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What Is Known

• Post-acute COVID-19 syndrome (PACS, or long COVID)
is characterized by persistent and debilitating symp-
toms that are still present at least 4 wks after initial infec-
tion. Symptoms often occur in the absence of severe
acute infection or preexisting comorbidities. Millions
of Americans are at risk of developing PACS.

What Is New

• The presence of persistent PACS symptoms negatively
impacts physical and cognitive function, health-related
quality of life, and participation in society. Physical ex-
ertion and dehydration are the major factors causing
symptom exacerbation. Sixty-three percent of patients
scored for at least mild cognitive impairment.
Objective: This report describes persistent symptoms associated with
post-acute COVID-19 syndrome (PACS) and the impact of these
symptoms on physical function, cognitive function, health-related
quality of life, and participation.
Design: This study used a cross-sectional observational study design.
Patients attending Mount Sinai’s post-acute COVID-19 syndrome
clinic completed surveys containing patient-reported outcomes.
Results: A total of 156 patients completed the survey, at a median
(range) time of 351 days (82–457 days) after COVID-19 infection.
All patients were prevaccination. The most common persistent symp-
toms reported were fatigue (n = 128, 82%), brain fog (n = 105, 67%),
and headache (n = 94, 60%). The most common triggers of symptom
exacerbation were physical exertion (n = 134, 86%), stress (n = 107,
69%), and dehydration (n = 77, 49%). Increased levels of fatigue (Fatigue
Severity Scale) and dyspnea (Medical Research Council) were reported,
alongside reductions in levels of regularly completed physical activity.
Ninety-eight patients (63%) scored for at least mild cognitive impairment
(Neuro-Qol), and the domain of the EuroQol: 5 dimension, 5 level most
impacted was Self-care, Anxiety/Depression and Usual Activities.
Conclusions: Persistent symptoms associated with post-acute
COVID-19 syndrome seem to impact physical and cognitive function,
health-related quality of life, and participation in society. More re-
search is needed to further clarify the relationship between COVID-
19 infection and post-acute COVID-19 syndrome symptoms, the un-
derlying mechanisms, and treatment options.
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A fter the dramatic influx of patients with persistent, debilitat-
ing symptoms after acute SARS-CoV-2 (COVID-19) infec-

tion, the National Institutes of Health announced an initiative to
fully investigate the post-acute sequelae of COVID-19 (post-acute
COVID-19 syndrome [PASC]). Post-acute COVID-19 syndrome
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can take many forms, from post–intensive care unit syndrome1 to
pulmonary fibrosis secondary to aggressive COVID-19 pneu-
monia.2 However, PACS (also known as long COVID) is one
of the most troubling manifestations of PASC that has been re-
ported to date. It is characterized by persistent symptoms that
are still present at least 4 wks after initial infection and often
lasting for several months.3 Despite the highly debilitating na-
ture of PACS, the long-lasting symptoms often occur in the ab-
sence of severe acute infection, medically explainable physical
symptoms, or preexisting comorbidities.4–6

Several studies have documented the most common per-
sistent symptoms after severe COVID-19 infection. These
symptoms include fatigue, dyspnea, “brain fog”/various cogni-
tive symptoms, pain, anxiety, depression, and gastrointestinal
issues.3,4,6–9 In these cohorts, the symptoms arising from
COVID-19 increased disability and negatively impacted phys-
ical function and quality of life7,8 and affected participation in
general life activities and the ability towork.9 There is a critical
need to classify the prevalence of specific persistent symptoms
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TABLE 1. Patient (N = 156) baseline demographic and COVID-19–
related data

All Patients
(N = 156)

Confirmed
COVID-19
(n = 87)

Presumed
COVID-19
(n = 69)

Female 107 (69) 54 (62) 53 (77)
Age, median (range), yr 44 (13–79) 45 (13–79) 44 (14–79)
BMI, median (range), kg/m2 24 (16–52) 24 (17–52) 24 (16–42)
Race
White 119 (76) 65 (75) 54 (78)
Asian 8 (5) 3 (3) 5 (7)
Black or African
American

6 (4) 4 (5) 2 (3)

American Indian or
American Native

2 (1) 1 (1) 1 (1)

Native Hawaiian or
Pacific Islander

0 (0) 0 (0) 0 (0)

Other 15 (10) 8 (9) 7 (10)
Hispanic or Latinx 10 (7) 3 (4) 7 (10)
Duration of symptoms,
median (range), d

351 (82–457) 350 (157–424) 355 (82–457)

PCR completed 98 (63) 57 (66) 41 (59)
PCR positive 34 (22) 34 (39) 0 (0)
Antibody test completed 149 (96) 86 (99) 63 (91)
Antibody positive 80 (51) 80 (92) 0 (0)
PCR and/or antibody positive 87 (56) 87 (100) 0 (0)
Hospitalized for COVID-19 17 (11) 16 (18) 1 (1)
Received COVID-19
vaccinationa

87 (56) 45 (52) 42 (61)

Most prevalent comorbidities
Cancer (any type) 30 (20) 10 (11) 20 (29)
Asthma 30 (20) 13 (15) 17 (25)
Anxiety 18 (12) 12 (14) 6 (9)
Depression 13 (8) 8 (9) 5 (7)
Hypertension 11 (7) 7 (8) 4 (6)

Data are presented as n (%) unless otherwise indicated.
aAll COVID-19 vaccination occurred after COVID-19 infection.

BMI, body mass index.
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that follow acute COVID-19 infection and the impact of these
symptoms on patient-reported outcomes that are well validated
in other conditions. This will facilitate the establishment of di-
agnostic criteria for PACS and accurate tracking of responses
to various prospective therapies.

It has been hypothesized that persistent symptoms after
acute COVID-19 infection result from an immune-mediated
disruption to the autonomic nervous system.10,11 Similar to
other postviral autoimmune conditions (such as Guillain-
Barré syndrome), COVID-19 infection seems to act as an im-
mune trigger.12 This immune response, coupled with a lack
of access to acute COVID-19 treatments offered only in a hos-
pital setting, may explain why even those with less severe acute
infection are still experiencing persistent symptoms.

It is clear that in the wake of the COVID-19 pandemic, a
second, longer-term public health emergency has emerged. It
is imperative to understand the burden of this novel condition
with millions Americans at risk of developing PACS by the
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
end of the pandemic. This study describes the persistent symp-
toms reported by a cohort of patients with PACS, the majority
of whom were infected with COVID-19 in early 2020 and not
hospitalized. The impact of these symptoms on physical func-
tion, cognitive function, health-related quality of life, and par-
ticipation is also reported.

METHODS
This was a retrospective observational study of patients at-

tending Mount Sinai’s PACS clinic. Approval for publication
was provided and requirement for patient consent was waived
by the Mount Sinai Program for Protection of Human Subjects
(IRB 21-01147). This study conforms to all strengthening the
reporting of observational studies in epidemiology guidelines
and reports the required information accordingly (see Supple-
mentary Checklist, Supplemental Digital Content 1, http://
links.lww.com/PHM/B417).

Participants
This was a convenience sample exploring symptom char-

acteristics of patients attending the Mount Sinai’s PACS clinic.
This is an interdisciplinary clinic consisting of physicians,
physical therapists, and dietitians. Patients were either referred
by a physician or self-referred. All patients had confirmed (by
polymerase chain reaction [PCR] and/or antibody test) or prob-
able (diagnosed by a medical doctor in accordance with World
Health Organization recommendations13) previous COVID-19
infection and diagnosis of PACS (defined as experiencing
symptoms >12 wks since initial symptom onset). Inclusion
criteria for the present study were attending the Mount Sinai’s
PACS clinic between March 2020 and March 2021 and com-
pletion of the patient-reported outcome survey.14 There were
no exclusion criteria.

Data Collection and Outcomes
Data were collected using REDCap (Research Electronic

Data Capture) electronic data capture tools hosted at Mount Si-
nai Health System. REDCap is a secure, web-based application
designed to support data capture for research studies. Partici-
pants were provided with a link to the survey via e-mail on
March 14, 2021, as part of their clinical care.

Baseline demographic data included sex, age, body mass
index, race, and comorbidities. COVID-19 clinical data in-
cluded duration of COVID-19 symptoms (at survey comple-
tion), PCR (obtained from nasopharyngeal swab), and anti-
body test completion and results, need for hospitalization at
time of COVID-19 infection, and vaccination status.

Patient-reported outcomes included current persistent symp-
toms and triggers of symptom exacerbation, and screening tools
for fatigue (Fatigue Severity Scale, Fatigue Visual Analog Scale),
breathlessness (Medical Research Council Breathlessness Scale),
completion of regular moderate and vigorous intensity physi-
cal activity (author developed), cognitive function (Neuro-Qol),
health-related quality of life (EuroQol: 5 dimension, 5 level
[EQ-5D-5L]), anxiety (generalized anxiety disorder scale
[GAD-7]), depression (patient health questionnaire-2 [PHQ-2]),
disability (World Health Organization Disability Assessment
Schedule), and pre– and post–COVID-19 employment status (au-
thor developed).
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FIGURE 1. Most commonly reported persistent symptoms by all patients (N = 156).
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Statistical Analyses
Statistical analyses were undertaken with Stata (Stata Sta-

tistical Software Release: V.14; StataCorp). Datawere analyzed
using descriptive statistics and reported using number and per-
centage, or median and range.
RESULTS
The survey was sent to 386 patients, with 156 (48%)

responding. The median (range) time to follow-up time since
the onset of COVID-19 infection was 351 days (82–457 days;
Table 1). The most common symptoms reported were fatigue
(n = 128, 82%), brain fog (n = 105, 67%), headache (n = 94,
60%), sleep disturbance (n = 92, 59%), and dizziness (n = 85,
54%; Fig. 1). The most common triggers of symptom exacer-
bation reported were physical exertion (n = 134, 86%),
stress (n = 107, 69%), dehydration (n = 77, 49%), weather
changes (n = 58, 37%), consuming large meals (n = 44, 28%),
FIGURE 2. Levels of moderate (A) and vigorous (B) intensity physical activity
in all patients (N = 156).

50 www.ajpmr.com
premenstrual period (n = 34, 22%), and alcohol consumption
(n = 34, 22%).

The median (range) Fatigue Severity Scale average score
was 5.6 (1–7) of 7, with 122 patients (78%) reporting an Fa-
tigue Severity Scale average score of 4 or greater, indicating
problematic fatigue. Sixty-three patients (40%) reported a
score of 3 or more (of 5) on the Medical Research Council
Breathlessness Scale, suggesting moderate to severe disability
due to dyspnea. When compared with pre–COVID-19 infec-
tion levels, patients were completing 150 mins/wk of physical
activity less frequently after COVID-19 infection, when asked
separately about moderate and vigorous intensities (Fig. 2).

Ninety-eight patients (63%) scored for at least mild cogni-
tive impairment on the Neuro-Qol (Fig. 3). The domains of the
EQ-5D-5L impacted the most (reported as slight problems or
greater) were self-care, anxiety/depression, and usual activities
(Table 2). The median (range) EQ-5D-5LVisual Analog Scale
score was 64 (6–99) of 100, with a higher score indicating
greater health-related quality of life. Twenty-nine patients
regularly completed (150mins/wk) before and after COVID-19 infection

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.



FIGURE 3. Neuro-QoL level of impairment according to t scores in
patients who completed the measure (n = 155). Neuro-QoL scores have
a mean of 50 and SD of 10 in a referent population. T scores 40–45
indicate mild dysfunction, t scores 30–40 indicate moderate
dysfunction, and t scores less than 30 indicate severe dysfunction.
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(19%) scored 10 or greater on the GAD-7, indicating possible
anxiety disorder. Forty-three patients (28%) scored 3 or greater
on the PHQ-2, indicating possible major depressive disorder.
The median (range) World Health Organization Disability As-
sessment Schedule total score was 14 (0–44) of 100. A total of
134 patients (86%) answered pre– and post–COVID-19 em-
ployment questions; the number of patients in full-time work
reduced from 102 (76%) pre–COVID-19 to 55 (41%) at the
time of follow-up (Fig. 4).
DISCUSSION
This observational study of a cohort of patients with PACS

reported that COVID-19–related symptoms are persistent for at
least 2 mos, and often longer than 12 mos, with fatigue, brain
fog, sleep disturbance, dizziness, dyspnea,memory loss, and palpi-
tations being identified as the most common. The most common
triggers of symptom exacerbation in this cohort were physical
exertion, stress, and dehydration. The negative impact of PACS
on a variety of patient-reported outcomes has been demonstrated.

Just less than 50% of the patients included in this study
had a negative PCR test or tested seronegative for antibodies.
TABLE 2. Patient (N = 156) responses to the EQ-5D-5L

No Problems Slight Problems M

Domain
Mobility 68 (44) 42 (27)
Self-care 23 (15) 48 (31)
Usual activities 29 (19) 64 (41)
Pain discomfort 113 (72) 26 (17)
Anxiety/depression 26 (17) 59 (38)

Data are presented as n (%).

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
Issues relating to false-negative rates are well documented with
PCR testing.15–17 Similarly, there is literature to support the idea
that antibody levels in patients who experienced less severe
acute infection tend to fade rapidly.18 In acknowledgement of
the potential for health disparities to rapidly arise from an over-
reliance on COVID-19 tests, the Centers for Disease Control and
Prevention has recently recommended against using seropositive
status as the sole diagnostic criteria for any post-acute sequelae
of COVID-19.19 To fully understand all of the possible presen-
tations of PACS, studies must incorporate and report data from
both seronegative and seropositive patient populations.

The most common symptoms observed in this cohort are
consistent with those previously reported.3,6,20–23 The pattern
of PACS symptoms resembles other postviral syndromes, in-
cluding dysautonomia,24 postural orthostatic tachycardia syn-
drome,25 and myalgic encephalomyelitis.26 It is unsurprising
that physical exertion was the most common cause of symptom
exacerbation, as this is a feature shared by some of these con-
ditions. The potential for the worsening of symptoms after
physical exertion is the most important consideration when
prescribing rehabilitation therapies for people with PACS.27

The presence of cognitive dysfunction in more than half
(63%) of patients, in combination with reduced usual activities
and self-care scores on the EQ-5D-5L, highlights that patients
with PACS may have a reduced ability to participate in society.
Employment was also impacted in most patients; however, it is
difficult to determine whether this was specifically due to dis-
ability related to COVID-19 infection or possibly to the broader
implications of the pandemic on the ability for workplaces to op-
erate as usual. Levels of self-reported physical activity were
greatly reduced, likely coinciding with the potential for symptom
exacerbation; this raises concerns given the known longer-term
health risks of physical inactivity.28

The proportion of participants reporting anxiety (19%)
and depression (28%) on the PHQ-2 and GAD-7 was slightly
higher than reported as part of their medical history; however,
it was similar to what is expected in the normal population29

and lower than that observed in chronic individuals with ob-
structive pulmonary disease30 and cardiac disease.31 However,
these levels were greater than what participants’ reported as
part of their pre–COVID-19 medical history. With a lack of
pre–COVID-19 PHQ-2 and GAD-7 data available, it is diffi-
cult to make conclusions about the impact of PACS on anxiety
and depression.

Some limitations of the present study include the use of
clinical survey data answered in retrospect, a lack of compari-
son group, and/or pre–COVID-19 measures. In addition, the
oderate Problems Severe Problems Extreme Problems

28 (18) 17 (11) 1 (1)
39 (25) 35 (22) 11 (7)
45 (29) 11 (7) 7 (4)
12 (8) 5 (3) 0 (0)
49 (31) 16 (10) 6 (4)
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FIGURE 4. Employment status before and after COVID-19 infection in participants who answered employment questions (n = 134).
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use of noncondition-specific patient-reported outcomes can in-
crease the risk of inaccuracy and recall bias.

CONCLUSIONS
The presence of persistent symptoms associated with PACS

seems to impact physical and cognitive function, health-related
quality of life, and participation in society. The data reported
contribute to the recognition and research of long COVID as
recommended by the World Health Organization32 and will
help inform future rehabilitation strategies.
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