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Original Research

Introduction

In 2020, the medical community was challenged by the 
Coronavirus Disease 2019 (COVID-19) pandemic, caused 
by Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2). This previously unidentified coronavirus 
infection has proved to be highly contagious, infecting over 
150 million people worldwide and causing over 3 million 
deaths as of May 2021.1 Patients with severe COVID-19 
often develop hypoxia secondary to pneumonitis which 
often require hospitalization, and this may progress to acute 

respiratory distress as part of a multisystem inflammatory 
disease which can necessitate Intensive Care Unit (ICU) 
care, mechanical ventilation, and may lead to death.
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Abstract
Objective: Persistent post-COVID symptoms are estimated to occur in up to 10% of patients who have had COVID-19. 
These lingering symptoms may persist for weeks to months after resolution of the acute illness. This study aimed to 
add insight into our understanding of certain post-acute conditions and clinical findings. The primary purpose was to 
determine the persistent post COVID impairments prevalence and characteristics by collecting post COVID illness data 
utilizing Patient-Reported Outcomes Measurement Information System (PROMIS®). The resulting measures were used 
to assess surveyed patients physical, mental, and social health status. Methods: A cross-sectional study and 6-months 
Mayo Clinic COVID recovered registry data were used to evaluate continuing symptoms severity among the 817 
positive tested patients surveyed between March and September 2020. The resulting PROMIS® data set was used to 
analyze patients post 30 days health status. The e-mailed questionnaires focused on fatigue, sleep, ability to participate 
in social roles, physical function, and pain. Results: The large sample size (n = 817) represented post hospitalized and 
other managed outpatients. Persistent post COVID impairments prevalence and characteristics were determined to 
be demographically young (44 years), white (87%), and female (61%). Dysfunction as measured by the PROMIS® scales 
in patients recovered from acute COVID-19 was reported as significant in the following domains: ability to participate 
in social roles (43.2%), pain (17.8%), and fatigue (16.2%). Conclusion: Patient response on the PROMIS® scales was 
similar to that seen in multiple other studies which used patient reported symptoms. As a result of this experience, we 
recommend utilizing standardized scales such as the PROMIS® to obtain comparable data across the patients’ clinical 
course and define the disease trajectory. This would further allow for effective comparison of data across studies to 
better define the disease process, risk factors, and assess the impact of future treatments.
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Although most patients eventually recover from their 
acute COVID-19 infection (<3 weeks), it has become well 
recognized that many patients continue to suffer from per-
sistent post-infectious symptoms including fatigue, dys-
pnea, pain, and palpitations.2-5 The prevalence of persistent 
post-COVID symptoms has been estimated at about 10% in 
the general population, and may be in excess of 70% in the 
post-hospital setting.2,3,6 While still being defined, these 
persistent symptoms (>28 days) can be collectively referred 
to as Post-Acute Sequelae of SARS-CoV-2 infection 
(PASC). As we currently have in excess of 147 million 
patients who have recovered from acute COVID-19 infec-
tion, there are likely several million people suffering from 
PASC worldwide. Some patients with PASC may suffer 
from persistent single symptoms such as anosmia versus 
others with multiple including diffuse pain, fatigue, and 
brain fog which is consistent with a post-COVID syndrome 
that mirrors other post viral illness. Having PASC and post-
COVID syndrome has led to disruption of work life, 
decreased productivity and financial hardship for many.7 
Elucidating the duration, frequency, and type of symptoms 
after acute COVID-19 infection will provide clarity to the 
post-COVID syndrome and enable better research into the 
underlying pathophysiologic mechanisms, thereby guiding 
individualized patient management.

Given the extreme infectivity of the SARS-CoV-2 virus, 
public health recommendations to minimize spread have 
included physical distancing, cancelling of many in person 
social events, and curtailing of travel. While these measures 
have been successful in reducing the spread of this highly 
contagious viral illness, there has also been a coincident 
increase in social isolation, depression, anxiety, and other 
adverse mental health conditions, including suicidal ide-
ation and substance abuse.8 These conditions are likely 
exacerbated by the financial impact of the pandemic which 
has left many without jobs and steady income. Assessment 
of impairments in the ability to participate in social roles 
and adverse impact on mental health could allow for early 
interventions and improved outcomes.

The Mayo Clinic COVID Frontline Care Team (CFCT) 
in Rochester, Minnesota has provided telemedicine care 
for over 36 000 patients who tested positive for COVID-
19 in the Midwest since March 2020, including follow up 
after hospital discharge.9,10 This telemedicine team was 
one of the multiple innovations undertaken by the Mayo 
Clinic in the COVID-19 response which has led to favor-
able patient outcomes including reductions in COVID-
related admission.11 Many of these patients reported 
persistent symptoms post COVID infection, primarily 
concerning impairments in functional aspects of life. The 
primary aim of this study was to determine the prevalence 
and characteristics of persistent physical and social impair-
ment after recovery from acute COVID-19 infection in the 
population served by the CFCT.

Methods

This retrospective cross-sectional survey study was 
approved by the Mayo Clinic Institutional Review Board. 
The Mayo Clinic maintains a COVID recovered registry 
which consists of patients identified by history of positive 
PCR for SARS-CoV-2 who meet the clinical definition of 
recovery from COVID-19 (either resolution of symptoms 
or >30 days post initial positive PCR test). Within this reg-
istry, a total of 7500 patients were identified as being from 
the Midwest region between March 1, 2020 and September 
12, 2020. Of these 7500 patients within this registry, 5604 
had an active patient portal in the electronic medical record 
(EMR) of which 4535 of these had documented research 
consent. These 4535 patients had been e-mailed a series of 
questionnaires on their patient portals by the clinical care 
team on September 12, 2020. The questionnaires sent out 
were select PROMIS® (Patient-Reported Outcomes 
Measurement Information System)12 Computer Adaptive 
Tests (CATs) for fatigue (v2.0), sleep disturbance (v1.0), 
sleep-related impairment (v1.0), ability to participate in 
social roles and activities (v2.0), physical function (v2.0), 
and pain interference (v1.1). A total of 825 (18.2%) patients 
responded to the surveys on the patient portal and of these, 
8 of the respondents did not have complete demographic 
information in their chart and so were not included in the 
final analysis. In summary, this analysis is based on the data 
linked between the available PROMIS® survey data of the 
817 patients with their COVID Recovery Registry data. 
(Figure 1). The average time span between testing positive 

Figure 1. Patient selection and response to questionnaires.
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for COVID-19 and completing the PROMIS® question-
naires was 68.3 ± 45.3 days.

Demographic characteristics were abstracted from the 
registry information and are presented in Table 1. Z-scores 
were calculated for respondents vs. non-respondents and 
their associated P-values are reported in Table 1. The 
PROMIS® questionnaires are scaled to fit a T-scale, which 
has a normal distribution with a mean score of 50 and each 
standard deviation being represented by 10 points, and 
have been clinically validated in multiple conditions. In 
particular, the PROMIS® questionnaires for fatigue,13-15 
pain interference,16-18 and ability to participate in social 
roles19 have been validated for syndromes such as fibro-
myalgia and chronic fatigue syndrome (CFS). These syn-
dromes have similarly diverse, chronic symptoms of 
incompletely defined etiology similar to the post-COVID 
syndrome. We chose the PROMIS® scales for fatigue, 
sleep, ability to participate in social roles, physical func-
tion, and pain based on frequently reported symptoms in 
post-COVID syndrome both in the literature and in our 
clinical experience. PROMIS® symptom scores >1 

standard deviation (SD) of the mean were considered 
moderate severity and scores >2 SD of the mean were 
considered severe.

Results

Characteristics of Respondents

The mean interval between initial positive PCR for SARS-
CoV-2 and survey response was 68.4 days. Demographics 
of the cohort are displayed in Table 1. Notably, the mean 
age of our respondent population was older than the non-
respondents (44 years vs 37 years, P < .001) and a greater 
proportion were female (61.1% vs 49.1%, P < .001). The 
majority of respondents spoke English as their primary lan-
guage (96.3%) which was again significantly higher than 
the proportion in non-respondents (86.3%). Conversely, 
patients who were not primarily English-speaking made up 
a lower proportion of respondents compared to non-
respondents (interpreter not needed: 1.5% vs 3.7%, 
P = .001; interpreter needed: 2.2% vs 8.1%, P < .001). The 

Table 1. Demographic Characteristics of Survey Respondents and Non-Respondents in the Recovery Cohort.

Non-respondents Respondents P-value

Total number of patients 3710 817  
Mean age 37 (17) 44 (17) <.001
Sex (%)  
 Female 1822 (49.1) 499 (61.1) <.001
 Male 1883 (50.9) 318 (38.9) <.001
 Unknown 5 (0.1) 0 (0) .29
Primary language (%)  
 English 3202 (86.3) 787 (96.3) <.001
 Non-English: Interpreter not needed 137 (3.7) 12 (1.5) .001
 Non-English: Interpreter needed 295 (8.1) 18 (2.2) <.001
Race (%)  
 American Indian/Alaskan Native 6 (0.2) 2 (0.2) .61
 Asian 92 (2.5) 21 (2.6) .88
 Black/African American 310 (8.6) 33 (4.0) <.001
 White 3002 (80.9) 707 (86.5) <.001
 Other 300 (8.3) 54 (6.6) .16

Table 2. Dysfunction on PROMIS Scales in Patients Recovered from Acute COVID-19.

Number of respondents 
(% of total)

Dysfunction on PROMIS domain (%)

 Any (>1 SD) Moderate (1-2 SD) Severe (>2 SD)

PROMIS domain
 Social roles 650 (79.6) 281 (43.2) 281 (43.2) 0 (0)
 Pain 738 (90.3) 131 (17.8) 103 (14.0) 28 (3.8)
 Fatigue 739 (90.6) 120 (16.2) 103 (13.9) 17 (2.3)
 Physical function 719 (88.0) 76 (10.6) 67 (9.3) 9 (1.3)
 Sleep 671 (82.1) 67 (10.0) 60 (8.9) 7 (1.0)
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racial composition of the respondent group was also differ-
ent from the non-respondent group with the proportion of 
White (86.5% vs 80.9%, P < .001) and Black patients 
(4.0% vs 8.6%, P < .001) reaching statistical significance.

PROMIS® Scores

Symptom severity as defined by PROMIS® scores is shown 
in Table 2 and illustrated in Figure 2. There was variation in 
response rate across the CATs ranging from 79.5% comple-
tion for the ability to participate in social roles CAT to 
90.5% on the fatigue CAT. PROMIS® scores >1 standard 
deviation worse than normal were noted in ability to partici-
pate in social roles (43.2%), pain interference (17.8%), 
fatigue (16.2%), physical function (10.6%), and sleep 
(10.0%). PROMIS® scores >2 standard deviations worse 
than normal were noted in pain interference (3.8%), fatigue 
(2.3%), physical function (1.3%), and sleep (1.0%).

Discussion

This retrospective cross-sectional survey study demon-
strates several important findings—(1) PASC symptoms 
(>30 days) are common in patients after resolution of acute 
COVID-19 disease and lead to impairment in ability to par-
ticipate in social roles and physical function, (2) PROMIS® 
scales reliably assess these symptoms and are comparable 

to findings in other survey studies, (3) survey tools for 
assessing post COVID symptoms preferentially select for 
the language the tool is delivered in, and (4) persistent 
PASC symptoms are more common in women.

The three most commonly impacted domains of the 
PROMIS® scale were ability to participate in social roles, 
fatigue, and pain interference, which is similar to symptoms 
reported in other studies of post-COVID syndrome which 
cite pain, fatigue, and dyspnea as the most common mani-
festations of the condition.2-4,6,7,20 These studies used patient 
reported symptoms, and not a standardized tool such as the 
PROMIS® survey. We believe the current study is the first 
to utilize the PROMIS® scales to assess physical and social 
dysfunction in patients with post-COVID syndrome, and 
one of the few to examine the social impact of post-COVID 
syndrome. A recent study conducted in the United Kingdom 
found that fatigue, pain, and social role deficiencies includ-
ing PTSD symptoms, anxiety/depression, and concentra-
tion problems were the among the most common 
post-discharge symptoms.3 Another recent CDC study 
reported that COVID-19 infections have been associated 
with adverse mental health conditions including substance 
use and suicidal ideation.5 Further, 8% of seropositive 
patients in a Swedish study of health care professionals 
reported disruption to their work life and 15% reported dis-
ruption to their social life.7 These findings reflect that 
patients with post-COVID syndrome not only suffer from 

Figure 2. Dysfunction in PROMIS domains in patients recovered from acute COVID-19.



Ganesh et al 5

higher symptom burden but are impaired in their ability to 
participate in social roles, which may have further interplay 
with symptom progression.

The PROMIS® surveys were delivered in English, 
which was a limitation of this study, as it led to statisti-
cally significant predominance of respondents being 
White/Caucasian as well as predominantly English-
speaking. We also observed decreased response rates in 
traditionally underserved groups including Black and 
other racial minorities who are not primarily English-
speaking. This may have been due to factors other than 
language including decreased trust of the medical estab-
lishment, decreased access to technology to access the 
patient portal and questionnaires, as well as compara-
tively poor health literacy and engagement.

One notable difference between our study population 
and that described in the previous literature is in the age of 
our demographic. The mean age of our patient population 
was 44.4 years, which is significantly lower than the mean 
ages previously reported for persistent post-COVID symp-
toms of 56.5 years2 and 70.5 years.3 We also report a higher 
incidence of females in our population than previously 
reported—61.1% as compared to 37.1%,2 48.5%,3 and 
48.1%.5 There are existing data suggesting that women 
have a distinctly different COVID-19 immune response as 
compared to men.21 Additionally, a longitudinal app-based 
survey of symptoms in London demonstrated a similar 
increased prevalence of persistent post-COVID symptoms 
in women (14.9% of all recovered patients vs 9.5% in 
men).22 Based on this information, it is reasonable to 
hypothesize that sex differences in immune response to 
COVID-19 may be associated with development of persis-
tent post-COVID symptoms.

The average duration of symptoms at the time of our 
survey was 68.4 days, which reinforces the existing data 
and our understanding of the duration of persistent post-
COVID symptoms.4,5 Additionally, our findings confirm 
that the post-COVID syndrome may occur across a spec-
trum of acute illness severity, ranging from those managed 
outpatient to those severe enough to require hospitaliza-
tion. We also demonstrate that the duration of post-COVID 
symptoms in patients who received outpatient manage-
ment has the potential to extend to a period similar to that 
of patients who were hospitalized.2-4 That the most com-
monly reported post-discharge symptoms remained con-
gruous suggests a common underlying etiology to the 
development of persistent post-COVID symptoms which 
is at least partially independent of age or acute illness 
severity. Understanding of the underlying process is the 
subject of multiple ongoing research efforts.

Our sample size is large and heterogeneous, representing 
both patients who are post-hospitalization as well as those 
who were never admitted. This compares favorably to previ-
ous study sample compositions—817 patients in our sample 

compared to 143,2 191,3 292,5 and 177.4 We do however 
recognize limitations inherent to our cross-sectional study 
design related to generalizability and inability to assess cau-
sation. The survey data collected in this trial was clinical 
survey data and utilized the patient portal system of our 
institution. As such, there was only one mailing and if the 
patient did not return to the health care facility there was no 
other opportunity to complete the surveys, therefore we do 
not know the reason for the non-responses, We recognize 
that the response rate or these surveys is low (18.2%) but it 
should be recognized that the response rates of surveys have 
been steadily declining in recent years.23-28 and the response 
rate of 18.2% is actually on the upper end of standard sur-
vey response rate (14.2%) for electronic surveys.29 In addi-
tion to the limitations discussed above regarding the 
characteristics of respondents, there is likely some response 
bias in that those with more severe symptoms were more 
likely to respond. PROMIS® scales exist for a wide array of 
symptoms including for psychological disturbance and 
additional scales for anxiety and depression could be 
employed to better delineate social and psychological 
impacts post COVID. One limitation here, however, is that 
some common post-COVID symptoms such as dyspnea, 
anosmia, and orthostatic intolerance do not have a matching 
scale in the PROMIS® ecosystem, so would need to be 
assessed with a separate symptom scale. A final limitation is 
that the PROMIS® survey data was only collected once post 
COVID-19. Although this provided us with good data on 
the mental and physical health of the patients post-
COVID-19 compared to the normal US population, it would 
have been ideal if the patient had other PROMIS® measures 
on file, such as pre-COVID-19 or during COVID-19 in 
order to monitor progression of mental and physical health.

Conclusion

Persistent symptoms are common after resolution of acute 
COVID infection, particularly in women. These symptoms 
are reliably assessed using PROMIS® scales which are 
readily administered via the EMR. Based on this, we advo-
cate the use of the PROMIS® scales as a standardized mea-
surement tool to ensure consistency across studies.
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