Work 74 (2023) 1215-1224 1215
DOI:10.3233/WOR-220428
10S Press

Predictors of impaired functioning among
long COVID patients

Leonard A. Jason'* and Joseph A. Dorri?
Center for Community Research, DePaul University, Chicago, IL, USA

Received 9 August 2022
Accepted 16 December 2022

Abstract.

BACKGROUND: There is limited information on which acute factors predict more long-term symptoms from COVID-19.
OBJECTIVE: Our objective was to conduct an exploratory factor analysis of self-reported symptoms at two time points of
Long COVID-19.

METHODS: Data from patients with Long COVID-19 were collected at the initial two weeks of contracting SARS CoV-2
and the most recent two weeks, with a mean duration of 21.7 weeks between the two-time points. At time point 2, participants
also completed the Coronavirus Impact Scale (CIS), measuring how the COVID-19 pandemic affected various dimensions
of their lives (e.g., routine, access to medical care, social/family support, etc.).

RESULTS: At time 1, a three-factor model emerged consisting of Cognitive Dysfunction, Autonomic Dysfunction and
Gastrointestinal Dysfunction. The analysis of time 2 resulted in a three-factor model consisting of Cognitive Dysfunction,
Autonomic Dysfunction, and Post-Exertional Malaise. Using factor scores from time 1, the Autonomic Dysfunction and the
Gastrointestinal Dysfunction factor scores significantly predicted the CIS summary score at time two. In addition, the same
two factor scores at time 1 predicted the occurrence of myalgic encephalomyelitis/chronic fatigue syndrome at time 2.
CONCLUSION: Cognitive and Autonomic Dysfunction emerged as factors for both time points. These results suggest that
healthcare workers might want to pay particular attention to these factors, as they might be related to later symptoms and
difficulties with returning to pre-illness family life and work functioning.

Keywords: Long COVID-19, SARS CoV-2 virus, PASC, exploratory factor analysis, myalgic encephalomyelitis/chronic
fatigue syndrome

1. Introduction and rashes. In addition, some patients have developed

lung scarring, blood clots, renal failure, neurological

The typical symptoms of severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) are fatigue,
fever or chills, shortness of breath, and the new loss of
taste or smell. Other common symptoms can include
trouble breathing and persistent pain or pressure in the
chest [1-3]. Many of those infected with SARS-CoV-
2 have not fully recovered and exhibit continuing and
new symptoms [4]. Some of the continuing symp-
toms include fatigue, muscle aches, cardiac issues,
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complications [5], and heart damage [6]. This contin-
uation and development of new symptoms, once the
presence of the SARS-CoV-2 virus no longer exists
in the person, has been referred to as “long COVID”
or Post-Acute Sequelaec of SARS CoV-2 infection
(PASC) [7, 8].

Estimates vary in terms of how many have PASC
after being infected with SARS CoV-2 [9]. In one of
the more comprehensive reviews, Chen et al.’s [10]
meta-analysis found that the worldwide prevalence
of the post COVID-19 condition was 37% at 1 month
after infection, 25% at 2 months, 32% at 3 months,
and 49% at 4 months. The most commonly reported
symptoms of post-COVID-19 infection include, in
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rank order, fatigue, muscle or body aches, shortness
of breath, and difficulty concentrating or focusing
[11, 12]. In a systematic review of 15 studies involv-
ing 47,910 patients examining the long-term effects
of COVID, Lopez-Leon and colleagues [13] found
that 80% of the infected patients developed one or
more long-term symptoms, with the five most com-
mon symptoms being fatigue, headache, attention
disorder, hair loss, and dyspnea. In another study of
patients, the most frequent symptoms after month
6 were fatigue, post-exertional malaise, and cog-
nitive dysfunction [14]. Nehme et al. [15] found
39% reported residual symptoms 7 to 9 months after
COVID-19 diagnosis. Fatigue was the most common
symptom reported, followed by loss of taste or smell,
dyspnea, and headache. Huang et al. [16] found that
55% of COVID-19 survivors reported at least one
sequelae symptom 2 years later, with fatigue and
muscle weakness as the most commonly reported
symptoms. In their review article, Whittaker et al.
[17] found that headache and anosmia were common
neurological manifestations of SARS-CoV-2.

Sudre et al. [18] found that experiencing more than
five symptoms during the first week of illness was
associated with Long COVID. Sue et al. [19] followed
over 200 patients for two to three months after their
COVID diagnoses and found four factors that helped
predict if a person will develop Long COVID (.e.,
level of coronavirus RNA in the blood early in the
infection, the presence of certain autoantibodies, the
reactivation of Epstein-Barr virus, and having Type 2
diabetes).

Other studies have tried to group the symptoms
into categories. Giszas et al. [20] recruited a sample
of 909 participants at a median interval of 367 days
after acute SARS-CoV-2 infection, and 71% com-
plained of having experienced persistent symptoms at
amedian interval of 367 days after acute SARS-CoV-
2 infection. Two subgroups emerged, with quality
of life being normal in 71% and markedly dimin-
ished in 29%. D’Cruz and colleagues [21] identified
seven domains for PASC symptoms, which are neu-
rocognitive, autonomic, gastrointestinal, respiratory,
musculoskeletal, psychological, and “others.” Other
investigators have used statistical strategies to iden-
tify phenotypes. Kenny et al. [22] used multiple
correspondence analysis and hierarchical cluster-
ing to find 3 clusters. The first had predominantly
pain symptoms, the second had a preponderance
of cardiovascular symptoms, and the third cluster
had significantly fewer symptoms than the others.
Hughes et al. [23] developed a symptom burden

questionnaire for Long COVID with promising psy-
chometric methods, but it is somewhat long with
17 independent scales tapping 131 items. Luo et al.
[24] recruited patients from outpatient and inpatient
hospitals and used a principal components analysis
that resulted in a five factor model. They labeled
these factors as respiratory-digestive-related, ner-
vous system-related, cough-related, upper respiratory
tract-related, and digestive-related factors. A limit-
ing factor in this study was that there were only
60 participants. In another study, Yifan et al. [25]
provided 140 nurses with a questionnaire measur-
ing somatic symptoms. A positive aspect of their
questionnaire was that it measured the symptoms’
frequency and severity. They found three factors:
“breathing and sleep disturbance”, “gastrointesti-
nal complaints and pain”, and “general symptoms.”
A drawback of their study was the Kaiser-Meyer-
Olkin Test indicated the sample size was not
adequate.

Guo et al. [26] recently performed two Prin-
cipal Component Analyses (PCA), with the first
involving the initial symptoms and the second
involving symptoms experienced since the initial
phase. Their first PCA, revealed five components of
Neurological/Psychiatric, Fatigue/Mixed, Gastroin-
testinal, Respiratory/Infectious, and Dermatological.
Their second PCA found Neurological, Gastrointesti-
nal/Autoimmune, Cardiopulmonary/Fatigue, Der-
matological/Fever, Appetite Loss, and Mood. In
addition, neurological/psychiatric and fatigue/mixed
symptoms during the initial illness and neurolog-
ical, gastrointestinal, and cardiopulmonary/fatigue
symptoms during the ongoing illness, predicted the
experience of cognitive symptoms. While PCA can
reduce correlated observed variables to a smaller set
of independent composite variables, factor analysis
has the advantage to identify the latent or hidden
constructs.

There are few factor analysis studies of Long-
COVID symptoms, and they have rarely compared
symptomatology at early points of illness to later
points. The current study examined reported symp-
toms at two time points so as to identify factor analytic
latent changes over time. The study also examined
predictors of the impact of COVID-19 as well as
whether patients met a myalgic encephalomyeli-
tis/chronic fatigue syndrome (ME/CFS) case def-
inition. Key features of this ME/CFS are post-
exertional malaise, cognitive impairment, and
unrefreshing sleep, which also are found in Long
COVID.
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2. Method
2.1. Participants

In August of 2020, the authors obtained IRB per-
mission to distribute questionnaires to long-haulers,
those who had self-reported not recovering from
COVID-19. The questionnaires were posted on sev-
eral social media sites, which are devoted to the
exchange of information among long-haulers. Par-
ticipants were asked to complete two symptom
questionnaires at one time point, with one describing
current symptoms (time point 2) and one recount-
ing experiences from an average of 21.7 weeks prior
(time point 1). The participants were not provided
incentives for filling out the questionnaires (For more
details, see [27, 28]). Table 1 provides demographic
characteristics of the sample.

2.2. Measures

2.2.1. The DePaul Symptom Questionnaire
Participants completed the DePaul Symptom
Questionnaire (DSQ-1) [29], a 54-item self-report
measure of Myalgic Encephalomyelitis/Chronic
Fatigue Syndrome symptomatology. Participants
were asked to rate the frequency of each symptom
over the past six months on a five-point Likert scale
with O=none of the time, 1=a little of the time,
2 =about half the time, 3 =most of the time, and
4 =all of the time. Likewise, participants were asked
to rate the severity of each symptom over the past six
months on a five-point Likert scale with 0 = symptom
not present, 1 =mild, 2=moderate, 3 =severe, and
4 =very severe. All frequency and severity scores
were standardized to a 100-point scale. All frequency

Table 1
Sociodemographic information
Demographic N=299
M (SD)
Age (years) 44.01 (12.9)
Tllness duration (weeks) 21.3 (8.0)
Gender % (n)
Male 15.7 (47)
Female 81.6 (244)
Nonbinary 1.7.(5)
Race
White/Caucasian 90.3 (270)
Other 7(21)
Asian/Pacific Islander 3.3 (10)
Black/African American 1.7 (5)
Latinx 7.4 (22)

and all severity scores were multiplied by 25 to create
scores from O to 100. These frequency and severity
scores were averaged for each symptom to create a
composite score.

The DSQ-1 has demonstrated high test-retest relia-
bility among persons with ME/CFS and controls [30],
shown strong internal consistency [31], and yielded
valid, clinically useful results [32, 33]. Moreover,
the DSQ-1 has been used to accurately differentiate
those with ME/CFES from those with other chronic ill-
nesses [34, 35]. The DSQ-1 is available in the shared
library of Research Electronic Data Capture ([RED-
Cap]; 36). The full questionnaire can be viewed at this
url: https://redcap.is.depaul.edu/surveys/?s=tRxytS
PVVw.

2.2.2. COVID-19 symptoms

The CDC lists several additional symptoms of
COVID-19 on their website: https://www.cdc.gov/
coronavirus/2019-ncov/downloads/COVID19-symp
toms-24x36-en.pdf. These items included: dry
cough, loss of taste/smell, difficulty breathing,
diarrhea, nose congestion, and loss of hair. As these
items were not on the DSQ, they were added to
the survey that was completed by the COVID-19
sample.

2.2.3. Coronavirus Impact Scale (CIS)

Participants were asked to complete the CIS [37].
The 12-item questionnaire consists of 4-point Lik-
ert scale questions and one open-ended question that
assesses how the COVID-19 pandemic has affected
various dimensions of a person’s life (e.g., rou-
tine, access to medical care, social/family support,
etc.). The first eight questions assess the respon-
dents’ experiences while the rest ask about extended
family members and friends. A CIS summary score
was computed by taking the sum of the first eight
questions. The instrument has demonstrated good
reliability and validity [38].

2.2.4. Case definition for ME/CFS

The Canadian Consensus Criteria (CCC; [39])
requires the person to experience the following: (1)
fatigue, (2) PEM, (3) sleep dysfunction, (4) pain,
(5) two or more neurocognitive symptoms, and (6)
symptoms that are within two areas of the following
domains: autonomic, neuroendocrine, or immune.
The ME/CEFS case definition requires symptom per-
sistence of six or more months and a substantial
reduction in functioning. Substantial reduction in
function was a self-report item in the DSQ in which
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persons responded to a binary item: “Since the onset
of your problems with fatigue/energy, have your
symptoms caused a 50% or greater reduction in your
activity level?” This item has been found to be as
accurate as longer scales to identify patients with a
substantial reduction in functioning [40]. 48.8% of
participants at time point 2 met the Canadian diag-
nostic criteria for ME/CFS.

2.3. Statistical analysis and method for
replacing missing values

301 participants missing 10% or more of items
from the DSQ-1 were removed from analyses in
the current study. For those remaining participants,
missing values were replaced using a method depen-
dent on the nature of the missing value. Participants
could have missing data for either the frequency,
the severity, or for both dimensions of a symptom.
When a participant reported a “0” for either the
frequency or the severity of a symptom (but not
both), the corresponding missing score was replaced
with a “0.” For instance, if a participant reported
“0” for the frequency of a specific symptom, we
imputed a “0” for the severity of that symptom.
We reasoned that a symptom should occur “none
of the time” (frequency =0) if the symptom is “not
present” (severity =0). Next, if a participant reported
a frequency or severity score greater than “0” for
a symptom but did not report a corresponding fre-
quency or severity score, we reviewed every case
from the total sample that matched the participant’s
reported score and used those cases to calculate the
mode of the corresponding scores. The mode of the
corresponding scores was used to replace the partic-
ipant’s missing value. For instance, if a participant
responded ‘“2” for the frequency of a symptom but
was missing data for the severity of that symptom,
the missing severity score would be imputed by cal-
culating the mode severity score for every case that
also reported a “2” for the frequency of that symptom.
Finally, if a participant was missing scores for both
frequency and severity of a symptom, both missing
scores were replaced with the overall median scores
for that symptom among the rest of the population.

2.4. Statistical analysis

IBM SPSS Statistics version 25 [41] and R 4.1.0
statistical software (R Foundation for Statistical
Computing, Vienna, Austria) were used for all analy-
ses. An exploratory factor analysis was performed on

the 100-point symptom composite scores. A Promax
rotation (kappa=4) was used to allow the factors to
correlate, and the principal axis factoring method was
selected to determine the maximum amount of com-
mon variance between the factors. We determined
the appropriate number of factors to retain by con-
structing a parallel analysis using 5000 iterations
of our data using permutations and comparing the
changes in eigenvalues across consecutive factors to
those of our actual data. Factors from the actual data
were retained so long as their respective eigenvalue
exceeded that of the random data based on a 95%
confidence interval. Of the factors that were retained,
those preceding the Scree plot’s point of inflection
were assumed to be meaningful. Symptoms that did
not load onto any of the factors (rotated loading
<0.40) were dropped, and the analysis was repeated
until all symptoms loaded onto a factor.

3. Results
3.1. Initial symptoms during first two weeks

Prior to running an exploratory factor analy-
sis on the sample, the adequacy of the correlation
matrix was examined for items with high (>0.9) and
low (<0.3) correlations to ensure multicollinearity
was not present. The item alcohol intolerance was
removed as it correlated less than 0.3 with all items.
Bartlett’s test of sphericity was significant indicat-
ing the correlation matrix was not an identity matrix.
Kaiser-Meyer—Olkin’s measure of sampling ade-
quacy (0.94) indicated that the matrix was appropriate
for an exploratory factor analysis. Thereafter, the pat-
tern matrix was evaluated, and items loadings below
0.4 were removed until all item loadings were 0.4
or above. Eigenvalues were then examined and three
factors were identified based on the Scree plot. A par-
allel analysis was conducted and no additional factors
needed to be added. Based on the Scree plot, a three-
factor model was selected, and an exploratory factor
analysis was conducted. The three factors were (1)
“Cognitive Dysfunction”, (2) “Autonomic Dysfunc-
tion”, and (3) “Gastrointestinal Dysfunction” (See
Table 2). Factors 1, 2, and 3 explained 43.2%, 7.8
%, and 5.9% respectively, a total of 56.8%.

3.2. Most recent two weeks

Before running an exploratory factor analysis on
the sample, the adequacy of the correlation matrix
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Table 2
Time 1 factor loadings for each symptom (N =299)

Factor scores

Cognitive Autonomic Gastrointestinal
dysfunction dysfunction dysfunction
Absent-mindedness or forgetfulness 0.94
Slowness of thought 0.94
Problems remembering things 0.92
Difficulty finding the right word to say or 0.89
expressing thoughts
Only able to focus on one thing at a time 0.86
Difficulty paying attention for a long period of 0.86
time
Difficulty understanding things 0.85
Unable to focus vision and/or attention 0.77
Minimum exercise makes you physically tired 0.82
Fatigue / extreme tiredness 0.78
Physically drained or sick after mild activity 0.77
Next day soreness or fatigue after non-strenuous, 0.74
everyday activities
Dead, heavy feeling after starting to exercise 0.73
Need to nap daily 0.63
Feeling unrefreshed after you wake up in the 0.63
morning
Dizziness or fainting 0.60
Shortness of breath or trouble catching your 0.60
breath
Mentally tired after the slightest effort 0.56
Feeling like you had a high temperature 0.55
Pain or aching in your muscles 0.54
Fever 0.53
Feeling hot or cold for no reason 0.53
Pain / stiffness / tenderness in more than one 0.52
joint without swelling or redness
Feeling chills or shivers 0.51
Headaches 0.51
Difficulty breathing 0.50
Feeling unsteady on your feet, like you might fall 0.49
Chest pain 0.47
Abdomen / stomach pain 0.77
Irritable bowel problems 0.74
Bloating 0.69
Diarrhea 0.69
Nausea 0.54

Extraction method: Principal axis factoring. Rotation method: Promax with Kaiser normalization. Rotation

converged in 8 iterations.

was examined for items with high (>0.9) and low
(<0.3) correlations to ensure multicollinearity was
not present. Two items, namely alcohol intolerance
and sweating, that correlated less than 0.3 with all
items were removed. Bartlett’s test of sphericity
was significant indicating the correlation matrix was
not an identity matrix. KMO measure of sampling
adequacy (0.94) also indicated that the matrix was
appropriate. Thereafter, the pattern matrix was eval-
uated, and items loadings below 0.4 were removed
until all item loadings were 0.4 or above. 25 items
were removed. Eigenvalues were then examined and
three factors were identified based on the Scree plot.

A parallel analysis was conducted and no additional
factor needed to be added. Based on the Scree plot, a
three-factor model was selected, and an exploratory
factor analysis was conducted. The three factors were
labeled (1) “Cognitive Dysfunction” (2) “Autonomic
Dysfunction” and (3) “Post-Exertional Malaise” (See
Table 3). Factors 1, 2, and 3 explained 42.5%, 6.8 %,
and 5.7% respectively, a total of 55.0%.

3.3. Factor scores

Factor scores for the first two weeks of symptoms
(time 1) were computed by multiplying each variable
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Table 3
Time 2 factor loadings for each symptom (N =299)

Factor scores

Cognitive Autonomic Post-exertional
dysfunction dysfunction malaise
Problems remembering things 0.95
Absent-mindedness or forgetfulness 0.91
Difficulty understanding things 0.89
Only able to focus on one thing at a time 0.87
Slowness of thought 0.86
Difficulty breathing 0.85
Difficulty finding the right word to say or 0.84
expressing thoughts
Unable to focus vision and/or attention 0.69
Feeling chills or shivers 0.64
Feeling hot or cold for no reason 0.64
Problems staying asleep 0.63
Irritable bowel problems 0.63
Cold limbs (e.g. arms, legs, hands) 0.62
No appetite 0.59
Waking up early in the morning (e.g. 3am) 0.59
Nausea 0.55
Diarrhea 0.50
Feeling like you had a high temperature 0.47
Some smells, foods, medication, or chemical 0.42
make you feel sick
Problems falling asleep 0.42
Minimum exercise makes you physically tired 0.95
Physically drained or sick after mild activity 0.90
Dead, heavy feeling after starting to exercise 0.80
Next day soreness or fatigue after non-strenuous, 0.73
everyday activities
Fatigue / extreme tiredness 0.66
Mentally tired after the slightest effort 0.50

Extraction method: Principal axis factoring. Rotation method: Promax with Kaiser normalization. Rotation

converged in 6 iterations.

by its loading and summing them up. These factor
scores were related to CIS and the Canadian Con-
sensus Criteria at the most recent two weeks (time
2).

3.4. Predicting participant scores on the CIS

Multiple linear regression was used to test if
the three factors (Cognitive Dysfunction, Autonomic
Dysfunction and Gastrointestinal Dysfunction) at
time 1 significantly predicted the CIS scores at time
2. The overall regression was statistically signif-
icant (R2=0.20, F(3, 284)=23.78, p<.000). The
Autonomic Dysfunction factor score significantly
predicted CIS (B=0.004, p<.000), and the Gas-
trointestinal Dysfunction factor score significantly
predicted CIS (B=0.008, p<.002). The Cognitive
Dysfunction factor score did not significantly predict
CIS (3 =0.001, p=.34).

3.5. Predicting ME/CFS in COVID-19
participants

Logistic regression was used to analyze the rela-
tionship between three factors (Cognitive Dysfunc-
tion, Autonomic Dysfunction, and Gastrointestinal
Dysfunction) at the time 1 and Canadian ME/CFS
diagnosis at time 2. The resulting model explained
0.166 (Nagelkerke R Square) of the variation in
meeting the Canadian Criteria Diagnosis. It cor-
rectly classified 65.9% of cases. The Autonomic
Dysfunction factor score significantly predicted the
occurrence of the Canadian Consensus ME/CFS
case definition ($=0.002, p<.001), and the Gas-
trointestinal Dysfunction significantly predicted the
occurrence of the Canadian Consensus ME/CFS case
definition (3 =0.003, p<.04). The Cognitive Dys-
function was not a significant predictor (3=0.000,
p=.81).
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4. Discussion

This study assessed the latent constructs of Long
COVID-19 at two time points with a statistically ade-
quate sample size. Many prior studies have either not
examined Long COVID over time, had small sample
sizes, or did not use sophisticated classification meth-
ods. Our study found that two factors emerged during
both time points, namely Autonomic and Cognitive
Dysfunction, suggesting that these two domains rep-
resent important phenotypes of acute COVID and
Long COVID. Equally important are our findings
that a different third factor was present at each time
point. At the onset of COVID-19, gastrointestinal
symptoms emerged as a factor, while post-exertional
malaise symptoms emerged at time 2. Finally, higher
levels of autonomic and gastrointestinal symptoms
during the onset of COVID-19 appear to be predic-
tive of greater impairment at time 2, as measured by
the CIS and case definition ME/CFS.

Our study found that Cognitive and Autonomic
Dysfunction emerged as factors for both time points,
suggesting they are promising symptom constructs
for acute COVID and Long-COVID. This finding
is in line with the several studies that measured
COVID symptoms [23]. For example, D’Cruz and
colleagues [21] identified neurocognitive and auto-
nomic domains among the seven key domains of
PASC. Of the limited number of factor and principal
factor analyses conducted for two times, some simi-
lar findings did emerge with Guo et al.’s study [26],
which found neurological/psychiatric symptoms at
the first time point and neurological and gastroin-
testinal/autoimmune symptoms at the second time
point. However, we used different statistical methods
than Guo et al. [26], making comparisons more diffi-
cult. Still, our findings of Cognitive and Autonomic
Dysfunction as key factors can serve as a focal point
for further research so to help develop phenotypes of
acute and Long COVID.

We also found that gastrointestinal symptoms may
be predictive of later functioning as measured by the
CIS and ME/CFS criteria. D’Cruz and colleagues
[21] similarly found that gastrointestinal symptoms
were a key domain of PASC. Additionally, Yifan and
colleagues’ [25] factor analysis of COVID symptoms
resulted in three factors that included “gastrointesti-
nal complaints and pain.” Furthermore, Huber and
colleagues [42] identified that ME/CFS could be dif-
ferentiated into several subtypes, and two included
gastrointestinal symptoms. Gastrointestinal symp-
toms early on may be associated with later problems

in several studies. For example, Johnson and col-
leagues [43] found that 40% of adults with ME/CFS
reported having gastrointestinal symptoms occur-
ring in their youth. Similarly, Jason and colleagues
[44] found that both before and at the onset of
mononucleosis among college students, gastrointesti-
nal symptoms were predictive of ME/CFS after six
months of infection. The prominence of this symp-
tom in several studies suggests that it might represent
an early marker for those who do not recover from
viral illnesses.

In addition, another interesting finding was that
post-exertional malaise during time 2 emerged as a
factor. Davis et al. [ 14] also found that one of the most
common symptoms after six months of infection was
post-exertional malaise. While gastrointestinal symp-
toms initially emerged as a factor at time 1, these
symptoms became less prominent after the acute
illness. Conversely, post-exertional malaise became
more pronounced over time. It is certainly likely that
this might be related to the phenotype changing as
endurance and stamina problems, as witnessed by
post-exertional malaise items, become more promi-
nent over time.

Gastrointestinal and Autonomic time 1 factor
scores were predictors of a higher risk of the later
impact of COVID as well as ME/CFS. We have
already alluded to the potential importance of gas-
trointestinal symptoms, and our findings also suggest
that early autonomic symptoms could also be a pre-
dictor of later functional problems. Jason et al. [45]
identified risk factors for adolescent post-infectious
ME/CFS, utilizing a prospective, longitudinal design
in which over 300 teenagers with Infectious Mononu-
cleosis were identified through primary care sites and
followed. Baseline autonomic symptoms as well as
days spent in bed since mono, which reflect the sever-
ity of illness, were the only significant predictors of
those who met ME/CFES criteria at 6 months. Jason
et al.’s [45] and the current one suggest that early
autonomic factors could help underlie some of the
fundamental mechanisms that predispose some indi-
viduals to not recover from infectious illnesses such
as COVID and Infectious Mononucleosis.

A limiting factor of this study is that a substan-
tial number of participants were White/Caucasian. In
future research, it is important to recruit participants
from more diverse racial backgrounds so that the find-
ings are more generalizable. For our time 1 data, our
study utilized retrospective self-reporting; however,
a better design would be to collect data during the
initial infection. Also, the time point 2 data were col-
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lected at various times from the initial infection, and
future studies should have a more consistent time for
the second assessment. Another limitation is that we
did not include a control group of individuals who
were infected with SARS-CoV-2 yet did not have per-
sisting symptoms. Such a group would have allowed
us to document differences between the people who
recover and those who develop Long COVID. A final
limitation is that data were collected from individuals
who found out about the study through social media
sites, and this might have produced a biased sample.

5. Conclusion

Our study contributes to understanding the latent
factors of the acute and longer term symptomol-
ogy of COVID-19 by conducting exploratory factor
analyses at two time points. In addition, our study
was able to identify possible early acute factors
that might be related to the later development of
substantial limitations in functioning as well as the
development of ME/CFES. Others have also found that
COVID-19 survivors’ symptom burden remains high
with substantially lower health status [16]. Therefore,
identifying underlying factors of acute COVID and
Long COVID is key to developing predictive models
that will aid in better understanding the pathophys-
iology of this illness. These types of findings could
also be helpful to healthcare workers, as they may be
able to identify patients with these early predictors
and help them deter a negative trajectory that could
impede functioning in both family and work arenas.
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