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Introduction: Post-acute SARS-CoV-2 (PASC) symptoms are often persistent, disruptive, and difficult to treat effectively. Fatigue is 
often among the most frequently reported symptoms and may indicate a more challenging road to recovery.
Purpose: To describe the natural history, symptomology, and risk profile of long-term post-acute SARS-CoV-2.
Patients and Methods: Participants treated for SARS-CoV-2 within a large, community health system in the US were enrolled 
prospectively in a longitudinal, observational PASC study examining participants at enrollment and 6 months. Medical history, 
symptom reporting, validated measures of cognition, and patient-reported outcomes (PROs), were performed for all participants and 
repeated during study follow-up visits.
Results: A total of 323 participants completed baseline evaluations. Sixty one participants indicated clinically significant fatigue 
(23.1% at baseline); a representative sample of 141 enrollees also completed a baseline Functional Assessment of Chronic Illness 
Therapy-Fatigue (FACIT-F) in-depth fatigue reporting questionnaire, 37 had severe fatigue. The severely fatigued (FACIT-F ≤29.7) 
were significantly younger, female, had more anxiety and depression, had a higher resting heart rate, reported more sick days, and were 
less physically active post-COVID. They were more likely to have a diagnosis of chronic kidney disease (13.5% vs 2.9%) but less 
likely to have a history of cancer (8.1% vs 23.1). Participants who were severely fatigued reported health, diet, weight, and sleep were 
worse than those not severely fatigued post-COVID (p = 0.02 to 0.0002). Fatigue was significantly correlated with impairment of all 
PROs administered after COVID-19 infection.
Conclusion: Fatigue is a common symptom post-COVID-19 infection and is associated with lower reported well-being and function. 
Those with severe fatigue tended to be younger and female and have a past medical history of anxiety, depression, kidney disease, and 
more sedentary lifestyles.
Keywords: symptom severity, functional assessment of chronic illness therapy-fatigue, FACIT-F, SARS-CoV-2, COVID-19, recovery

Introduction
The long-term impact of SARS-CoV2 infection on function is currently an area of interest and investigation. The CDC 
reports that 1 in 13 adults in the US (7.5%) have “long COVID”, defined as novel symptoms lasting three or more 
months after first contracting the virus. However, this definition is not universally accepted, contributing to difficulties in 
developing treatment guidelines.1 Naming conventions for “long COVID” also vary and include post-acute SARS-CoV2 
COVID (PASC), post-COVID syndrome, long COVID, and others.1,2 Further, the condition appears to lack an identified, 
cohesive biosignature.1,2 However, there does seem to be general agreement that this emergent condition is a significant 

International Journal of General Medicine 2023:16 4393–4404                                           4393
© 2023 Price et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 26 July 2023
Accepted: 14 September 2023
Published: 27 September 2023

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-4150-2835
http://orcid.org/0000-0002-3371-6086
http://orcid.org/0000-0003-2041-6874
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


medical concern, and one that substantively impacts daily life and function.2,3 For purposes of consistency, we will refer 
to post-COVID sequelae as PASC.

PASC is rarely a single organ-system problem and presents with many signs and symptoms, different risk factors, and 
thus different outcomes.4,5 Progress has been made to help identify some risks, but the variation presents challenges 
when seeking to and classify severity, and identify treatment target. Additionally, progression of the condition may 
include periods of remission and relapses before symptom resolution, and some may not return to full function.

There is disagreement in the literature about which populations are at greatest risk for PASC. Some previous studies 
have suggested that the risk of developing PASC was higher for persons of older age, female sex, with COVID-19 related 
hospitalization (including the need for oxygen therapy), with greater symptom load (especially dyspnea at presentation 
and chest pain), abnormal auscultation findings, and with comorbidities such as asthma.6–8 However, the Household 
Pulse Study reported by the CDC and another study indicated that older adults (≥70 years) were less likely to have PASC 
than younger adults (18–69 years) and that women were more likely than men to have CDC defined long COVID across 
all surveillance time points.9,10

Hospitalization has been an indicator of severity for SARS-CoV-2 but is not necessarily a risk factor for PASC. In one 
report, 45% of COVID-19 survivors, regardless of prior hospitalization, experienced a range (32–45 categories) of 
unresolved symptoms at ~ 4 months.11,12 Some studies do identify prior hospitalization and history of severe COVID-19 
infection as being a risk factor for PASC, and specifically a risk for increased dyspnea, anxiety, myalgia, and hair loss.8,13 

By contrast, vaccination has been shown to potentially reduce the likelihood of developing PASC.14

Sociodemographic and behavioral factors seem to be important indicators of risk for PASC. Social determinants of 
health and health behaviors appear to correlate significantly with PASC, notably with its persistence, severity, and 
symptom clustering.15–17 Further investigation into these correlates may reveal mechanisms and mitigation strategies in 
the emergent chronic illness crisis presented by PASC. Several studies report no correlations, clearly different from 
SARS-CoV-2 infection, hospitalization, and death, in which ethnic differences and limited healthcare access were 
significant.18 Timing of the analysis (before versus after October 2021 availability of “Post COVID-19 condition, 
unspecified” in US healthcare coding) and increased sample size available for analysis as cases accumulate over time 
may both play roles in this disparate reporting.17,18 A recent study found that African-American/Black and Hispanic/ 
Latino adults who were hospitalized for COVID-19 were more likely to develop PASC.17,19 In the months after infection, 
African-American/Black and Hispanic/Latino adults were also more likely to have diabetes and to report novel incidence 
of headaches, chest pain, and joint pain but were less likely to have sleep disorders, cognitive problems, or fatigue than 
White adults. Patient characteristics that indicate the risk of PASC, including persistence, severity and symptomology, 
remain to be well described, and greater evaluation is needed.

The prevalence of PASC and its various manifestations pose a significant challenge to patients and health care teams. 
Some evidence suggests that lifestyle health behaviors such as food and beverage choices, smoking, exercise, and sleep 
could help influence the progression of PASC. However, more evidence is needed to understand whether these factors are 
more influential in the development of PASC, and to what extent they can moderate recovery. Intervention strategies are 
needed to lessen the burden of PASC and may include diet, exercise/activity, and possible cognitive/behavioral treat-
ments. In this longitudinal study, we report 6-months of observation for patients with a documented SARS-CoV-2 
infection assessed for physical and cognitive function as well as PROs. This study documents both resolution and 
persistence of symptoms and attempts to characterize sub-populations at greatest risk for the impact of these symptoms 
on function, cognition, and quality of life.

Materials and Methods
Study Design
Participants, as well as the local SARS-CoV-2 population treated within our health system, were described in previous 
publications.12,19–23 This study conforms to all STROBE guidelines, was reviewed and approved ethically by the Inova 
Institutional Review Board (IRB# U20-09-4279) and Western Institutional Review Board (WIRB; IRB# 1294366) as human 
subjects research, complies with the Declaration of Helsinki, and informed consent was obtained from all participants. 
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Written consent was obtained for in-person participants, and verbal consent was obtained for participants opting for virtual 
participation. Briefly, participants who were treated for SARS-CoV-2 between March 2020 and July 2022 within Inova 
Health System – a large, metropolitan, community health system in the northeastern U.S. – were invited to enroll in a post- 
acute SARS-CoV-2 (PASC) follow-up study examining post-COVID-19 recovery. Once enrolled, 323 participants’ data was 
collected at baseline and 6 months and continuing annual follow-ups with those experiencing persistent symptoms. 
Participants had their choice to participate either in-person or virtually, and in these sessions were asked about symptoms, 
including fatigue and other aspects of recovery relevant to PASC. Additional efforts made to remove language barriers to 
enrollment and promote inclusive enrollment were also described previously.19

Study Measures
We extracted information on the severity of acute SARS-CoV-2 infection and its treatment, as well as laboratory values, 
which were extracted from our electronic health record system (EPIC). In this prospective study, we collected data from 
participants in person and virtual interviews. These included sociodemographic status, past medical history (PMH), 
participation in (remote and current) regular exercise (30 minutes, 5x/week or a total of 150 minutes/week), measures of 
cognition (Color Word interference Test (CWIT), Coding, Arithmetic, Matrix Reasoning), a clinical assessment of health 
behavior change, and a variety of PROs (eg, Edmonton Symptom Assessment System (ESAS), EuroQol-5 dimension health- 
related quality of life instrument (EQ5D)) Full protocol and instrument description can be found in our prior publications.12,20

Fatigue Symptoms
A special emphasis was also placed upon assessing fatigue – one of the most commonly reported symptoms in assessed 
PASC patients using the Functional Assessment of Chronic Illness Therapy – Fatigue (FACIT-F). The FACIT-F includes 
4 subscales of well-being: physical (PWB, range 0–28), emotional (EWB, 0–24), social (SWB, 0–28) and functional 
(FWB, 0–28); and a fatigue subscale domain (FS, 0–52), which adds up to a total FACIT-F score (0–160). For all 
domains, greater values are designed to reflect better health status.24 Using the general population norm and standard 
deviation (SD) for FS, we defined severe fatigue as FS lower than the norm by at least one SD which yields the cutoff of 
29.7 (population norm 40.1, SD 10.4). Symptom categorization for free responses can also be found in Supplement 1 of 
our previous publications.12,19 FACIT-F score and Symptom Reporting were also analyzed using chi-square with odds 
ratio and confidence interval reporting.

Symptom Severity Reports
Participants were initially asked to name persistent symptoms that developed after the onset of SARS-CoV-2, along with 
the symptom severity (eg, mild, moderate, and severe). This self-report measure was repeated during subsequent visits in 
order to assess change and was recorded as better, worse, or resolved.

Statistical Analysis
Analyses used SAS 9.4 (SAS Institute, Cary, NC) and Jamovi 2.3.21. Prior to data analysis, the study database was 
reviewed for variable completeness and consistency with hard-copy case report forms.19 Any instance of missing data 
collection for variables was marked “unknown” and excluded from analysis.19 Additionally, cases longitudinally lost to 
follow-up were cross-sectionally analyzed for time points collected and excluded from time point comparisons.19 

Between groups categorical comparisons used chi-square. Mann Whitney U and rank biserial correlation were used to 
compare severe to non-severe fatigue. Frequencies and relative reporting of symptoms by fatigue severity, along with chi- 
square odds ratios and confidence intervals were also included in the fatigue analyses.

Results
Symptom Burden
At baseline, 41.3% of 303 with complete symptom information reported being symptom-free. The frequency of persistent 
symptoms is reported to be in the order of prevalence at baseline and 6 months (reported in Table 1). Among the 58.2% 
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reporting persistent symptoms, the nine top symptoms reported were fatigue (20.5%), memory difficulties (15.5%), 
shortness of breath (12.2%), general neurological symptoms (10.9%), loss of smell and/or taste (10.2%), musculoskeletal 
symptoms (8.6%), headache (8.3%), rash (7.6%), and mood disturbance (6.9%). At 6 months, 46.3% of 300 participating 
subjects report being symptom-free, fatigue (10.7%), memory difficulties (8.7%), shortness of breath (7.3%), general 
neurological symptoms (5.3%), musculoskeletal symptoms (5.0%), loss of smell and/or taste (4.7%), rash (4.0%), mood 
disturbance (3.7%), and headache (3.0%). A full list of reported symptoms can be found in Figure 1 (Figure 1).

By 6 months, only one symptom (nasal congestion) was resolved entirely, 17 symptoms were reported by <1% of 
those responding, and only 157 participants reported persistence for the top nine symptoms listed above. 81 participants 
completed the FACIT-F at 6 months, including 77 of the 157 instances of the top 9 symptoms. 18 of the 81 (22.2%) with 
completed FACIT-F scored within the severe fatigue range at baseline, and the number of cases of severe fatigue reported 
was cut in half as well (62 baseline vs 32 at 6 months) and just over half of the participants reporting severe fatigue 
completed the FACIT-F, a similar percentage of reporting to baseline.

The number of participants reporting individual symptoms decreased over the observation period – sometimes by 
nearly half. However, complete resolution of symptoms was uncommon, even among acute symptoms such as anosmia 
which reduced by half from 37 cases at baseline to 18 cases at 6 months). Approximately half of those evaluated at 
baseline completed detailed patient-reported outcomes data and the FACIT-F fatigue measures.

Severe Fatigue per FACIT-F Subset Analysis
Across timepoints, fatigue was the most commonly reported symptom. However, only half of those with baseline 
measurements provided detailed self-reports, including the FACIT-F fatigue measurements at the 6-month follow-up 
(Figure 2). 177 of 305 participants reported persistence of the top nine symptoms reported at baseline, and 37 of these 
177 had FACIT-F scores (<27.9) indicating severe fatigue. In agreement with this finding, many participants reported 
persistence of clinically significant fatigue (37.8%), followed by shortness of breath (32.4%), memory difficulties 
(29.7%), and headache (24.3%) (Figure 3). Additional patient-reported outcome measure responses at baseline due to 
the presence or absence of severe fatigue reporting can be found in Table 2.

Table 1 Severe Fatigue (FACIT-F ≤27.9) and Symptom Reporting at Baseline and 6 Months

Baseline Relative Reporting  
FACIT-F ≤27.9 vs >27.9

Chi-Squared  
(�2)

Odds Ratio  
(OR)

Confidence  
Interval (CI)

Headache 24.3% vs 4.8% <0.001 6.36 1.97–20.5

Shortness of breath 32.4% vs 10.6% 0.002 4.06 1.60–10.03

Fatigue* 37.8% vs 14.4% 0.002 3.61 1.53–8.64
Memory difficulties 29.7% vs 15.4% 0.057 2.33 0.96–5.63

Mood disturbances 16.2% vs 7.7% 0.136 2.32 0.75–7.21

Musculoskeletal symptoms 13.5% vs 9.6% 0.509 1.47 0.47–4.62
General neurological symptoms 18.9% vs 14.4% 0.517 1.38 0.52–3.72

6 Months Relative Reporting  
FACIT-F ≤27.9 vs >27.9

Chi-Squared  
(�2)

Odds Ratio  
(OR)

Confidence  
Interval (CI)

Shortness of breath 27.8% vs 9.5% 0.046 3.65 0.97–13.80

Mood disturbances 16.7% vs 4.8% 0.089 4.00 0.73–21.80

General neurological symptoms 22.2% vs 11.1% 0.225 2.29 0.59–8.91
Headaches 11.1% vs 4.8% 0.324 2.5 0.35–16.30

Fatigue* 16.7% vs 9.5% 0.395 1.90 0.43–8.50

Rash 11.1% vs 6.3% 0.496 1.84 0.31–11.40
Memory difficulties 16.7% vs 15.9% 0.936 1.06 0.26–4.35

Note: *Fatigue as symptom reported. 
Abbreviations: FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue; x2, chi-squared; OR, odds ratio; CI, confidence interval.
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Fatigue at Baseline After Enrollment
Those severely fatigued at baseline were more than 3 times as likely to report shortness of breath (32.4% vs 10.6%), 
almost 3 times more likely to report fatigue as a specific symptom (37.8% vs 14.4%), over 5 times more likely to report 
headache (24.3% vs 4.8%), nearly twice more likely to report memory difficulties (29.7% vs 15.4%), slightly more likely 
to report musculoskeletal symptoms (13.5 vs 9.6), slightly more general neurological symptoms (18.9% vs 14.4%), and 
over twice as likely to report neurological symptoms (16.2% vs.7.7%). There were similar reporting rates of rash (8.1% 
vs 7.7%). Those not severely fatigued were slightly more likely to report loss of taste or smell (16.3% vs 13.5%).

Figure 1 Symptom Reporting Categorization.

Figure 2 Percentage of patients with severe fatigue among all those completing the Functional Assessment of Chronic Illness Therapy - Fatigue (FACIT-F).
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Fatigue After Six Months Follow-Up
Compared to those with less fatigue at baseline, those with severe fatigue reported greater persistence of the top nine symptoms at 
6 months, reporting almost 3 times as much shortness of breath (27.8% vs 9.5%), twice as many general neurological symptoms 
(22.2% vs 11.1%), more fatigue (16.7% vs 9.5%), memory difficulties (16.7% vs 15.9%), mood disturbance (16.7% vs 4.8%), 
headaches (11.1% vs 4.8%), and rash (11.1 vs 6.3%) (Figure 4). However, these groups have the same levels of persistence for 
loss of smell and/or taste (11.1% vs 11.1%) and musculoskeletal problems (11.1% vs 11.1%) at 6 months. Additional information 
on FACIT-F severe fatigue versus not severe fatigue scores by fatigue symptom reporting at 6 months can be found in Table 3.

Association of Fatigue and Mood
The group reporting severe fatigue overlapped with those reporting worse well-being, depression, and stress, and this 
group also had greater persistence of the top nine PASC symptoms. Of those reporting severe fatigue, 27% had a past 

Figure 3 Percentage of participants with severe fatigue at baseline by self-reported symptoms.

Table 2 Severe/Non-Severe Fatigue at Baseline by Mann–Whitney U and Rank Biserial Correlation

Statistic p-value Mean Difference Effect Size

FACIT-F Physical Well-being (PWB) 481 <.001 7.000 0.753

FACIT-F Social Well-being (SWB) 1124 <.001 4.500 0.421

FACIT-F Emotional Well-Being (EWB) 576 <.001 6.000 0.703
FACIT-F Functional Well-Being (FWB) 788 <.001 7.000 0.594

FACIT-F Fatigue Scale (FS) 0 <.001 23.000 1.000

PHQ9 364 <.001 −9.000 0.813
PHQ Severe Score 478 <.001 −2.000 0.747

Post COVID Cognition 668 <.001 1.125 0.653

ESAS Physical 179 <.001 −2.333 0.757
ESAS Emotional 321 <.001 −2.500 0.564

ESAS Total 160 <.001 −2.500 0.782

GAD7 Anxiety 263 <.001 −5.000 0.643
Stigma Questionnaire 410 0.007 −3.000 0.398

Distress Thermometer 277 <.001 −3.000 0.624

EQ5D Overall Health Rating 865 <.001 15.000 0.524
EQ5D Index Score 693 <.001 0.165 0.616

Abbreviations: FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue; PWB, physical well-being; SWB, Social Well- 
being; EWB, Emotional Well-being; FS, Fatigue Scale; PHQ9, Patient Health Questionnaire-9; COVID, SARS-CoV-2; ESAS, Edmonton 
Symptom Assessment Scale; GAD7, General Anxiety Disorder-7; EQ-5D, EuroQOL-5D health status measure.
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medical history of anxiety, and 32.4% depression. This group also reported less regular pre-infection physical activity, 
and less regular post-infection physical activity and represents almost 1/3 of the group.

Association of Fatigue and Health Behaviors
At baseline, patients reporting severe fatigue at baseline also reported having a significantly worse diet compared to 
before their acute SARS-CoV-2 infection (37.8% versus 13.6%, p < 0.002); worse weight status (44.4% versus 20.0%, 
p < 0.005), and worse sleep quality (63.9% versus 28.3%, p < 0.0013).

Figure 4 6-month symptoms frequency in the severely fatigued per Functional Assessment of Chronic Illness Therapy - Fatigue (FACIT-F).

Table 3 Frequencies of 6-Month Fatigue Severity Symptom Reporting 
Compared to FACIT-F Fatigue Severity Scores

Fatigue Severity FACIT-F Score Group Counts % of Total

None/resolved Not severely fatigued 57 70.4%
Severely fatigued 15 18.5%

Mild-better* Not severely fatigued 2 2.5%

Severely fatigued 0 0.0%
Mild-worse* Not severely fatigued 2 2.5%

Severely fatigued 0 0.0%

Moderate-better* Not severely fatigued 0 0.0%
Severely fatigued 0 0.0%

Moderate Not severely fatigued 0 0.0%

Severely fatigued 2 2.5%
Moderate-worse* Not severely fatigued 0 0.0%

Severely fatigued 0 0.0%

Severe-better* Not severely fatigued 1 1.2%
Severely fatigued 0 0.0%

Severe Not severely fatigued 1 1.2%

Severely fatigued 1 1.2%
Severe-worse* Not severely fatigued 0 0.0%

Severely fatigued 0 0.0%

Note: *Better and Worse are relative to Baseline. 
Abbreviations: FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue; %, percent.
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FACIT-F by Symptom Reporting
Those severe fatigue per FACIT-F at baseline were over 5 times more likely to report headache (24.3% vs 4.8%, p < 
0.001, OR 6.36, CI 1.97–20.5), more than 3 times as likely to report shortness of breath (32.4% vs 10.6%, p < 0.003, OR 
4.06, CI 1.60–10.03), and almost 3 times more likely to report fatigue as a specific symptom (37.8% vs 14.4%, p < 0.003, 
OR 3.61, CI 1.53–8.64). Memory difficulties (29.7% vs 15.4%, p < 0.057, OR 2.33, CI 0.962–5.63), mood disturbances 
(16.2% vs.7.7%, p < 0.136, OR 2.32, CI 0.748–7.21), musculoskeletal symptoms (13.5 vs 9.6, p < 0.509, OR 1.47, CI 
0.467–4.62), general neurological symptoms (18.9% vs 14.4%, p < 0 0.517, OR 1.38, CI 0.515–3.72), rash (8.1% vs 
7.7%, p < 0 0.935), and loss of taste or smell (16.3% vs 13.5%, p < 0.683) also had differences in reported, however were 
not statistically significant.

Among the symptoms, only shortness of breath remained statistically significant at 6 months of study follow-up by 
FACIT-F fatigue severity. The severely fatigued continued to report the major symptoms at higher percentages at 6 
months, reporting almost 3 times as much shortness of breath (27.8% vs 9.5%, chi-square = 0.046), 3.5 times more mood 
disturbance (16.7% vs 4.8%, chi-square = 0.089), twice as many general neurological symptoms (22.2% vs 11.1%, chi- 
square = 0.225), more than twice the percentage of headaches (11.1% vs 4.8%, chi-square = 0.324), more fatigue as 
a symptom (16.7% vs 9.5%, chi-square = 0.395), almost twice as much rash (11.1 vs 6.3%, chi-square = 0.496), and 
slightly more memory difficulties (16.7% vs 15.9%, chi-square = 0.936). Both groups report the same percentage of loss 
of smell and/or taste (11.1% vs 11.1%, chi-square = 1.000) and musculoskeletal problems (11.1% vs 11.1%, chi-square = 
1.000) at 6 months.

Discussion
Remarkable progress has been made in preventing and treating SARS-CoV-2, and acute infection remains a subject of 
ongoing research.25,26 The Centers for Disease Control of the United States (CDC) reports the prevalence of persistent 
symptoms following SARS-CoV-2 infection (PASC) as 7.5%. Global prevalence of PASC is estimated at approximately 
65 million people, and growing, worldwide. This presents an important challenge to the health care community.9,17,24 The 
prevalence of PASC, its myriad of symptoms, its persistence, impact on function and life roles presents a significant 
health risk for domestic and global populations. Assessing which are modifiable should be a high priority. In our view, 
data collected from prospective, natural history studies using standard, reliable assessments, including PROs are critical 
to understanding this novel and emergent condition.

Using a prospective design, we confirm the work of others, in which existing data set analyses were performed, that 
fatigue is a common PASC symptom and is importantly, associated with less well-being and poor function. Fatigue can 
be associated with loss of work productivity and its associated indirect costs to the society.27 In this study, participants 
with clinically severe fatigue were younger, female, and have a past medical history of anxiety, depression, kidney 
disease, and are unlikely to exercise regularly. The finding that fatigue, and severe fatigue in 15% of this group, is the 
most common symptom is of significant concern, in part because it is difficult to measure and determine its cause(s). 
Further, the strong associations between fatigue and mood and shortness of breath (SOB) suggest fatigue is complex 
requires careful further assessments.

Our study did not measure breathing mechanics or include imaging of the lungs, so its etiology remains to be further 
explored. Currently, the American Lung Association identifies the following as the top causes of long-term SOB: poorly 
controlled asthma, chronic obstructive pulmonary disease (COPD), or pulmonary fibrosis.28 The National Health Service 
of the United Kingdom states that SOB is frequently a symptom of heart and lung problems in addition to asthma, 
allergies, and anxiety.29 Our data support the view that SOB may not solely be associated with pulmonary disease or 
cardio-respiratory dysfunction.19

Consistent with prior studies, we have identified that fatigue is prevalent among people reporting persistent 
symptoms, both in the months immediately following acute infection, and persistent through 6 months of diagnosed 
PASC.19 Symptom persistence and intensity are difficult to predict in PASC. Only shortness of breath predicted fatigue 
severity at 6 months. One of the specific aims of this study was to determine risk profiles for those recovering from PASC 
over 6 months and to identify which symptoms were most likely to persist among which sub-groups. Most patients had 
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a reduction in symptom burden during the observation period, many symptoms lingered, and only one symptom, nasal 
congestion, fully resolved after 6 months.

PASC has a significant impact on quality of life and perceived well-being, and thus soliciting open-ended reports from 
patients may reveal highly relevant, especially bothersome, or the most subjectively disruptive symptoms impacting their 
daily routines. While these unstructured comments may not be complete or as reliable, they may indicate opportunities 
for intervention led by patient-led goals. However, the use of standardized measures whose psychometric properties have 
been validated may be more diagnostically informative and thus should not be omitted in lieu of symptom self-reporting 
alone.

Despite improvement in fatigue and other symptoms over the follow-up period, severe, disruptive fatigue seems to 
linger in a substantial number of patients with PASC. Our analysis suggests that the group likely to report severe, 
persistent fatigue are younger female patients who have a high symptom burden and especially report anxiety and 
depressive symptoms in addition to their fatigue. Additionally, the most impacted seem to be those with lower pre- 
COVID exercise behaviors, and those for whom the acute infection highly disrupted previously functional healthy diet 
and exercise habits. Impacts such as these may disproportionately impact the lives of those who report fatigue (ie, young 
women) because of their life stage and demands, including education, work, and family-related responsibilities.

Lingering fatigue is not unique to PASC. Post-viral fatigue has been reported in patients with Hepatitis C, Lyme 
Disease, and E-B virus among others and is often referred to as Chronic Fatigue/Myalgic Encephalomyelitis Syndrome 
(ME/CFS).30–33 Fatigue unrelated to exercise or post-exercise fatigue has also been seen in patients with non-alcoholic 
fatty liver disease (NAFLD).34,35 Future research may wish to look at similarities of fatigue among different patient 
groups to ascertain clues about the mechanisms and common pathways of fatigue. Fatigue is a highly prevalent symptom 
across a wide variety of viral and metabolic conditions, can be debilitating, has high frequency “co-traveler” conditions 
of significant concern (eg, anxiety and depression), and yet its underlying physiological pathways and mechanism 
involvement are still unclear. Looking at past medical history of anxiety and depression in more detail may also give us 
some understanding whether these diagnoses are overrepresented in our post-viral population with severe, persistent 
fatigue.

There is no consensus regarding the evaluation and treatment of fatigue. Our data support the finding of many other 
studies that fatigue is not an isolated symptom and may be associated with negative mood/affect, sedentary lifestyle, and 
metabolic dysregulation. This may compound the diminished social participation/social isolation that many reported 
during the pandemic, resulting in significant and extremified disparities in the work and social lives of persons with 
fatigue resulting from infection with COVID-19.30,36

These data may help inspire clinicians to include assessment of patient exercise and health behavior history in routine 
visits and especially in visits where patients seek treatment after viral infections. The association between regular 
exercise (30 minutes, 5x/week or a total of 150 minutes/week) and fewer symptoms and faster symptom resolution is 
striking. Targeting a manageable activity, such as pacing, may provide appropriate guidance for populations at risk and 
offer clinicians a recommendation for patients seeking medical attention for reasons other than SARS-CoV2 infection 
and its sequelae. As reported in our previous paper, this effect was also seen in mAb-treated patients.37 While our study 
did not include comprehensive assessments of diet and eating behavior, patient reports regarding the quality of their diet 
indicated that disruptions to diet may be associated with worse PASC symptom persistence.

The study had some significant challenges. The surge of the delta and then omicron variants significantly impacted the 
willingness of patients to come for in-person evaluations and led to a reduced sample for follow-up. We used Figure 1 self- 
reported symptoms, freely volunteered by participants without prompts, to capture the current symptom burden. This may 
not be a comprehensive assessment of all remaining symptoms. However, a significant strength of our study was the 
inclusion of patient-reported outcomes (PROs) at all visits -including fatigue via FACIT-F- which were both standardized 
and quantifiable.38 This study documents an association between patient reports of fatigue as a new symptom developed 
post-acute SARS-CoV-2 but does not establish causality. While our analysis identified that younger working age adults and 
specifically younger women were at higher risk for fatigue, our study also cannot speak to the magnitude and roles of 
fatigue, depression, and anxiety in the youngest of adults (age 18–20s), due to their low representation within our study 
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cohort. This follows the Household Pulse Study reported by the CDC, where younger adults (18–69) and women were more 
likely to have CDC-defined long COVID across all surveillance time points.9,10

While documentation of persistent fatigue as a phenomenon in SARS-CoV-2 has been established, prospective and 
careful measurement of fatigue using validated measures versus just symptom reporting is lacking in the literature. There 
is a difference between identifying fatigue and understanding fatigue. An added strength of our prospective, multi-visit, 
in-depth cohort study with face-to-face discussion of symptomatology is that the features of interest within our cohort – 
possible confounding variables also assessed using validated measures – provide clarity in differentiating fatigue from 
frequent co-traveling conditions. Unique to the literature, we are also trying to determine phenomenon that go along with 
fatigue with patient-reported outcomes to understand what may be impactful in people’s lives, including behavioral 
milieu, depression, sleep, and quality of life. This is informed by our experience examining both viral and metabolic 
drivers of fatigue prior to the advent of SARS-CoV-2 and PASC.

Conclusion
Among patients with post-acute sequalae of SARS-CoV-2 (PASC) fatigue was the most common lingering symptom, 
followed by headache and shortness of breath. Severe fatigue was highly correlated with almost all patient-reported 
symptoms and notably the highest with comorbid depressive symptoms and anxiety. Young women were more likely to 
report severe, persistent, and disruptive fatigue and to also report low pre-COVID activity/exercise levels. Fatigue is 
prevalent in the PASC population and should be regarded as an important indicator of condition persistence and severity. 
Evaluation of mood and quality of life should be routinely performed, taken seriously, and treated medically when 
appropriate. Recommendation for regular exercise prior to infection, and to maintain a healthy diet during recovery, is 
likely to be associated with fewer and milder post-infection symptoms.
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