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BACKGROUND: Previous work has demonstrated that
patients experience functional decline at 1–3 months
post-discharge after COVID-19 hospitalization.
OBJECTIVE: To determine whether symptoms persist
further or improve over time, we followed patients
discharged after hospitalization for severe COVID-19 to
characterize their overall health status and their physical
and mental health at 6 months post-hospital discharge.
DESIGN: Prospective observational cohort study.
PARTICIPANTS: Patients ≥ 18 years hospitalized for
COVID-19 at a single health system, who required at min-
imum 6 l of supplemental oxygen during admission, had
intact baseline functional status, andweredischargedalive.
MAINMEASURES:Overall health status, physical health,
mental health, and dyspnea were assessed with validated
surveys: the PROMIS® Global Health-10 and PROMIS®
Dyspnea Characteristics instruments.
KEY RESULTS: Of 152 patients who completed the 1
month post-discharge survey, 126 (83%) completed the 6-
month survey. Median age of 6-month respondents was
62; 40%were female. Ninety-three (74%) patients reported
that their health had not returned to baseline at 6months,
and endorsed amean of 7.1 symptoms. Participants’ sum-
mary t-scores in both the physical health and mental
health domains at 6 months (45.2, standard deviation
[SD] 9.8; 47.4, SD 9.8, respectively) remained lower than
their baseline (physical health 53.7, SD 9.4; mental health
54.2, SD 8.0; p<0.001). Overall, 79 (63%) patients reported
shortness of breath within the prior week (median score 2
out of 10 (interquartile range [IQR] 0–5), vs 42 (33%) pre-
COVID-19 infection (0, IQR 0–1)). A total of 11/124 (9%)
patients without pre-COVID oxygen requirements still
needed oxygen 6 months post-hospital discharge. One
hundred and seven (85%) were still experiencing fatigue
at 6 months post-discharge.
CONCLUSIONS: Even 6 months after hospital discharge,
the majority of patients report that their health has not
returned to normal. Support and treatments to return
these patients back to their pre-COVID baseline are ur-
gently needed.
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INTRODUCTION

It is now clear that the impact of COVID-19 extends beyond
the ramifications of acute illness such as hospitalization. Sev-
eral studies have demonstrated persistent symptoms resulting
in functional decline 1–3 months post-hospital discharge after
admission for COVID-19.1–5 Patient-led research has also
begun to describe a COVID-19 “long hauler” syndrome.6 To
determine whether symptoms improve over time or persist, we
followed a prospective cohort of patients discharged after
admission for severe COVID-19 to characterize overall health
status, physical and mental health, and dyspnea at 6 months
post-hospital discharge. We compared patients’ responses at 6
months post-hospital discharge to their responses at 1 month
post-hospital discharge and to their reported baseline before
COVID-19 illness.

METHODS

This single health system observational cohort study has been
previously described.7 Briefly, using the electronic health
record (EHR) we screened consecutive COVID-19 discharges
between April 15, 2020, and May 30, 2020, from hospitals in
our health system. Our health system includes three hospitals
admitting adult COVID-19 patients across urban and suburban
settings and encompasses large academic quaternary-level
hospitals and smaller community hospitals. Eligible patients
were at least 18 years old who were hospitalized with
laboratory-confirmed SARS-CoV-2, required at minimum
6 l of supplemental oxygen (as documented in their EHR
flowsheet) during their admission, had intact baseline
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cognitive and functional status, and were alive at the initial
study contact. Patients who received supplemental oxygen via
nasal cannula or other devices, non-invasive mechanical ven-
tilation, or mechanical ventilation were included.
A total of 538 COVID-19 discharges were identified, of

which 137 met exclusion criteria. Of the 397 remaining eligi-
ble discharges, 236 were not enrolled and 161 patients were
consented. Additional enrollment details, including a flow
diagram of enrolled participants, are detailed in our 1-month
outcomes paper.7 Cohort characteristics such as age, sex, race,
and language were obtained from the EHR.

Instruments

Data collection for patients’ baseline and 1-month scores has
been previously described.7 Outcomes were obtained through
val idated PROMIS (Pat ient -Repor ted Outcomes
Measurement Information System) survey instruments (see
Supporting Information from the 1-month outcomes study).7

Baseline symptoms were elicited during the 1-month survey
by prefacing the baseline questions with the following state-
ment, “You will now answer the same questions again. This
time, however, please answer them by thinking back to how
you felt before you ever got sick with the coronavirus infec-
tion. Answer with the option that best fits how you usually felt
in your day-to day life.” Six-month PROMIS items were
identical to baseline and 1-month items, but were prefaced
with the following statement, “I’m going to ask you a series of
questions about how you’ve been feeling over the past 7 days.
Please answer with the option that best fits how you’ve been
feeling generally” (Appendix 1).
Overall health status and mental health were determined

with the PROMIS® Global Health-10 instrument.8 Items in
this 10-point standardized psychometric instrument are con-
verted to a 5-point scale, in which higher scores indicate better
health. Physical and mental health summary scores are pro-
duced using four items each. Raw scores for these domains are
converted to normed t-scores. These scores are standardized
such that a score of 509 represents the mean (standard devia-
tion) for the US general population. The remaining two items
relate to general health and how well social activities are
carried out and are scored individually. If patients reported
their health had not returned to baseline, we conducted a 22-
point review of systems (ROS), in which patients were asked
if they had experienced each symptom over the past week. The
ROS list we developed is based on patient-reported symptoms
shared by COVID-19 patient advocacy organizations.10 We
aggregated the term “brain fog” with “cognitive fuzziness”
and “difficulty concentrating” because while “brain fog” and
“cognitive fuzziness” are not medical terms or diagnoses, they
have emerged as frequent descriptors by patients to character-
ize their experiences.
Dyspnea outcomes at 6 months were elicited using the

PROMIS® Dyspnea Characteristics instrument.9 The first

four items use a 0–10 numeric rating scale (where 0 represents
no shortness of breath and 10 represents the worst possible
shortness of breath) and the last item uses a 5-point Likert
scale (where 1 represents the participant has been short of
breath “not at all” and 5 represents that the participant has
been short of breath “very much”). The first item asks partic-
ipants to rate their shortness of breath in general. If the partic-
ipant has no shortness of breath, the instrument stops there and
items 2–4 are assigned a score of 0, and item 5 is assigned a
score of 1. If the participant reported shortness of breath, we
asked the remaining four items, which address the intensity,
frequency, duration, and severity of dyspnea. We conducted a
subgroup analysis of patients who had shortness of breath
prior to COVID-19, comparing their shortness of breath se-
verity before and after COVID-19. We also conducted a
subgroup analysis of patients who required intensive care unit
(ICU) level care during hospitalization.

Statistical Analyses

We used the Wilcoxon signed rank test or paired t-test as
appropriate to compare patients’ 6-month outcomes to their
baseline and to their 1-month results. For score-based analy-
ses, patients with incomplete surveys were excluded from the
calculation of total scores. Data were analyzed using SAS
version 9.4 (SAS Institute, Cary, NC). All analyses were
two-tailed and we treated a p value of <0.05 as significant.

RESULTS

Of 152 patients who completed the survey at 1-month post-
discharge, 126 (83%) completed the 6-month survey (2 re-
fused, 24 could not be reached). Non-responders at 6 months
were slightly younger and more likely to be male but were
otherwise similar to responders (Table 1). Six-month non-
responders’ overall health status, physical and mental health,
and dyspnea outcomes at baseline and 1 month (Appendix 2)
were about the same or slightly better than 6-month respon-
dents’ outcomes at those time points (Table 2). Review of our
EHR for these 6-month non-respondents revealed no evidence
that any of these patients died; however, we may have missed
deaths occurring outside the health system.
Six-month survey completion occurred at a median of 188.5

days (range 180–235) after hospital discharge. Median age of
6-month respondents was 62 and 40% were female (Table 1).
Forty-four (35%) received tocilizumab, and 17 (14%) received
steroids. Initial D-dimer for this group was 419 (IQR 265–
723) and first c-reactive protein was 141 (85–192). Over the
past 6 months since hospital discharge after hospitalization for
COVID-19, 19 (15%) patients reported an emergency depart-
ment visit after hospital discharge, and 10 (8%) reported
hospital readmission.
Ninety-three (74%) patients reported that their health had

not returned to baseline at 6 months. Overall, patients reported
worse general health (median score “good,” IQR “good”
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–“very good”) compared to baseline (median “very good,”
IQR “good” –“excellent”), though slightly improved from 1-
month post-discharge (median “good,” IQR “fair” –“very
good,” p=0.034) (Table 2). Similarly, participants’ summary

t-scores in both the physical health and mental health domains
at 6 months (45.2, standard deviation [SD] 9.8; 47.4 SD 9.8,
respectively) remained significantly lower than their baseline
(physical health 53.7, SD 9.4; mental health 54.2 SD 8.0;

Table. 1 Cohort Characteristics

Characteristics Completed 1-month
survey
(N=152)

Completed 6-month
survey
(N=126)

Did not complete 6-month
survey
(N=26)

Median (IQR), or N (%)

Age (years), median (IQR) 62 (51, 68) 62 (52, 68) 58 (49, 66)
Female 57 (37.50) 51 (40.48) 6 (23.08)
Race/ethnicity
Non-Hispanic White 69 (45.39) 60 (47.62) 9 (32.62)
Hispanic 32 (21.05) 24 (19.05) 8 (30.77)
Other/multiracial 16 (10.53) 13 (10.32) 3 (11.54)
Asian 16 (10.53) 13 (10.32) 3 (11.54)
Non-Hispanic Black 13 (8.55) 10 (7.94) 3 (11.54)
Unknown 6 (3.95) 6 (4.76) 0
Language
English 117 (76.97) 96 (76.19) 21 (80.77)
Spanish 26 (17.11) 23 (18.25) 3 (11.54)
Russian 4 (2.63) 3 (2.38) 1 (3.85)
Bengali 2 (1.32) 2 (1.59) 0
Arabic 1 (0.66) 0 1 (3.85)
Cantonese 1 (0.66) 1 (0.79) 0
Mandarin 1 (0.66) 1 (0.79) 0
Interpreter needed 27 (17.76) 24§ (19.04) 2 (7.69)
Insurance
Commercial 60 (39.47) 49 (38.89) 11 (42.31)
Medicare 52 (34.21) 43 (34.13) 9 (34.62)
Medicaid 36 (23.68) 30 (23.81) 6 (23.08)
Unknown 4 (2.63) 4 (3.17) 0
Smoking status
Never, including passive exposure 92 (60.53) 77 (61.11) 15 (57.69)
Former 39 (25.66) 30 (23.81) 9 (34.62)
Current 4 (2.63) 4 (3.17) 0
Unknown 17 (11.18) 15 (11.90) 2 (7.69)
Any chronic condition 126 (82.89) 105 (83.33) 21 (80.77)
Chronic kidney disease 13 (8.55) 11 (8.73) 2 (7.69)
Cancer 12 (7.89) 10 (7.94) 2 (7.69)
Coronary artery disease 13 (8.55) 12 (9.52) 1 (3.85)
Diabetes 55 (36.18) 48 (38.10) 7 (26.92)
Heart failure 8 (5.26) 7 (5.56) 1 (3.85)
Hyperlipidemia 70 (46.05) 62 (49.21) 8 (30.77)
Hypertension 90 (59.21) 76 (60.32) 14 (53.85)
Asthma or chronic obstructive pulmonary disorder 35 (23.03) 27 (21.43) 8 (30.77)
BMI† class
BMI <25 kg/m2 23 (15.13) 21 (16.67) 2 (7.69)
BMI 25 to <30 kg/m2 46 (30.26) 39 (30.95) 7 (26.92)
BMI 30 to <40 kg/m2 61 (40.13) 50 (39.68) 11 (42.31)
BMI ≥ 40 kg/m2 21 (13.82) 15 (11.90) 6 (23.08)
Unknown 1 (0.62) 1 (0.79) 0
Length of stay (days) 18.5 (10, 32) 18.5 (10, 31) 18.5 (12, 34)
Intensive Care Unit stay 68 (44.74) 57 (45.24) 11 (42.31)
Maximum type of respiratory support
Mechanical ventilation 57 (37.50) 47 (37.30) 10 (38.46)
High flow 28 (18.42) 23 (18.25) 5 (19.23)
Nasal cannula/simple mask 67 (44.08) 56 (44.44) 11 (42.31)
Received ECMO 11 (7.24) 9 (7.14) 2 (7.69)
Received tocilizumab 57 (37.50) 44 (34.92) 13 (50.00)
Received steroids 20 (13.16) 17 (13.49) 3 (11.54)
First D-dimer, median (IQR) 419 (266, 673) 419 (265, 723) 415 (267, 592)
First C-reactive protein, median (IQR) 139.35 (82.94, 191.23) 141.40 (84.70, 192.35) 131.95 (66.60, 186.30)
Discharged to?
Home 69 (45.39) 56 (44.44) 13 (50.00)
Skilled nursing facility/rehab 45 (28.60) 38 (30.16) 7 (26.92)
Lower acuity inpatient setting 1 (0.66) 1 (0.79) 0
Unknown 37 (24.34) 31 (24.60) 6 (23.08)

IQR interquartile range, BMI body mass index, ECMO extracorporeal membrane oxygenation
§One person who used an interpreter at the 1-month survey did not require it during the 6-month survey
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p<0.001), and similar to 1-month post-discharge scores. How-
ever, there was slight improvement of physical health t-score
at 6-month post-discharge compared to scores at 1-month
post-discharge (45.2, SD 9.8 vs 43.3, SD 9.3, p=0.02). Mental
health t-scores at 1-month post-discharge were not significant-
ly different from scores at 6-month post-discharge.
Overall, 79 (63%) patients reported shortness of breath

within the prior week with a median score 2 out of 10 (inter-
quartile range [IQR] 0–5), vs 42 (33%) pre-COVID-19 infec-
tion (0, IQR 0–1), p<0.001 (Table 2). Among those with
shortness of breath prior to COVID, the frequency of shortness
of breath at 6-month post-discharge was worse compared to
baseline, and not significantly changed since 1-month post-

discharge. More patients also reported feeling short of breath
“quite a bit” and “very much” at 6 months (16 [13%]) com-
pared to before COVID-19 infection (2 [2%], p<0.001). A
total of 11/124 (9%) patients without pre-COVID oxygen
requirements still needed oxygen 6-month post-hospital dis-
charge. Four of these patients reported needing at least 2 l/min
of oxygen.
A total of 107 (85%) patients were still experiencing fatigue

at 6-month post-discharge. Patients endorsed a mean of 7.1
other symptoms from the ROS list. Many patients were
experiencing cognitive issues such as memory changes (52,
41%) and brain fog (47, 37%). Musculoskeletal issues such as
weakness (58, 46%) were also prevalent (Table 2).

Table. 2 Outcomes at 6 Months After Hospital Discharge Compared to Baseline and 1 Month After Hospital Discharge

Before COVID 1 month after
hospital
discharge

6 months after
hospital discharge

6 months vs
before
COVID
p-value

6 months vs
1 month
p-value

N=126
Median (IQR)

Shortness of breath
Among all patients
General shortness of breath* 0 (0–1) 3 (1–5) 2 (0–5) <0.001 0.06
Intensity of shortness of breath 0 (0–0) 2 (0–4) 1 (0–5) <0.001 0.44
Frequency of shortness of breath 0 (0–0) 1 (0–3) 1 (0–4) <0.001 0.58
Duration of shortness of breath 0 (0–0) 1 (0–3) 1 (0–3) <0.001 0.88
Among those with shortness of breath before COVID-19 (N=42)
General shortness of breath 2 (1–4) 4 (2–6) 5 (1–7) 0.19 0.62
Intensity of shortness of breath 2 (0–3) 2.5 (2–5) 2 (0–5) 0.37 0.39
Frequency of shortness of breath 1 (0–3) 3 (1–5) 2 (1–6) 0.001 0.96
Duration of shortness of breath 1 (0–3) 2 (1–4) 2 (1–4) 0.11 0.81

Global health
In general, would you say your health is… Very good (good–

excellent)
Good (fair–very
good)

Good (good–very
good)

<0.001 0.03

Please rate how well you carry out your usual
social activities and roles.

Very good (very
good–excellent)

Good (fair–very
good)

Good (fair–very
good)

<0.001 0.05

Physical health
Physical health T-score† 53.7 (9.4) 43.3 (9.3) 45.2 (9.8) <0.001 0.02
Physical health items
How would you rate your physical health? Very good (good–

very good)
Good (fair–good) Good (fair– good)

To what extent are you able to carry out every
day physical activities (i.e walking, climbing
stairs, carrying groceries, or moving a chair?)

Completely
(mostly–
completely)

Moderately (a
little–mostly)

Mostly
(moderately–
completely)

How would you rate your pain on average?‡ 0 (0–2) 1.5 (0–5) 2 (0–6)
How would you rate your fatigue on average? Mild (mild–none) Moderate

(moderate–mild)
Moderate
(moderate–mild)

Mental health
Mental health T-score† 54.2 (8.0) 46.6 (9.5) 47.4 (9.8) <0.001 0.40
Mental health items
Would you say your quality of life is… Very good (good–

excellent)
Good (fair–very
good)

Good (good–very
good)

How would you rate your mental health,
including your mood and your ability to think?

Very good (good–
excellent)

Good (good–very
good)

Good (good–very
good)

How would you rate your satisfaction with your
social activities & relationships?

Very good (very
good–excellent)

Good (good–very
good)

Good (good–very
good)

How often have you been bothered by emotional
problems such as feeling anxious, depressed or
irritable?

Rarely (rarely–
never)

Rarely
(sometimes–never)

Rarely
(sometimes–never)

*Items use a 0–10 numeric rating scale (where 0 represents no shortness of breath and 10 represents the worst possible shortness of breath). If the
participant has no shortness of breath, the instrument stops after the first item and the subsequent three items are assigned a score of 0. All other survey
items are scored on a 5-point scale, where higher scores indicate better health
† Summary scores are converted normed t-scores, where a score of 509 represents the mean (standard deviation) for the US general population
‡ For the physical health T-score, this item is converted from a 10-point scale (0 meaning no pain, 10 meaning worst pain) to a 5-point scale. Here in
the individual item display, we report the 10-point score
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A larger proportion of patients who required ICU care
reported that their health had not returned to baseline (47,
83%). However, dyspnea and PROMIS Global Health-10
outcomes were similar to the overall group (Appendix 3,
Table 4). Likewise, while there was a greater range in baseline
general shortness of breath for ICU patients, changes over time
were similar to the overall group. None of the ICU patients
used oxygen prior to COVID-19 infection, but 4/57 (7%)
reported they still needed supplemental oxygen at 6 months
(Table 3). ICU patients reported a median of 6 other symptoms
from the ROS list. Prevalence of numbness/tingling, burning/
pins/needles sensation, weakness, and muscle/body ache were
slightly higher in the ICU subgroup compared to those in the
overall group (Appendix 3, Table 5).

DISCUSSION

In this prospective cohort study of survivors of severe
COVID-19, we found that even 6 months after hospital dis-
charge, the majority of patients report that their health has not
returned to baseline, and furthermore that it has not substan-
tially improved from 1-month post-hospital discharge.
Consistent with other studies,11,12 shortness of breath, fa-

tigue, cognitive issues, and musculoskeletal symptoms feature
prominently in the constellation of problems reported by these

survivors of severe COVID-19. It is unclear whether these
sequelae are related to SARS-CoV-2 itself, a post-viral syn-
drome, complications from post-intensive care syndrome
(over 45% of our cohort required intensive care), or prolonged
hospital stays13 experienced by patients at the beginning of the
pandemic (median length of stay for this group was 18.5
days).14 There is also increasing speculation that this syn-
drome may represent myalgic encephalomyelitis15; chronic
fatigue syndrome has also previously been tied to SARS.16

Prior work on the long-term impact of SARS has demonstrat-
ed that despite some improvement in exercise capacity and
health status at 6 months compared to 3 months post-acute
illness, SARS survivors still experienced significant impair-
ment even at 2 years after acute illness compared to normal
controls.17 However, a 15-year follow-up showed that pulmo-
nary interstitial damage and functional decline caused by
SARS mostly recovered within 2 years after rehabilitation.18

Regardless, it is concerning that many symptoms have not
improved even 6 months after hospital discharge, particularly
since this group reported that prior to COVID-19 infection,
their physical (mean t-score of 53.7) and mental health (mean
t-score of 54.2) were slightly above the mean for the USA.8

Continued impaired health may have further downstream im-
pact on the ability to return to work and regular life. Indeed,
given the known impact of post-intensive care syndrome on
patient recovery, there is growing concern that there will be a
subsequent public health crisis if this syndrome is not
treated.19,20

Development of tailored, evidence-based rehabilitation in-
terventions to facilitate these patients’ functional recovery is
ongoing. The World Health Organization observes that
COVID-19 is a multisystem disease, and a multidisciplinary
team may be needed to direct some patients’ recovery.21

COVID-19-related symptoms such as fatigue, musculoskele-
tal symptoms, and cognitive issues may affect ability to com-
plete activities of daily living (ADL); thus, ADL training,
additional caregiver support, home modifications, and assis-
tive devices may all be needed to support patients as they
regain strength. Additional expert opinion-based recommen-
dations22,23 on how to manage patients with “long COVID-
19” include medical evaluation to identify a more specific
etiology of this syndrome, referral to pulmonary rehabilitation,
or mental health services. Policy supporting these patients
during this time of compromised physical and mental health
(such extended sick leave or accommodations at work) should
also be provided, particularly as the Families First Coronavirus
Response Act, which provided some expanded paid sick leave
benefits, has now expired.24

Study strengths include use of validated instruments and
prospective follow-up of a pre-established cohort over time
with a high response rate,25 in contrast to studies relying on
patients self-reporting symptoms. Limitations include relative-
ly small sample size, subjective report of symptoms, which
may be subject to bias, no objective measurement of pulmo-
nary function, and single-center design. In addition, this study

Table. 3 Other Symptoms at 6 Months After Hospital Discharge

Neurologic

Memory changes 52 (41%)
Cognitive fuzziness/brain fog/difficulty concentrating 47 (37%)
Difficulty sleeping 44 (35%)
Lightheadedness/dizziness 36 (29%)
Numbness/tingling 35 (28%)
Headache 33 (26%)
Burning or pins/needles sensation 27 (21%)
Ringing in ears 15 (12%)
Altered/loss of smell 19 (15%)
Altered/loss of taste 16 (13%)

Musculoskeletal/skin
Fatigue* 107 (85%)
Weakness 58 (46%)
Muscle/body ache 48 (38%)
Joint pain 42 (33%)
Dry mouth 31 (25%)
Dry eyes 23 (18%)
Tremors 13 (10%)
Rash 11 (9%)

Cardiac
Chest pain/tightness 26 (21%)
Palpitations 21 (17%)

Gastrointestinal
Nausea 12 (10%)
Diarrhea 10 (8%)
Other 41 (33%)

Hair loss 9 (7%)
Vision changes 4 (3%)

*Number of people reporting fatigue was calculated by the number of
people who rated their fatigue above “None” from the PROMIS Global
Health-10 instrument question, “How would you rate your fatigue on
average?”
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was not powered to perform multivariable regression analyses
to identify if factors such as hospital length of stay or other
patient characteristics may be associated with worse out-
comes. Finally, the study included only patients with severe
COVID-19.
In conclusion, we found that patients discharged after hos-

pitalization for severe COVID-19 still experience symptoms
that may affect their quality of life even 6 months after dis-
charge. Support and treatment are needed to return these
patients back to their pre-COVID baseline.

Supplementary Information The online version contains supple-
mentarymaterial available at https://doi.org/10.1007/s11606-021-
07032-9.
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