our study agreed that dexamethasone (Bouadma, 2022) and 

remdesivir (WHO, 2022) neither had an impact on critically ill COVID-19 subjects, yet we did 

find using both dexamethasone and remdesivir to be significantly associated with survival 

compared to neither in our study In agreement with other studies, we found an association 

between respiratory compliance and survival. (Longino, 2021) We also found mild, moderate, 

and severe oxygenation impairment decreased survival odds compared to no oxygenation 

impairment, in agreement with Osawa et al. who found low PF ratios to be considered a 

significant risk factor for mortality. (Osawa, 2022) Airway resistance and static compliance were 

not significantly associated with survival in our analysis.  

These findings emphasize the need for individualized treatment approaches based on 

respiratory status and comorbid conditions. 

Aim 2 

This aim contributes to the growing literature on COVID-19 outcomes and highlights the 

multifactorial nature of disease severity and survival. We aimed to determine if PR clinically 

improves physical function for subjects with continuing dyspnea post-COVID-19 infection by 
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increasing 6MWD. In agreement with other literature on COVID-19 subjects with persistent 

symptoms who attended PR, we found that completing six weeks of PR improves physical 

function values in subjects with continuing symptoms from COVID-19.(Nopp, 202; Zampogna, 

2021) Our main finding was that regardless of health characteristics, most subjects improved 

6MWD after six weeks of PR. 

Linear regression models were performed to retrieve coefficients 6MWD difference and 

6MWD post-PR after completing six weeks of PR of COVID-19 subjects with persistent 

pulmonary symptoms to assess physical function. Logistic were regression models were 

performed to retrieve OR and 95% CI of ability to achieve MCID at 6MWD of 30m, 80m, and 

108m after completing six weeks of PR of COVID-19 subjects with persistent pulmonary 

symptoms to also assess for physical function. No significant findings were found when 

examining 6MWD difference (post-PR – pre-PR), MCID at 6MWD of 30m, nor when using 

depression, anxiety, or PTSD as the primary predictor in our analysis.  

We found a significant association between 6MWD pre-PR and 6MWD post-PR, 

suggesting that the initial 6MWD before rehabilitation predicts the walk distance after 

rehabilitation. Participants with higher 6MWD-pre may have had better baseline fitness levels or 

exercise tolerance, indicating that subjects with better initial fitness are more likely to improve or 

maintain their fitness levels after PR. Participants with higher 6MWD pre-PR may respond more 

positively to the rehabilitation program, leading to more significant improvements in 6MWD 

post-PR.  

 The literature shows that subjects with Long COVID-19 may benefit from PR, similar to 

subjects with other pulmonary diseased processes, such as sarcoidosis (Wallaert, 2020) and 

COPD. (Corhay, 2014) Our study agreed that participants with moderate to severe pulmonary 
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restriction had benefits in physical function measures after completing PR. Participants with 

moderate to severe pulmonary restriction had a significantly greater 6MWD post-PR compared 

to those with normal lung function or mild pulmonary restriction. These findings could be 

because these participants are more accustomed to adapting to their impaired lung function than 

those with normal or mild restriction. 

There were conflicting reports in the literature on whether PR results differ across 

genders. A study including 80 subjects in a tertiary care facility with and without COPD suggests 

that PR improves QoL outcomes regardless of gender. (Nguyen, 2017) In contrast, a study of 246 

subjects hospitalized with COVID-19 suggests differences in recovery rates between genders. 

(Lindahl, 2022) In agreement with Nguyen et al., our study found no differences associated with 

gender and PR benefit. (Nguyen, 2017) In our study, we found that non-Hispanic Blacks were 

less likely to achieve MCID of 80m and 108m in 6MWD compared to non-Hispanic Whites. 

These findings suggest that race/ethnicity may be an important factor to consider in the 

rehabilitation of long COVID patients, with tailored interventions potentially needed for different 

ethnic groups to achieve optimal outcomes. We found no associations between hospitalization 

status and benefits in physical function measures after completing PR. However, subjects with 

moderate to severe pulmonary restriction had greater 6MWD post-PR than subjects with mild 

pulmonary restriction or normal lung function. 

Despite the minimal statistical significance of our study, the trends shown make it evident 

that most of our population had improvements after completing six weeks of PR. Our results may 

also lack statistical significance since our population presented with higher mobility scores on 

average than those in predetermined populations of MCID in 6MWD, in disease, and in healthy 

populations. (Bohannon, 2017; Camarri, 2006; McKay, 2017; Rasekaba, 2009; Wise, 2005) 
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Although we cannot say that PR should be used in all subjects hospitalized with COVID-19 

(Wang, 2020), our findings support a possible beneficial effect that PR should be considered in 

COVID-19 subjects who present with persistent symptoms after hospital discharge, due to the 

majority of participants achieving MCID regardless of other factors.  

By evaluating the effectiveness of this intervention, the findings of this analysis could 

have significant implications on how Long COVID-19 subjects are managed and cared for by 

providing evidence-based recommendations for using PR as a treatment option. This research 

could improve Long COVID subjects' long-term health outcomes and provide an alternative 

criterion for MCID in 6MWD for this population.  

Aim 3 

The analysis of Long COVID patients with and without socioeconomic disparities 

provides valuable insights into the impact of socioeconomic factors on healthcare outcomes. 

After propensity score matching, both cohorts were included 4,388 patients each, ensuring 

comparability between the groups. 

The propensity score density function showed a shift in distribution for both groups, 

indicating improved balance after matching. Before matching, patients with socioeconomic 

disparities were slightly younger and had a different racial and ethnic composition than those 

without disparities. There were also differences in the prevalence of various health conditions 

between the two groups. However, these differences were mitigated after matching, resulting in a 

better balance in demographic and diagnostic characteristics. 

Regarding participation in PR, the risk analysis showed a trend towards higher 

participation rates in Long COVID patients without socioeconomic disparities, but the difference 

was not statistically significant. Kaplan-Meier analysis and the hazard ratio also did not show a 
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significant difference in PR outcomes between the two groups, with both groups showing low 

participation in PR.  

Regarding hospital visits, the risk analysis revealed a significantly higher risk of hospital 

visits in Long COVID patients with socioeconomic disparities. Kaplan-Meier analysis showed a 

significant difference in the time to a hospital visit between the two groups, with patients with 

socioeconomic disparities experiencing hospital visits sooner. The number of instances analysis 

further supported these findings, showing a higher mean number of hospital visits in the 

disparities group. 

For emergency room (ER) visits, the risk analysis indicated a significantly higher risk of 

ER visits in Long COVID patients with socioeconomic disparities. Kaplan-Meier analysis also 

showed a significant difference in the time to an ER visit between the two groups. The findings 

suggest that patients without socioeconomic disparities had a slightly higher probability of 

avoiding an ER visit by the end of the study period. However, the two groups have no 

statistically significant difference in the hazard of ER visits. The number of instances analysis 

confirmed these results, showing a higher mean number of ER visits in the disparities group. 

There was a significant difference in the number of ER visits between the two groups, with Long 

COVID patients with socioeconomic disparities having a higher number of ER visits on average 

compared to those without socioeconomic disparities. 

Regarding inpatient hospital visits, the risk analysis revealed a higher risk of inpatient 

visits in Long COVID patients with socioeconomic disparities. While the Kaplan-Meier analysis 

did not show a significant difference in the time to an inpatient visit between the two groups, the 

number of instances analysis showed a higher mean number of inpatient visits in the disparities 

group.  
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The findings from the analysis of Long COVID patients with and without socioeconomic 

disparities across various healthcare outcomes provide valuable insights into the impact of 

socioeconomic factors on disease management and healthcare utilization. Understanding these 

disparities is crucial for designing effective interventions and improving outcomes for all 

patients, especially those from vulnerable populations. These findings highlight the importance 

of considering socioeconomic disparities in managing Long COVID patients. Addressing these 

disparities through targeted interventions and support programs may help improve healthcare 

outcomes and reduce long-term healthcare system burdens. 

 

LIMITATIONS OF THE STUDY 

The present study has some limitations. In aim 1, the study was conducted in a single 

academic health center limiting the generalizability of the data. EHR data is liable to the quality, 

consistency, and completeness of documentation by the clinician. Plateau pressures were not 

gathered consistently throughout the studied population, effecting the estimates of static 

compliance and airway resistance.  

In aim 2, the study's data may have limitations in being generalizable to the US 

population because it was also drawn from a single medical center and included a relatively 

small sample size of 64 subjects. Second, subjects did not perform pulmonary function testing 

after completing PR, so the extent to which their pulmonary function improved is not known. 

Our study lacked a comparative group (no PR), so it’s not clearly understood if PR is the sole 

factor in our outcomes. Lastly, we classify pulmonary restriction based on spirometry data and 

not actual lung volumes. Restriction was considered based on the FVC% of predicted and a 

normal FEV1/FVC. 
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In aim 3, we utilized basic statistical methods provided within the TriNetX database and 

did not conduct multivariate analysis, which limits our ability to effectively control for variables 

of interest. It's important to note that TriNetX may not encompass a representative sample of the 

population, as it primarily comprises data from healthcare providers and institutions using the 

TriNetX platform. This limitation can introduce selection bias and restrict the generalizability of 

study findings. Furthermore, the quality and completeness of data in TriNetX may vary. Missing 

data or inaccuracies in coding could impact the validity of analyses and the conclusions drawn 

from the data. Lastly, as researchers using TriNetX, we have limited control over how data is 

collected and recorded, which could affect the quality and consistency of the data, despite 

undergoing transformative data quality reviews. 

 

STRENGTHS OF THE STUDY 

There are many strengths of this study. First, our study is unique in that we observed 

subjects who did not survive the COVID-19 pandemic and observed outcomes and potential 

treatment measures for survivors who still experience persistent symptoms.  

Aim two includes several strengths, such as using the EHR, which is a reliable and 

comprehensive source of information on subjects included in the study. Also, the statistical 

methods were performed to account for confounding variables while identifying the independent 

effects of the intervention on the outcome variables. We also attempted to identify an appropriate 

cut point in MCID in this population using ROC. Lastly, this study addresses a critical gap in the 

current literature and adds to the understanding of Long COVID management. 

Aim three includes several strengths as well. First, it uses TriNetX, an extensive global 

database that creates generalizability to the entire world and large sample sizes for studies. It also 
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has the advantage of using propensity score matching to ensure that cohorts are adequately 

balanced before making conclusions about a study.  

 

FUTURE RESEARCH IMPLICATIONS 

Future research is recommended to determine whether therapeutically improving 

dynamic compliance or oxygenation impairment will improve the survival of the mechanically 

ventilated COVID-19 population. Further studies are required to longitudinally examine 

pulmonary impairment and the quality of life for survivors of COVID-19 who have been 

mechanically ventilated. Ethnic/racial, economic, and health inequities concerning survival in the 

COVID-19 population warrant further research. This research will likely require a meta-analysis 

from studies like ours, with a single large minority (Hispanic/Latino) population, and other 

studies that include differing minority populations, such as Non-Hispanic Blacks, that may be 

found in different areas of the US. Future research should focus on validating these findings in 

larger cohorts and exploring additional factors that may influence outcomes in this population. 

Additionally, efforts to address health disparities and improve access to care for underserved 

populations are critical for mitigating the impact of COVID-19 and future pandemics. 

Future research is also needed to determine if PR clinically improves physical function 

for subjects with continuing dyspnea post-COVID-19 infection, since we only examined 6MWD. 

More extensive cohort studies are required to longitudinally examine if PR is beneficial in QoL 

and physical function measures for survivors of COVID-19. At our facility, 768 subjects were 

referred to the post-COVID-19 clinic for PR, yet only 68 (11.3%) subjects completed the six 

weeks. Sociodemographic, socioeconomic, and health inequities concerning PR participation and 

completion in the COVID-19 population warrant future research.  
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Future research should also focus on developing and implementing effective strategies to 

mitigate the impact of socioeconomic factors on Long COVID outcomes. Due to the 

underutilization of PR regardless of socioeconomic status, future research should also examine 

morbidity differences between groups that complete PR compared to those that do not. 
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CHAPTER 6 

Conclusions 

 

Specific aim one found that for every 1mL/cmH2O increase in dynamic compliance, the 

odds of survival increased by 3% when controlling for covariates. Severe, moderate, and mild 

oxygenation impairment significantly decreased the odds of survival compared to not having 

oxygenation impairment when controlling for covariates. We also concluded that as age 

increased, the odds of survival for mechanically ventilated COVID-19 patients significantly 

decreased. Being Hispanic was also associated with lower odds of survival compared to being 

Non-Hispanic White. We deem it crucial to evaluate respiratory mechanics and their association 

with the survival of mechanically ventilated COVID-19 subjects. Sociodemographics, 

oxygenation impairment, and dynamic compliance should be considered for prognostic benefits 

in managing the mechanically ventilated COVID-19 population. 

Our specific aim 2 found that most subjects had a clinical improvement in physical 

function after completing six weeks of PR. However, validation with a larger PR population is 

warranted. We also found that Non-Hispanic Blacks are less likely to show improvement in 

physical function measures than Non-Hispanic Whites after completing six weeks of PR when 

controlling for age, sex, BMI, being hospitalized, comorbid conditions, and pulmonary function. 

A greater 6MWD at baseline is associated with a greater 6MWD post-PR. Subjects with 

moderate to severe pulmonary restriction have a greater post-PR 6MWD compared to subjects 

with normal lung function or mild pulmonary restriction. Lastly, we observed that the majority of 

participants (92.2% for 30m, 79.7% for 80m, and 76.6% for 108m) who completed six weeks of 

pulmonary rehabilitation achieved minimal clinically important differences (MCID) in 6-minute 
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walk distance (6MWD). Granted non-Hispanic Black subjects have lower odds of showing 

improvement in physical function that non-Hispanic Whites. In conclusion, completing six 

weeks of PR has benefits when using 6MWD to show improvement of physical function in 

subjects with continuing dyspnea post-COVID-19 infection. 

Regarding our third aim of investigating the impact of socioeconomic disparities on 

participation in pulmonary rehabilitation and morbidity of Long COVID patients, the results of 

our study demonstrate the significant impact of socioeconomic disparities on morbidity 

outcomes of Long COVID patients. Addressing these disparities through targeted interventions 

and support services could help improve outcomes and reduce healthcare utilization in this 

population. We also found that regardless of socioeconomic status, Long COVID patients did not 

have high utilization of PR. 

 

Summary for: 

AIM 1: 

Factors associated with survival of mechanically ventilated COVID-19 subjects: 

• For every 1-year increase in age, the odds of survival decrease by 5%. 

• For every 1-unit increase in dynamic compliance, survival increases by 3% 

• Males have 30% lower odds of survival compared to females 

• Hispanics have 43% lower odds of survival than Non-Hispanic Whites 

• Using dexamethasone and remdesivir increases odds of survival 61% compared to using 

neither. 

• Mild, moderate and severe oxygenation impairment decreases the odds of survival 

compared to not having oxygenation impairment 
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The findings suggest, given the significant impact of dynamic compliance, age, sex, race, 

medication use, and oxygenation impairment on survival of mechanically ventilated COVID-19 

patients, clinicians should carefully monitor these factors and consider them in treatment 

decisions. Tailoring treatment strategies based on individual patient characteristics, such as age, 

sex, race, and respiratory mechanics, could improve outcomes in mechanically ventilated 

COVID-19 patients. This may include adjusting medication regimens or ventilation strategies 

based on these factors. We should develop prognostic tools that incorporate sociodemographic 

factors, oxygenation impairment, and dynamic compliance to better predict outcomes in 

mechanically ventilated COVID-19 patients. This could help clinicians identify high-risk 

patients early and intervene appropriately. We should also, educate healthcare providers about 

the impact of sociodemographic factors, oxygenation impairment, and dynamic compliance on 

survival in mechanically ventilated COVID-19 patients. This could lead to more informed 

decision-making and improved patient outcomes. 

 

AIM 2:  

Factors associated with physical function after completing six weeks of pulmonary 

rehabilitation (PR) of COVID-19 subjects with persistent pulmonary symptoms. 

• The majority of participants that completed six weeks of PR had positive physical 

function outcomes. 

• Non-Hispanic Blacks are less likely to have positive outcomes in physical function 

compared to Non-Hispanic Whites after completing six weeks of PR. 
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• Participants with moderate to severe pulmonary restriction are more likely to have 

positive outcomes in physical function compared to those with normal lung function or 

mild pulmonary restriction after completing six weeks of PR. 

 

These findings suggest that PR can be effective in improving physical function in 

subjects with persistent pulmonary symptoms after COVID-19. The majority of participants 

completing six weeks of PR experienced positive outcomes in physical function, indicating the 

potential benefits of this intervention. However, a concerning racial disparity was observed, with 

Non-Hispanic Blacks being less likely to have positive outcomes compared to Non-Hispanic 

Whites. This highlights a need to address potential barriers or differences in care that may 

contribute to this disparity. Additionally, the study found that participants with moderate to 

severe pulmonary restriction were more likely to have positive physical function outcomes 

compared to those with normal lung function or mild restriction. This suggests that the severity 

of pulmonary restriction may influence the effectiveness of PR, with more impaired subjects 

potentially benefiting more from the intervention. These findings underscore the importance of 

equitable access to and tailoring of PR programs to individual needs, particularly in diverse 

populations affected by COVID-19. 

 

AIM 3: 

Impact of socioeconomic disparities on participation in pulmonary rehabilitation and 

morbidity of Long COVID patients. 

• Regardless of socioeconomic status, PR is underutilized amongst Long COVID patients. 
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• Long COVID patients with socioeconomic disparities are more likely to visit the hospital 

than those without socioeconomic disparities. 

• Long COVID patients with socioeconomic disparities are more likely to visit the 

emergency room than those without socioeconomic disparities. 

• Long COVID patients with socioeconomic disparities are more likely to have an inpatient 

hospital visit than those without socioeconomic disparities. 

 

The findings suggest that we should implement targeted interventions aimed at improving 

participation of PR for Long COVID patients regardless of socioeconomic status. This could 

include providing financial assistance for rehabilitation programs or offering transportation 

services for those who may face barriers in attending. We could also, establish community 

support services that specifically cater to Long COVID patients with socioeconomic disparities. 

This could involve creating support groups, providing educational resources, and offering 

guidance on navigating the healthcare system. We could implement care coordination programs 

that help Long COVID patients with socioeconomic disparities better manage their health. This 

could involve coordinating care between different healthcare providers and ensuring patients 

have access to necessary resources and support. Lastly, we could advocate for policy changes 

that address socioeconomic disparities in healthcare. This could involve supporting legislation 

that improves access to healthcare services for vulnerable populations and promotes health 

equity. 
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APPENDICES 

 

APPENDIX A: UNIVERSITY OF CALIFORNIA – SAN DIEGO QUESTIONNAIRE  

When I do, or if I were to do, the following tasks, I would rate my shortness of breath as: 

1. At rest 

2. Walking on a level at your own pace 

3. Walking on a level with others your age 

4. Walking up a hill 

5. Walking up stairs 

6. While rating 

7. Standings up from a chair 

8. Brushing teeth 

9. Shaving 

 

When I do, or if I were to do, the following tasks, I would rate my shortness of breath as: 

10. Showering/bathing 

11. Dressing 

12. Picking up and straightening 

13. Doing dishes 

14. Sweeping/vacuuming 

15. Making bed 

16. Shopping 

17. Doing laundry 

18. Washing car 

19. Mowing lawn 

20. Watering lawn 

21. Sexual activities 

 

How much do these limit you in your daily life? 

22. Shortness of breath 

23. Fear of “hurting myself” by overexerting 

24. Fear of shortness of breath 
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APPENDIX B: GENERAL ANXIETY DISORDER SCREENER 

Over the last 2 weeks, how often have you been bothered by the following problems? 

1. Feeling nervous, anxious or on edge 

2. Not being able to stop or control worrying 

3. Worrying too much about different things 

4. Trouble relaxing 

5. Being so restless that it is hard to sit still 

6. Becoming easily annoyed or irritable 

7. Feeling afraid as if something awful might happen 

 

APPENDIX C: THE PATIENT HEALTH QUESTIONNAIRE 

Over the last 2 weeks, how often have you been bothered by the following problems? 

1. Little interest or pleasure in doing things 

2. Feeling down, depressed or hopeless 

3. Trouble falling asleep, staying asleep, or sleeping too much 

4. Feeling tired or having little energy 

5. Poor appetite or overeating 

6. Feeling bad about yourself - or that you’re a failure or have let yourself or your family 

down 

7. Trouble concentrating on things, such as reading the newspaper or watching television 

8. Moving or speaking so slowly that other people could have noticed, or the opposite, 

being so fidgety or restless that you have been moving around a lot more than usual 

9. Thoughts that you would be better off dead or of hurting yourself in some way 

 

APPENDIX D: IMPACT OF EVENT SCALE-6 

1. Thought about it when I did not mean to 

2. I felt watchful or on-guard 

3. Other things kept making me think about it 

4. I was aware that I still had a lot of feelings about it, but I didn’t deal with them 

5. I tried not to think about it 

6. I had trouble concentrating 
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