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Abstract
Purpose This study aimed to investigate changes over time in quality of life, perceived stress, and serious psychological 
distress for individuals diagnosed with COVID-19 in an urban academic health system.
Methods Phone-based surveys were completed with adult patients tested for COVID-19 during emergency department 
visits, hospitalizations, or outpatient visits at the Froedtert and Medical College of Wisconsin Health Network. Data were 
then matched to medical record data. Unadjusted and adjusted mixed effects linear models using random intercept were run 
for each outcome (physical health-related quality of life, mental health-related quality of life, perceived stress, and serious 
psychological distress) with time (baseline vs 3-month follow-up) as the primary independent variable. Individuals were 
treated as a random effect, with all covariates (age, sex, race/ethnicity, payor, comorbidity count, hospitalization, and intensive 
care unit (ICU) stay) treated as fixed effects.
Results 264 adults tested positive for COVID-19 and completed baseline and 3-month follow-up assessments. Of that 
number, 31.8% were hospitalized due to COVID-19, and 10.2% were admitted for any reason to the ICU. After adjustment, 
patients reported higher physical health-related quality of life at 3 months compared to baseline (0.63, 95% CI 0.15, 1.11) 
and decreased stress at 3 months compared to baseline (− 0.85, 95% CI − 1.33, − 0.37). There were no associations between 
survey time and mental health-related quality of life or serious psychological distress.
Conclusions Results suggest the influence of COVID-19 on physical health-related quality of life and stress may resolve 
over time, however, the influence of mental health on daily activities, work, and social activities may not.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was declared a public health emergency of international 
concern by the World Health Organization (WHO) on Janu-
ary 30, 2020 and has taken an unprecedented toll on the 
public health and medical communities around the world 
[1]. Significant disparities have been noted in the United 
States, for example, in Milwaukee County, Wisconsin, 22% 
of confirmed cases and 28% of deaths have been in African 
Americans [2, 3]. Though nearly 98% of those diagnosed 
with COVID-19 recover, little is known about the clinical 
course of these patients, clinically and in terms of quality 
of life [1].
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Long-term effects of COVID-19 are increasingly recog-
nized and described in the literature, using terms such as, 
“Long COVID,” “Post-acute COVID-19 syndrome,” and 
“Post-Acute Sequelae of SARS-CoV-2 Infection (PASC)” 
[4]. Based on a systematic review and meta-analysis, the 
syndrome has been found to include up to 55 different long-
term effects [4]. Both hospitalized and non-hospitalized 
patients may report multiple symptoms 3  months after 
onset of COVID-19 [5]. However, a recent manuscript noted 
problems related to lack of agreed upon definitions of post-
COVID symptoms, which include both ongoing sympto-
matic COVID-19 (from 4 to 12 weeks) and post-COVID-19 
syndrome (symptoms greater than 12 weeks) [6]. In a study 
of 143 patients, who had been hospitalized and recovered 
from COVID-19, 87.4% reported persistence of at least 1 
symptom at 60-day follow-up, most commonly fatigue and 
dyspnea [7]. Symptoms lasting greater than or equal to 
28 days, including fatigue, headache, dyspnea, and anosmia), 
highlight the potential to significantly impact the quality of 
life in patients [8]. In a study conducted in Norway, lower 
scores were found in a number of quality of life domains 
for individuals that experienced COVID-19 compared to the 
general population, including mobility, usual activities, and 
energy/fatigue [9].

In addition to persistent physical symptoms, perceived 
stress, and psychological sequelae are a mounting concern. 
A large retrospective study of 236,379 survivors of COVID-
19 found substantial neurological and psychiatric morbidity 
in the 6 months after COVID-19 infection, with the risks 
greatest in patients who had severe COVID-19 [10]. These 
psychological sequelae may increase the demand for men-
tal health care during and after the COVID-19 pandemic, 
however, the World Health Organization reported that the 
COVID-19 pandemic has disrupted or halted critical mental 
health services in 93% of countries worldwide [11]. The 
mental health-related impact of the pandemic is not limited 
to those diagnosed with COVID-19. For example, a study of 
pandemic-related stressors and overall psychological distress 
found that nearly half of participants noted an increase in 
mild psychological distress regardless of COVID-19 infec-
tion, with distress prior to the pandemic, financial stressors, 
and work/life balance stressors all associated with higher 
distress during the pandemic [12]. However, evidence sug-
gests that there is a prolonged mental health impact, includ-
ing perceived stress, on individuals diagnosed with COVID-
19 compared to healthy controls, with hypotheses that it is 
most pronounced 1–4 months after diagnosis [13].

Given the limited information that exists regarding the 
change in physical and mental health-related quality of life 
over time following COVID-19 diagnosis, the objective 
of this study was to investigate changes from baseline to 
3-month follow-up in quality of life, perceived stress, and 
serious psychological distress for individuals diagnosed with 

COVID-19 in an academic health system in Southeast Wis-
consin. The urban, Midwest setting, and racially/ethnically 
diverse populations provide important information on long-
term impacts of COVID-19 on adults in the US.

Study data and methods

Population

Adults aged 18 and older, who were tested for COVID-19 
in the Froedtert and Medical College of Wisconsin Health 
Network were eligible for participation in the study. The 
Froedtert and Medical College of Wisconsin Health Network 
comprised five hospitals and nearly 40 health centers and 
clinics and is located in southeastern Wisconsin. The pri-
mary academic medical center and hospital is located in Mil-
waukee County, a racially and ethnically diverse county with 
sociodemographic make-up similar to the US population.

Phone-based surveys were completed with patients who 
had emergency department visits at which a COVID-19 test 
was administered, hospitalizations as patients under investi-
gation (PUIs) or with a diagnosis of COVID-19, and adults 
tested for COVID-19 in outpatient settings. Initial response 
to participation in the study was high, with 32% of individu-
als contacted agreeing to participate. Only 11 participants 
declined participation after asking for additional information 
on the study and beginning the consent process. Data were 
not collected on individuals who indicated they were not 
interested in participation or did not complete the consent. 
Individuals who were hospitalized were contacted while in 
the hospital or within weeks of discharge, and those not hos-
pitalized were contacted following indication in the medi-
cal record of test results. On average, participation in the 
study occurred 46 days after a positive COVID-19 test result 
(mean 45.8, standard deviation 32.7).

All recruitment were conducted over telephone with 
enrollment occurring from April 21, 2020 through Septem-
ber 14, 2020. Verbal informed consent was obtained at base-
line, with questionnaires completed at baseline and 3-month 
follow-up. The drop-out rate between baseline and 3-month 
follow-up was low, with only 43 participants (14% of the 
initial 307 completing a baseline survey) not completing the 
3-month follow-up survey. Research staff contacted partici-
pants to complete missing data following internal audits of 
surveys to ensure all scales could be scored, resulting in 
no missing data for participants who completed both base-
line and 3-month survey follow-up. Survey data were then 
matched to medical record data from the Froedtert and Med-
ical College of Wisconsin  Epic® Electronic Health Record 
System. All study procedures were reviewed and approved 
by the Medical College of Wisconsin Institutional Review 
Board prior to initiation of enrollment.
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COVID‑19 status

COVID-19 positive status was determined based on test-
ing completed following two nasopharyngeal specimen and 
oropharyngeal specimen swabs. Swabs were transported to 
the laboratory using viral transport media and testing fol-
lowed Centers for Disease Control and Prevention (CDC) 
COVID-19 assay with RNA extracted using the BioMerieux 
and real-time polymerase chain reaction using ABI 7500 
Fast Dx thermal cyclers. This study includes data from the 
345 participants who completed both baseline and 3-month 
surveys and who tested positive for COVID-19.

Outcome measures

Phone-based surveys conducted either while patients were 
in the hospital or after discharge captured patient-reported 
outcomes and social determinant factors at baseline and 
3 months later. Baseline was set at date of first survey, which 
was conducted by a research assistant who read all ques-
tions and answers to the participant and noted responses. 
Participants were not contacted within the ICU and gave 
verbal consent after indicating both interest and ability to 
participate. Data included the three primary outcomes for 
this study.

(1) Quality of life physical and mental health-related qual-
ity of life measured using the SF-12 v1 scale [14]. This 
12-item scale is a valid and reliable instrument of func-
tional status and is widely used to provide summary 
physical health-related quality of life (PCS-12) and 
mental health-related quality of life (MCS-12) scores 
across populations [14]. The SF-12 reproduces 90% of 
the variance, and scores are considered interchangeable 
with those from the longer SF-36 scale [14]. The test–
retest reliability for PCS is 0.89 and 0.76 for MCS [14]. 
Scores were calculated using norm-based methods for 
PCS-12 and MCS-12 as recommended by Ware et al. 
[14]. Scores for each of the MCS and PCS range from 
0 to 100, with higher scores indicating better mental 
and physical health-related quality of life, respectively 
[15]. In this sample, the Cronbach’s alpha for the PCS 
score was 0.60 and for the MCW score was 0.60.

(2) Serious psychological distress (SPD) measured using 
the K6 scale [16]. This 6-item scale was originally 
developed for population-level screening of non-spe-
cific psychological distress and allows discrimination 
between DSM-IV cases and non-cases [16]. It has good 
precision and consistent psychometric properties across 
populations, being routinely used by the US National 
Health Interview Survey. The Cronbach’s alpha for the 
K6 is 0.86 indicating very good reliability [17]. The K6 
scale ranges from 0 to 24 with higher scores indicating 

higher levels of distress [16]. In this sample, the Cron-
bach’s alpha for the K6 scale was 0.81.

(3) Perceived stress measured using the perceived stress 
scale [18]. This 4-item scale assesses the degree to 
which a respondent finds situations stressful by ask-
ing about the frequency of feelings related to events in 
the prior month [18]. Cronbach alpha scores of 0.69 
show reliability and prior studies indicate the scale is 
correlated with stress, depression, and anxiety. Scor-
ing for the Perceived Stress Scale was calculated by 
indicating never as ‘0,’ almost never as ‘1,’ sometimes 
as ‘2,’ fairly often as ‘3,’ and very often as ‘4’ for ques-
tions “In the last month, how often have you felt that 
you were unable to control the important things in your 
life?” and “In the last month, how often have you felt 
difficulties were piling up so high that you could not 
overcome them?”. Reverse coding was used for ques-
tions “In the last month, how often have you felt con-
fident about your ability to handle your personal prob-
lems?” and “In the last month, how often have you felt 
that things were going your way?” with never as ‘4,’ 
almost never as ‘3,’ sometimes as ‘2’ and fairly often as 
‘1’ and very often as ‘0’ [18]. Scores for the perceived 
stress scale ranged from 0 to 16, with higher scores 
indicating higher levels of perceived stress [18]. In this 
sample, the Cronbach’s alpha for the perceived stress 
scale was 0.75.

Covariates

Upon completion of baseline and 3-month follow-up sur-
veys, data were matched using patient identifiers to extract 
medical record components that include COVID-19 test 
results for participants along with their demographics infor-
mation, such as participant’s age at the time of baseline sur-
vey, sex, race, participant’s county, language, need for inter-
preter, and payor for health services. Comorbidities at the 
time of baseline for each individual were also collected using 
International Classification of Diseases (ICD-10) codes 
matched to the Elixhauser comorbidity categories [19]. A 
count of the comorbidities was created to capture the burden 
of comorbidities at baseline. Finally, information within the 
medical record was used to identify whether each individual 
was hospitalized and whether they had an ICU stay within 
1 week following his/her COVID-19 test for any cause. To 
confirm the timeframe used to define hospitalization did 
not influence results, a sensitivity analysis was run defining 
hospitalization in the medical records as any time after the 
COVID-19 test, and hospitalization within one week after 
the COVID-19 test. Changing hospitalization timing did not 
change direction or strength of results.

Therefore, covariates included in the models were 
age (continuous), sex (male vs female), race/ethnicity 
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(Non-Hispanic White, Non-Hispanic Black, Hispanic, and 
Other Race), payor (managed care/commercial, Medicaid, 
Medicare, self-pay, and other), comorbidity count (continu-
ous), hospitalization (yes/ no), and ICU stay (yes/no).

Statistical analysis

Descriptive statistics were performed to summarize sam-
ple characteristics for the population with COVID-19-pos-
itive results. A series of regression models were then run 
to understand the independent association of time on each 
outcome. Outcomes were treated separately since each is 
a distinct construct with a validated scale used for meas-
urement. Unadjusted models were run first to investigate 
the relationship without accounting for confounding. This 
allowed the comparison of estimates before and after adjust-
ment. Mixed effects models were used to allow consideration 
of repeated measures and incorporate a random effect for 
individuals in the model. Regression modeling was chosen 
to allow investigation of the relationship after accounting for 
confounding variables and provide information on the inde-
pendent association of time on each outcome. Least mean 
squares were run following mixed effects linear models to 
provide the adjusted means for ach outcome at baseline and 
3-month follow-up.

Mixed effects linear models using a random intercept 
were run separately for eac of the four outcomes: first, 
physical health-related quality of life (PCS); second, men-
tal health-related quality of life (MCS); third, Serious Psy-
chological Distress (SPD); and fourth, Perceived Stress. 
Time (baseline vs 3-month follow-up) served as the primary 
independent variable. Individuals were treated as a random 
effect, with all covariates (age, sex, race/ethnicity, payor, 
comorbidity count, hospitalization, and ICU stay) treated 
as fixed effects. MS-SQL Server Management Studio ver-
sion 2017 (SSMS) tool was used to fetch data from Clar-
ity SQL server. Complete analysis was performed using R 
version-4.0.3, and the lme4 package from R’s Comprehen-
sive R Archive Network (CRAN) repository was used to 
run the linear mixed effects models [20]. This package pro-
vides functions for analyzing a range of mixed models, and 
the models and their components are represented using S4 
classes and methods. The core computational algorithms are 
implemented using the ‘Eigen’ and ‘RcppEigen’ C++ library 
for numerical linear algebra. All statistical model results 
were assessed for statistical significance using p < 0.05.

Results

Sample characteristics for adults who tested positive for 
COVID-19 and completed both baseline and 3-month fol-
low-up assessments are shown in Table 1. There were 264 

Table 1  Sample characteristics for participants who tested posi-
tive for COVID-19 completed baseline and a 3-month assessment 
(n = 264)

Mean (SD) or n 
(%) at baseline

Mean (SD) at 
3-month follow-
up

Age
 Mean (SD) 49.2 (16.7)

Gender
 Female 157 (59.5%)
 Male 107 (40.5%)

Race
 Non-Hispanic White 163 (62.5%)
 Non-Hispanic Black 67 (25.7%)
 Hispanic 15 (5.7%)
 Other/unknown 16 (6.1%)

Participant county
 Other WI county/out of state 9 (3.4%)
 Milwaukee county 158 (60.5%)
 Waukesha county 54 (20.7%)
 Washington/Ozaukee county 25 (9.6%)
 Racine/Kenosha county 15 (5.7%)

Participant language
 English 251 (96.5%)
 Spanish 6 (2.3%)
 Other/unknown 3 (1.2%)

Interpreter need
 No 253 (98.1%)
 Yes 5 (1.9%)

Payor
 Managed care/commercial 145 (55.1%)
 Medicaid 32 (12.2%)
 Medicare 69 (26.2%)
 Self-pay 15 (5.7%)
 Other 2 (0.8%)

Comorbidity count
 Mean (SD) 1.4 (1.89)

Hospitalization
 No 180 (68.2%)
 Yes 84 (31.8%)

ICU stay
 No 237 (89.8%)
 Yes 27 (10.2%)

Physical health-related quality 
of life

52.7 (4.9) 53.3 (4.6)

Mental health-related quality 
of life

61.8 (1.5) 61.6 (1.4)

Perceived stress scale 4.5 (4.1) 3.6 (3.9)
Serious psychological distress 10.8 (10.4) 10.4 (4.2)
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adults who tested positive for COVID-19 and completed 
baseline and 3-month follow-up assessments. Of that num-
ber, 31.8% were hospitalized due to COVID-19, and 10.2% 
were admitted for any reason to the ICU within 1 week 
following their COVID-19 test. The majority were female 
(59.5%), non-Hispanic White (62.5%), and had private 
insurance (55.1%). The mean age was 49.2 years, and mean 
comorbidity count was 1.4. Mean physical health-related 
quality of life (PCS) scores were 52.7 (SD 4.9) at baseline, 
which is close to the US norm of 50, while mean mental 
health-related quality of- life (MCS) scores were 61.8 (SD 
1.5) at baseline, which is higher than the US norm of 50. 
Means for baseline and 3 months were statistically signifi-
cantly different for PCS (p value: 0.01; Cohen’s D: 0.16) 
and perceived stress (p value: < 0.001; Cohen’s D: 0.23). 
The means for baseline and 3 months were not significantly 
different for MCS (p value: 0.08; Cohen’s D: 0.11) or SPD 
(p value: 0.08; Cohen’s D: 0.11).

Table 2 shows results from unadjusted and adjusted lin-
ear regression models for the association between survey 
time (baseline vs 3 months) and quality of life (MCS and 
PCS). Unstandardized betas are reported along with the 
95% confidence interval (CI) and respective p values. In 
the unadjusted model for PCS, patients at 3 months had a 
significantly higher physical health-related quality of life 
compared to baseline (b: 0.62; 95% CI 0.15, 1.09; p value: 
0.01). This relationship held after adjusting for age, gender, 
race/ethnicity, payor, comorbidity count, hospitalization, and 
ICU stay (b: 0.63; 95% CI 0.15, 1.11; p value: 0.01). There 
was no association between survey time and MCS among 
patients who tested positive for COVID-19. Patient charac-
teristics such as female sex and higher comorbidity count 
were associated with lower physical health-related quality 
of life, while female sex and older age were associated with 
higher mental health-related quality of life. Individuals who 
were hospitalized or had an ICU stay also had significantly 
lower physical health-related quality of life and significantly 
higher mental health-related quality of life.

Table 3 shows results of unadjusted and adjusted linear 
regression models for the association between survey time 
(baseline vs 3 months) and two additional outcomes, serious 
psychological distress (SPD) and perceived stress. There was 
no association between survey time and SPD among patients 
who tested positive for COVID-19. However, the relation-
ship between survey time and perceived stress was statisti-
cally significant with patients at 3 months reporting lower 
stress (b: -0.91; 95% CI − 1.39, − 0.43; p value: < 0.001) 
compared to baseline. This association was maintained in 
the fully adjusted model (b: − 0.85; 95% CI − 1.33, − 0.37; 
p value: < 0.001). Female sex, Medicaid insurance, and hos-
pitalization were associated with significantly higher SPD. 
Female sex and hospitalization were also associated with 
significantly higher stress.

Discussion

In this study, physical health-related quality of life 
improved and perceived stress decreased at 3  months 
compared to baseline for adults with positive COVID-19 
test results. This relationship was held after adjusting for 
socio-demographics, comorbidity burden, and severity 
of disease (hospitalization or ICU stay). Mental health-
related quality of life and serious psychological distress 
showed no change over time in this sample. Results sug-
gest that the influence of COVID-19 on physical health-
related quality of life and general stress may resolve over 
time, however, the mental health-related quality of life and 
serious psychological distress, which better captures the 
influence of mental health on daily activities, work, and 
social activities may not.

These results add to the growing number of studies that 
highlight the long-term symptoms and effects of COVID-19 
on survivors [21, 22]. A recent systematic review and meta-
analysis showed the five most common symptoms are fatigue 
(58%), headache (44%), attention disorder (27%), hair loss 
(25%), and dyspnea (24%) with follow-up time ranging from 
15 to 110 days post infection [22]. Only a few studies have 
assessed the long-term effects on quality of life, psycho-
logical distress, and perceived stress. A structured review 
on the impact of COVID-19 on health-related quality of life 
found the impact was considerable on quality of life scores, 
and noted higher impact in acute COVID cases, women, 
older ages, individuals with more severe disease, and stud-
ies in low-income countries [23]. Three studies conducted 
in China using the SF-36, which provides similar scores as 
the SF-12 used in this study, found an overall mean ranged 
from 60.4 to 86.4 [23] Physical functioning scores ranged 
from 53.2 to 95.1, and mental health function scores ranged 
from 61.6 to 84.0 [23] Both baseline and 3-month scores in 
this study conducted in the US align with the lower end of 
the range for the studies conducted in China. Studies con-
ducted in Europe using the EQ-5D (EuroQol-5 Dimension) 
also found differences by country, with overall quality of life 
scores lower in a study conducted in Belgium than studies 
conducted in the United Kingdom and Norway [23]. In addi-
tion to differences by country, existing studies highlighted 
differences over time and disease severity. An Italian case-
series with mean follow-up of 60 days showed 44.1% had 
worsened quality of life over time [24]. A study from the 
United Kingdom reporting on post-discharge symptoms 
assessed 29 to 71 days after discharge showed psychological 
distress was present in 46.9% in the ICU group and 23.5% 
in ward (i.e., inpatient, non-ICU) group [25]. In this same 
cohort, there was a clinically significant decrease in qual-
ity of life, assessed by EQ-5D, in 68.8% of the ICU group 
and 45.6% of the ward group [25]. Another study from the 



2392 Quality of Life Research (2022) 31:2387–2396

1 3

Ta
bl

e 
2 

 A
ss

oc
ia

tio
n 

be
tw

ee
n 

su
rv

ey
 ti

m
e 

(b
as

el
in

e 
vs

 3
 m

on
th

s)
 a

nd
 q

ua
lit

y 
of

 li
fe

 a
m

on
g 

CO
V

ID
-1

9-
po

si
tiv

e 
pa

rti
ci

pa
nt

s w
ho

 c
om

pl
et

ed
 b

as
el

in
e 

an
d 

a 
3-

m
on

th
 a

ss
es

sm
en

t

A
dj

us
te

d 
m

od
el

 I 
co

va
ria

te
s:

 A
ge

, S
ex

, R
ac

e,
 P

ay
or

, C
om

or
bi

di
ty

 c
ou

nt
; A

dj
us

te
d 

m
od

el
 II

 c
ov

ar
ia

te
s:

 A
ge

, S
ex

, R
ac

e,
 P

ay
or

, C
om

or
bi

di
ty

 c
ou

nt
, H

os
pi

ta
liz

ed
, a

nd
 H

os
pi

ta
liz

ed
 w

ith
 IC

U
 st

ay
**

*p
 <

 .0
01

; *
*p

 <
 .0

1;
 *

p <
 .0

5
B

ol
d 

te
xt

 in
di

ca
te

s s
ta

tis
tic

al
 si

gn
ifi

ca
nc

e 
at

 p
 <

 0
.0

5 
le

ve
l

Ph
ys

ic
al

 h
ea

lth
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

 (P
C

S)
M

en
ta

l h
ea

lth
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

 (M
C

S)

U
na

dj
us

te
d

b 
(9

5%
 C

on
fid

en
ce

 In
te

rv
al

)
A

dj
us

te
d 

I
b 

(9
5%

 C
on

fid
en

ce
 In

te
rv

al
)

A
dj

us
te

d 
II

b 
(9

5%
 C

on
fid

en
ce

 In
te

rv
al

)
U

na
dj

us
te

d
b 

(9
5%

 C
on

fid
en

ce
 In

te
rv

al
)

A
dj

us
te

d 
I

b 
(9

5%
 C

on
fid

en
ce

 In
te

rv
al

)
A

dj
us

te
d 

II
b 

(9
5%

 C
on

fid
en

ce
 

In
te

rv
al

)

Ti
m

e 
po

in
t

 A
t b

as
el

in
e 

(R
ef

)
 A

t 3
 m

on
th

s
0.

62
**

 (0
.1

5,
 1

.0
9)

0.
63

**
 (0

.1
5,

 1
.1

1)
0.

63
**

 (0
.1

5,
 1

.1
1)

−
 0

.1
5 

(−
 0

.3
1,

 0
.0

2)
−

 0
.1

6 
(−

 0
.3

2,
 0

.0
1)

−
 0

.1
6 

(−
 0

.3
2,

 0
.0

1)
A

ge
–

−
 0

.0
3 

(−
 0

.0
6,

 0
.0

1)
−

 0
.0

2 
(−

 0
.0

5,
 0

.0
2)

–
0.

01
* 

(0
.0

03
, 0

.0
3)

0.
01

* 
(0

.0
01

, 0
.0

2)
G

en
de

r
 M

al
e 

(R
ef

)
 F

em
al

e
–

−
 0

.7
2 

(−
 1

.6
6,

 0
.2

1)
−

 1
.0

7*
 (−

 1
.9

0,
 −

 0
.2

5)
–

0.
26

 (−
 0

.0
2,

 0
.5

4)
0.

36
**

 (0
.1

1,
 0

.6
1)

R
ac

e
 N

on
-H

is
pa

ni
c 

W
hi

te
 (R

ef
)

 N
on

-H
is

pa
ni

c 
B

la
ck

–
−

 1
.3

8*
 (−

 2
.4

8,
 −

 0
.2

9)
−

 0
.4

2 
(−

 1
.4

1,
 0

.5
6)

–
0.

29
 (−

 0
.0

4,
 0

.6
1)

0.
02

 (−
 0

.2
8,

 0
.3

2)
 H

is
pa

ni
c

–
−

 2
.2

5*
 (−

 4
.2

7,
 −

 0
.2

3)
−

 1
.4

5 
(−

 3
.2

3,
 0

.3
4)

–
0.

55
 (−

 0
.0

6,
 1

.1
5)

0.
31

 (−
 0

.2
3,

 0
.8

5)
 O

th
er

/u
nk

no
w

n
–

−
 0

.0
3 

(−
 2

.0
2,

 1
.9

7)
0.

20
 (−

 1
.5

5,
 1

.9
5)

–
−

 0
.0

04
 (−

 0
.6

0,
 0

.5
9)

−
 0

.0
7 

(−
 0

.6
0,

 0
.4

6)
Pa

yo
r

 M
an

ag
ed

 c
ar

e/
co

m
m

er
ci

al
 

(R
ef

)
 M

ed
ic

ai
d

–
−

 2
.2

1*
* 

(−
 3

.6
8,

 −
 0

.7
4)

−
 1

.1
9 

(−
 2

.5
0,

 0
.1

2)
–

0.
58

* 
(0

.1
4,

 1
.0

2)
0.

30
 (−

 0
.1

0,
 0

.7
0)

 M
ed

ic
ar

e
–

−
 1

.8
1*

 (−
 3

.2
3,

 −
 0

.3
9)

−
 1

.1
3 

(−
 2

.3
9,

 0
.1

4)
–

0.
32

 (−
 0

.1
1,

 0
.7

4)
0.

11
 (−

 0
.2

7,
 0

.5
0)

 S
el

f-
pa

y
–

1.
15

 (−
 1

.1
5,

 3
.4

4)
0.

89
 (−

 1
.1

2,
 2

.9
0)

–
−

 0
.3

4 
(−

 1
.0

3,
 0

.3
4)

−
 0

.2
7 

(−
 0

.8
8,

 0
.3

4)
 O

th
er

–
−

 3
.9

5 
(−

 9
.1

1,
 1

.2
1)

0.
27

 (−
 4

.4
0,

 4
.9

5)
–

0.
60

 (−
 0

.9
5,

 2
.1

4)
−

 0
.5

3 
(−

 1
.9

6,
 0

.8
9)

C
om

or
bi

di
ty

 c
ou

nt
–

−
 0

.6
3*

**
 (−

 0
.9

0,
 −

 0
.3

5)
−

 0
.3

6*
* 

(−
 0

.6
1,

 −
 0

.1
1)

–
0.

13
**

 (0
.0

5,
 0

.2
2)

0.
06

 (−
 0

.0
2,

 0
.1

3)
H

os
pi

ta
liz

at
io

n
 N

o 
(R

ef
)

 Y
es

–
–

−
 3

.6
2*

**
 (−

 4
.6

5,
 −

 2
.5

8)
–

–
1.

06
**

* 
(0

.7
5,

 1
.3

8)
IC

U
 st

ay
 N

o 
(R

ef
)

 Y
es

–
–

−
 2

.2
5*

* 
(−

 3
.7

1,
 −

 0
.7

9)
–

–
0.

53
* 

(0
.0

8,
 0

.9
7)

Le
as

t s
q 

m
ea

ns
 (9

5%
 C

I)
 A

t b
as

el
in

e
52

.7
 (5

2.
1,

 5
3.

2)
51

.6
 (5

0.
3,

 5
2.

9)
51

.1
 (4

9.
9,

 5
2.

3)
61

.8
 (6

1.
6,

 6
1.

9)
61

.9
 (6

1.
6,

 6
2.

3)
62

.1
 (6

1.
7,

 6
2.

4)
 A

t 3
 m

on
th

s
53

.3
 (5

2.
7,

 5
3.

9)
52

.2
 (5

1.
0,

 5
3.

5)
51

.8
 (5

0.
6,

 5
2.

9)
61

.6
 (6

1.
5,

 6
1.

8)
61

.8
 (6

1.
4,

 6
2.

2)
61

.9
 (6

1.
5,

 6
2.

3)



2393Quality of Life Research (2022) 31:2387–2396 

1 3

Ta
bl

e 
3 

 A
ss

oc
ia

tio
n 

be
tw

ee
n 

su
rv

ey
 ti

m
e 

(b
as

el
in

e 
vs

 3
 m

on
th

s)
 a

nd
 s

er
io

us
 p

sy
ch

ol
og

ic
al

 d
ist

re
ss

 a
nd

 p
er

ce
iv

ed
 s

tre
ss

 a
m

on
g 

CO
V

ID
-1

9-
po

si
tiv

e 
pa

rti
ci

pa
nt

s 
w

ho
 c

om
pl

et
ed

 b
as

el
in

e 
an

d 
a 

3-
m

on
th

 a
ss

es
sm

en
t

A
dj

us
te

d 
m

od
el

 I 
co

va
ria

te
s:

 A
ge

, S
ex

, R
ac

e,
 P

ay
or

, C
om

or
bi

di
ty

 c
ou

nt
; A

dj
us

te
d 

m
od

el
 II

 c
ov

ar
ia

te
s:

 A
ge

, S
ex

, R
ac

e,
 P

ay
or

, C
om

or
bi

di
ty

 c
ou

nt
, H

os
pi

ta
liz

ed
, a

nd
 H

os
pi

ta
liz

ed
 w

ith
 IC

U
 st

ay
**

*p
 <

 .0
01

; *
*p

 <
 .0

1;
 *

p <
 .0

5
B

ol
d 

te
xt

 in
di

ca
te

s s
ta

tis
tic

al
 si

gn
ifi

ca
nc

e 
at

 p
 <

 0
.0

5 
le

ve
l

Se
rio

us
 p

sy
ch

ol
og

ic
al

 d
ist

re
ss

Pe
rc

ei
ve

d 
str

es
s

U
na

dj
us

te
d

b 
(9

5%
 C

on
fid

en
ce

 In
te

rv
al

)
A

dj
us

te
d 

I
b 

(9
5%

 C
on

fid
en

ce
 In

te
rv

al
)

A
dj

us
te

d 
II

b 
(9

5%
 C

on
fid

en
ce

 In
te

rv
al

)
U

na
dj

us
te

d
b 

(9
5%

 C
on

fid
en

ce
 In

te
rv

al
)

A
dj

us
te

d 
I

b 
(9

5%
 C

on
fid

en
ce

 In
te

rv
al

)
A

dj
us

te
d 

II
b 

(9
5%

 C
on

fid
en

ce
 

In
te

rv
al

)

Ti
m

e 
po

in
t

 A
t b

as
el

in
e 

(R
ef

)
 A

t 3
 m

on
th

s
−

 0
.3

7 
(−

 0
.7

8,
 0

.0
4)

−
 0

.3
2 

(−
 0

.7
3,

 0
.0

9)
−

 0
.3

2 
(−

 0
.7

3,
 0

.0
9)

−
 0

.9
1*

**
 (−

 1
.3

9,
 −

 0
.4

3)
−

 0
.8

5*
**

 (−
 1

.3
3,

 −
 0

.3
7)

−
 0

.8
5*

**
 (−

 1
.3

3,
 

−
 0

.3
7)

A
ge

–
−

 0
.0

3 
(−

 0
.0

6,
 0

.0
1)

−
 0

.0
3 

(−
 0

.0
7,

 0
.0

1)
–

−
 0

.0
1 

(−
 0

.0
4,

 0
.0

2)
−

 0
.0

2 
(−

 0
.0

5,
 0

.0
2)

G
en

de
r

 M
al

e 
(R

ef
)

 F
em

al
e

–
1.

10
* 

(0
.1

7,
 2

.0
2)

1.
26

**
 (0

.3
5,

 2
.1

6)
–

1.
15

**
 (0

.3
1,

 2
.0

0)
1.

33
**

 (0
.5

1,
 2

.1
5)

R
ac

e
 N

on
-H

is
pa

ni
c 

W
hi

te
 (R

ef
)

 N
on

-H
is

pa
ni

c 
B

la
ck

–
0.

73
 (−

 0
.3

5,
 1

.8
2)

0.
34

 (−
 0

.7
5,

 1
.4

2)
–

0.
28

 (−
 0

.7
1,

 1
.2

7)
−

 0
.1

7 
(−

 1
.1

5,
 0

.8
1)

 H
is

pa
ni

c
–

1.
06

 (−
 0

.9
3,

 3
.0

5)
0.

78
 (−

 1
.1

9,
 2

.7
4)

–
−

 0
.4

3 
(−

 2
.2

5,
 1

.3
9)

−
 0

.7
6 

(−
 2

.5
4,

 1
.0

1)
 O

th
er

/U
nk

no
w

n
–

−
 1

.0
6 

(−
 3

.0
2,

 0
.9

1)
−

 1
.1

4 
(−

 3
.0

6,
 0

.7
9)

–
−

 0
.3

0 
(−

 2
.0

9,
 1

.5
0)

−
 0

.3
9 

(−
 2

.1
3,

 1
.3

5)
Pa

yo
r

 M
an

ag
ed

 c
ar

e/
co

m
m

er
ci

al
 

(R
ef

)
 M

ed
ic

ai
d

–
3.

02
**

* 
(1

.5
7,

 4
.4

7)
2.

56
**

* 
(1

.1
2,

 4
.0

1)
–

1.
19

 (−
 0

.1
4,

 2
.5

1)
0.

69
 (−

 0
.6

2,
 1

.9
9)

 M
ed

ic
ar

e
–

0.
63

 (−
 0

.7
8,

 2
.0

3)
0.

40
 (−

 0
.9

9,
 1

.8
0)

–
0.

48
 (−

 0
.8

0,
 1

.7
6)

0.
21

 (−
 1

.0
5,

 1
.4

7)
 S

el
f-

pa
y

–
0.

61
 (−

 1
.6

5,
 2

.8
8)

0.
72

 (−
 1

.4
9,

 2
.9

4)
–

−
 0

.3
0 

(−
 2

.3
6,

 1
.7

7)
−

 0
.1

7 
(−

 2
.1

7,
 1

.8
3)

 O
th

er
–

5.
47

* 
(0

.3
8,

 1
0.

56
)

3.
46

 (−
 1

.6
9,

 8
.6

2)
–

5.
26

* 
(0

.6
1,

 9
.9

1)
3.

09
 (−

 1
.5

6,
 7

.7
5)

C
om

or
bi

di
ty

 c
ou

nt
–

0.
23

 (−
 0

.0
4,

 0
.5

0)
0.

13
 (−

 0
.1

4,
 0

.4
1)

–
0.

14
 (−

 0
.1

1,
 0

.3
9)

0.
02

 (−
 0

.2
3,

 0
.2

7)
H

os
pi

ta
liz

at
io

n
 N

o 
(R

ef
)

 Y
es

–
–

1.
29

* 
(0

.1
5,

 2
.4

2)
–

–
1.

52
**

 (0
.4

9,
 2

.5
5)

IC
U

 st
ay

 N
o 

(R
ef

)
 Y

es
–

–
1.

39
 (−

 0
.2

2,
 3

.0
0)

–
–

1.
41

 (−
 0

.0
5,

 2
.8

6)
Le

as
t s

q 
m

ea
ns

 (9
5%

 C
I)

 A
t b

as
el

in
e

10
.8

 (1
0.

3,
 1

1.
3)

12
.0

 (1
0.

7,
 1

3.
2)

12
.3

 (1
1.

0,
 1

3.
6)

4.
5 

(4
.1

, 5
.0

)
5.

3 
(4

.1
, 6

.4
)

5.
6 

(4
.4

, 6
.8

)
 A

t 3
 m

on
th

s
10

.4
 (9

.9
, 1

0.
9)

11
.6

 (1
0.

4,
 1

2.
9)

11
.9

 (1
0.

7,
 1

3.
2)

3.
6 

(3
.1

, 4
.1

)
4.

4 
(3

.3
, 5

.6
)

4.
7 

(3
.6

, 5
.9

)



2394 Quality of Life Research (2022) 31:2387–2396

1 3

United Kingdom reported similar reduction in quality of 
life (using the SF-36) on follow-up, with physical health-
related quality of life significantly lower in the cohort with 
severe disease, such as ICU admission [26]. Not all studies 
have noted this difference, however, as a French study with 
mean follow-up of 110.9 days found quality of life (using 
the EQ-5D scale) was satisfactory and no difference existed 
between ICU and ward patients [27].

In contrast to the findings from Europe which showed 
quality of life outcomes, without adjustment, were worse 
over time, our study showed improved physical health-
related quality of life and perceived stress at 3-month 
follow-up after adjustment for various factors, including 
severity (ICU and non-ICU admissions). Applicability to 
the U.S. of findings on quality of life from European stud-
ies remains uncertain given the difference in experience 
of and response to the COVID-19 pandemic [28]. Our 
study potentially contradicts findings from many studies 
on adverse long-term outcomes after acute SARS-CoV-2 
infection. As such, this study adds to the evolving knowl-
edge on the long-term effects of COVID-19 in terms of 
quality of life and mental health-related outcomes, such 
as perceived stress and serious psychological distress, 
suggesting effects across and between populations need 
to be continually assessed. Patient characteristics such as 
female sex, Medicaid insurance, and higher comorbidity 
count were associated with lower physical health-related 
quality of life and higher SPD. Thus, clinicians should 
be vigilant in assessment of long-term outcomes, particu-
larly for vulnerable populations. Clinical severities, such 
as hospitalization and ICU stay, were also associated with 
lower physical health-related quality of life, higher SPD, 
and higher stress, highlighting the need to consider this 
group for ongoing assessment.

The growing concern for long-term outcomes after 
COVID-19 infection is based on the previous studies of 
severe acute respiratory syndrome (SARS) and Middle 
East respiratory syndrome (MERS) coronavirus infec-
tions  showing persistent symptoms and psychological 
impairment. A systematic review and meta-analysis of 
28 studies on long-term outcomes on the survivors of 
SARS and MERS outbreaks found that stress, anxiety, and 
depression were observed in up to one-third of patients 
beyond 6 months after discharge from the hospital, and 
low scores in quality of life (SF-36) were observed even 
12 months after discharge [29]. Given this dismal data on 
the post-discharge outcomes of other groups of coronavi-
rus infections, our study suggests improvement in physi-
cal health-related quality of life and perceived stress in 
COVID-19 survivors, despite the possibility of ongoing 
clinical symptoms. Longer follow-up will be needed to 
assess longer-term changes, for example, to determine if 
improvements in physical health-related quality of life and 

perceived stress are maintained over time, or if mental 
health-related quality of life and psychological distress do 
improve with longer follow-up. These results suggest that 
dedication of resources and attention to mental health care 
after COVID-19 is important despite recovery of physical 
health-related quality of life and longer-term support may 
be needed.

Limitations

Our study has a few limitations that should be noted. First, 
it is based on a single academic health system, which may 
limit the generalizability of results. Additional studies that 
continue to follow patients over longer periods of time and 
in diverse settings are needed to inform clinical care and 
research. Second, while this study leverages the combined 
strengths of medical record and survey data, there remain 
some variables that are not captured, including community 
level factors that could have an influence on long-term 
health. Influence on general constructs, such as general 
stress, may also be more fully understood through collec-
tion of longer scales that capture the types and drivers of 
stress, or future qualitative work allowing individuals to 
describe the context and experience. Third, long-term clin-
ical symptoms were not captured in this study to differenti-
ate from long COVID syndrome or included in analyses as 
covariates to adjust relationships. More detailed analysis 
investigating the interaction between clinical and social 
factors on long-term outcomes is an important next step. 
Finally, due to collection of data being initiated after the 
start of the pandemic, scores for quality of life, stress, and 
serious psychological distress could not be compared to 
levels found prior to the pandemic.

Conclusion

Our survey-based, longitudinal study of adult patients 
diagnosed with COVID-19 showed improvement in physi-
cal health-related quality of life and reduction in perceived 
stress at 3-month follow-up compared with baseline. Our 
study adds to the growing body of literature on the long-
term effects of COVID-19 and contradicts many studies by 
showing some improved long-term outcomes. Clinicians 
should consider assessment of long-term outcomes, par-
ticularly for vulnerable populations found to have lower 
quality of life and higher SPD, including female sex, indi-
viduals with Medicaid insurance, individuals with higher 
number of comorbidities, and those hospitalized or with 
an ICU stay. Further research with a larger cohort and 
longer-term follow-up is needed to identify if changes in 
physical health-related quality of life are maintained over 
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time, or if mental health-related quality of life does change 
with longer time from illness. The current study provides 
helpful information to clinicians caring for COVID-19 sur-
vivors and policy makers to gauge and address the long-
term impact of COVID-19 and highlight the importance 
of taking both physical and mental health-related quality 
of life changes into account over time.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11136- 022- 03081-7.
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