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IMPORTANCE: Long-term health effects have been indi-
cated followingCOVID-19; however, the impact of COVID-
19 on health-related quality of life (HRQOL), including
who may experience ongoing symptoms, is unknown.
OBJECTIVE: To identify change in HRQOL following
COVID-19 compared to pre-infection HRQOL and a
matched control group, and identify predictors of patients
who worsen.
DESIGN: Retrospective pre-post cohort study with a
matched control group.
SETTING: Large healthcare system in northeast Ohio.
PARTICIPANTS:A total of 3,690 adult patients diagnosed
with COVID-19 who completed HRQOL surveys during
routine care for ambulatory visits before and after infec-
tion. Propensity-score 1:1 match was utilized to identify
controls without COVID who completed HRQOL at two
time points.
MAIN OUTCOMES: HRQOL was assessed with PROMIS
Global Health: globalmental and physical health summa-
ry scores. Pre- and post-COVID PROMIS Global Health
was completed as part of routine care from 1/1/2019 to
2/29/2020 and 4/4/2020 to 11/1/2021, respectively,
and extracted from the electronic health record.
RESULTS: COVID-19 patients (mean age 53±15; 66%
female) completed PROMISGlobal Health in the year prior
(median 11.1 months) and after diagnosis (median 7.8
months). Compared to before infection, COVID-19
patients had a significant reduction in global mental
health and stable global physical health (−0.85 and 0.05
T-score points, respectively) with clinically meaningful re-
duction (≥5 T-score points) experienced by 27% and 23%
of patients, respectively. Predictors of worsening global
health included being female, having depression, being
hospitalized for COVID-19, and better pre-COVID global
health. Compared to the control group, there was signifi-
cantly worse global mental and physical health decline
following COVID-19 (−0.53 and −0.37 T-score points,
respectively).
CONCLUSIONS AND RELEVANCE: A quarter of patients
with COVID-19 experienced meaningful reductions in
HRQOL. Reductions in global mental and physical health
were modest, although significantly worse than a control
group. Additionally, identified predictors of patients who
worsen may assist clinicians when counseling patients of
their risk of worse HRQOL following COVID-19.
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INTRODUCTION

A large proportion of people experience long-term health
effects following COVID-19 infection, such as persistent fa-
tigue, difficulty concentrating, anxiety, and depression1–5.
Findings from studies comparing rates of depression and
mental well-being to normative values pre-COVID have been
inconsistent, with some indicating significant worsening fol-
lowing COVID-194,6 and another demonstrating no change7.
Studies have been hindered by a lack of pre-infection data, and
it is unknown whether patients’ symptoms pre-date COVID-
19 or are exacerbated by the illness. Investigating the health
status of patients with COVID-19 compared to prior to infec-
tion is paramount for understanding the impact of COVID-19
on health-related quality of life (HRQOL).
Despite studies demonstrating high rates of post-COVID

symptoms, knowledge of who may be prone to experience
persistently worse HRQOL post-infection is largely unknown.
It has been posited that pre-existing psychiatric disorders may
exacerbate long-term symptoms and worsen prognosis3,4,8,9.
Women and those with prior conditions such as obesity seem
more likely to suffer long-haul symptoms2,10,11. Some re-
search has indicated those who have been hospitalized or
had more severe COVID-19 are more likely to experience
prolonged symptoms12,13; however, others have demonstrated
symptoms persist or worsen over time for those with initially
mild infection11,14,15.
Studies assessing the effect of COVID-19 and its persistent

symptoms on HRQOL have mostly consisted of surveys con-
ducted with convenience samples, and pre-post analyses have
relied on historical norms7,13 or self-reports of pre-illness
HRQOL12,16,17. As studies in non-COVID patients and the
general population have also demonstrated higher rates of
anxiety and depression during the pandemic18,19, it is
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unknown whether reductions in HRQOL in COVID+ patients
are differentially worse than those without COVID-19.
Patient-reported measures of HRQOL have been collected

routinely at our institution as standard care, providing a unique
resource for interpreting the change in symptoms due to
COVID-19. Our study aimed to identify change in HRQOL
following COVID-19 compared to pre-infection HRQOL and
a matched control group, and identify predictors of patients
who worsen.

METHODS

This study was approved by the Institutional Review Board at
Cleveland Clinic (IRB 20-1331). Because the study consisted
of analyses of pre-existing data, the requirement for patient
informed consent was waived. The study followed STROBE
reporting guidelines for cohort studies.

Population
Patient Sample with COVID-19 Infection. The study
cohort included adults (≥18 years) who tested positive
for COVID-19 at Cleveland Clinic as documented in the
electronic health record (EHR) between 3/13/2020 and
12/31/2020. COVID-19 test results, presenting symp-
toms, and hospitalization outcomes were included from
Cleveland Clinic’s COVID-19 Registry20. COVID-19
samples were obtained through naso- and oropharyngeal
swabs, and were tested with the use of the Centers for
Disease Control and Prevention assay using Roche mag-
napure extraction (Roche Life Science) and ABI 7500
DX PCR machines (Applied Biosystems/ThermoFisher
Scientific), as per the standard laboratory testing in our
institution. For patients with multiple COVID tests, the
date of the first positive test was used as the date of
testing.
Patients were included in the study analyses if they com-

pleted PROMIS Global Health in the year prior to their diag-
nosis (between 1/1/2019 and 2/29/2020) as well as following
their diagnosis (between 4/4/2020 and 11/1/2021).

Patient Comparison Sample. A comparison sample of adult
patients seen at Cleveland Clinic was included in the study if
they were not tested for or diagnosed with COVID-19 at our
institution and had completed PROMIS Global Health in the
year prior to and again during the COVID-19 pandemic.

Demographic and Clinical Data

Patient demographics were extracted from the EHR, and me-
dian household income was estimated from 2010 census data
by zip code. Clinical characteristics included whether the
patient had a primary care provider at Cleveland Clinic, the
Charlson comorbidity index (a measure of 19 conditions re-
lated to the potential for mortality andmorbidity)21, and binary
indicators for 14 comorbidities.

Patient-Reported Outcomes

Patient-reported information, including PROMIS Global
Health, is completed as part of standard care, and is
collected through an electronic platform22 and available
in the EHR at the point of care. PROMIS Global Health
v1.0 is collected in most departments at Cleveland Clin-
ic. Patients are asked to complete the PROMIS Global
Health scale prior to an office visit if not previously
completed elsewhere in the health system within the
previous 3 months. The inclusion of additional
condition-specific surveys differs by department. Ques-
tionnaires are administered either on tablets immediately
prior to an ambulatory patient visit or at home before
their appointment via a patient portal (MyChart; Epic
Systems, Verona, WI). Starting 5/6/2020, patients diag-
nosed with COVID-19 could also complete question-
naires, including PROMIS Global Health, through the
“Home Management of COVID-19” research study.
PROMIS Global Health includes 10 items, with 9 of

the items scored on a Likert scale from 1 to 5, where 5
represents the best response. One item (pain intensity) is
answered on a scale from 0 to 10, but was recoded to a
5-point scale as recommended in the scoring manual23.
PROMIS Global Health produces two summary scores:
global mental and physical health24. Global mental
health includes 4 items on overall quality of life, mental
health, satisfaction with social activities and relation-
ships, and emotional problems. Global physical health
comprises 4 items on physical health, physical function-
ing, pain intensity, and fatigue. Two items, general
health and social roles, are not used to calculate the
summary scores. Global mental and physical summary
scores are transformed to a T-score metric, with 50
representing the mean (standard deviation of 10) of the
US general population25. Clinically meaningful differ-
ences in PROMIS Global Health summary scores are
estimated to be between 2 and 5 T-score points26.

Statistical Analysis

Propensity score (PS) matching was utilized to match
COVID+ patients to patients without COVID-19. PSs
for the probability of having COVID-19 were estimated
with a multivariable logistic regression model including
the variables presented in Table 1. The greedy nearest
neighbor method matched one COVID-19 patient to one
control patient (1:1 matching) using the smallest within-
pair difference between the PS logit using a caliper of
0.527. In the matched sample, balance of covariates was
assessed between COVID+ patients and controls using
standardized mean differences. Change between the two
time points was summarized and compared within group
using paired t-test. Change in summary scores and items
following COVID-19 was compared with the matched
controls using generalized estimating equations
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accounting for the match identifier and adjusting for
variables with standardized differences >0.1028. Lastly,
meaningful reductions were compared between COVID+
patients and controls using McNemar test.
Predictors of COVID-19 patients and their matched con-

trols who meaningfully worsened on the summary scores (≥5
T-score points) were evaluated separately through multivari-
able logistic regression models. Characteristics included in the
models were determined a priori.
Statistical analyses were conducted using SAS version 9.4

(SAS Institute Inc., Cary, NC) at significance level 0.05. As
the results of our study are exploratory and focused on esti-
mates of effect, there was no formal adjustment for multiple
comparisons.

Data Availability

The datasets generated and analyzed during this study are
available from the corresponding author upon reasonable
request.

RESULTS

There were 3,926 patients diagnosed with COVID-19 between
March and December 2020 who completed PROMIS Global
Health prior to and following diagnosis. Of these, 3,690 were
PS matched 1:1 to controls (Table 1). COVID+ patients had a
mean age of 52.7 (SD=15.4), with 65.5% female, 78.6%white
race, 60.1% married, and 90.0% had private insurance or

Table 1. Characteristics of Propensity Score–Matched COVID+ Patients and Controls

Characteristics Total (N=7,380) COVID+ (N=3,690) Controls (N=3,690) Standardized
difference

Age, mean ± SD 52.3 ± 15.7 52.7 ± 15.4 51.9 ± 15.9 0.051
Female, n (%) 4,889 (66.2) 2,418 (65.5) 2,471 (67.0) 0.030
Race, n (%)
White 5,768 (78.2) 2,901 (78.6) 2,867 (77.7) 0.028
Black/African American 1,147 (15.5) 550 (14.9) 597 (16.2)
Other 282 (3.8) 146 (4.0) 136 (3.7)
Missing 183 (2.5) 93 (2.5) 90 (2.4)
Hispanic, n (%) 256 (3.5) 151 (4.1) 105 (2.8) 0.055
Married, n (%)
Married 4,377 (59.3) 2,219 (60.1) 2,158 (58.5) 0.046
Single 2,043 (27.7) 987 (26.7) 1,056 (28.6)
Other 960 (13.0) 484 (13.1) 476 (12.9)
Median household income [q1, q3] 55015.0 [43288.0,

67669.0]
56832.0 [43288.0,
67669.0]

54722.0 [43288.0,
67669.0]

0.008

Insurance, n (%)
Medicaid 588 (8.0) 288 (7.8) 300 (8.1) 0.024
Medicare 1,711 (23.2) 869 (23.6) 842 (22.8)
Private 4,926 (66.7) 2,451 (66.4) 2,475 (67.1)
Self-Pay 155 (2.1) 82 (2.2) 73 (2.0)
Body mass index, mean ± SD 31.7 ± 7.9 31.6 ± 7.8 31.7 ± 8.1 0.013
Obesity (30+ kg/m2) 3,873 (52.5) 1,936 (52.5) 1,937 (52.5) 0.001
Smoking status, n (%)
Current 253 (3.4) 127 (3.4) 126 (3.4) 0.021
Former 2,470 (33.5) 1,255 (34.0) 1,215 (32.9)
Never 4,657 (63.1) 2,308 (62.5) 2,349 (63.7)
Charlson Comorbidity Index, median [q1,
q3]

2.0 [0.00, 4.0] 2.0 [0.00, 4.0] 2.0 [0.00, 4.0] 0.046

History of comorbidities, n (%)
COPD/emphysema 729 (9.9) 370 (10.0) 359 (9.7) 0.010
Asthma 2,725 (36.9) 1,355 (36.7) 1,370 (37.1) 0.008
Diabetes 2,695 (36.5) 1,356 (36.7) 1,339 (36.3) 0.010
Hypertension 5,354 (72.5) 2,683 (72.7) 2,671 (72.4) 0.007
Coronary artery disease 580 (7.9) 291 (7.9) 289 (7.8) 0.002
Atrial fibrillation 1,145 (15.5) 574 (15.6) 571 (15.5) 0.002
Heart failure 1,303 (17.7) 656 (17.8) 647 (17.5) 0.006
Cancer 3,773 (51.1) 1,889 (51.2) 1,884 (51.1) 0.003
Depression 3,530 (47.8) 1,774 (48.1) 1,756 (47.6) 0.010
Chronic kidney disease 1,314 (17.8) 665 (18.0) 649 (17.6) 0.011
Migraine 2,212 (30.0) 1,097 (29.7) 1,115 (30.2) 0.011
Fibromyalgia 638 (8.6) 322 (8.7) 316 (8.6) 0.006
Low back pain 4,205 (57.0) 2,090 (56.6) 2,115 (57.3) 0.014
Primary care provider at Cleveland Clinic 6,772 (91.8) 3,386 (91.8) 3,386 (91.8) 0.000
Institute where baseline PROMIS Global Health was completed
Internal Medicine 4,015 (54.4) 1,968 (53.3) 2,047 (55.5) 0.133
Neurologic 1,997 (27.1) 945 (25.6) 1,052 (28.5)
Other 1,368 (18.5) 777 (21.1) 591 (16.0)
Baseline Global Mental Health T-score 49.0 ± 9.1 49.1 ± 9.0 49.0 ± 9.2 0.010
Baseline Global Physical Health T-score 47.0 ± 8.7 46.9 ± 8.7 47.1 ± 8.6 0.015
Months between PROMIS Global Health
completions

18.9 ± 5.1 19.0 ± 5.3 18.7 ± 4.8 0.055

SD, standard deviation; q, quartile
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Medicare. COVID+ patients completed PROMIS Global
Health a median 11.1 (interquartile range: 9.2–14.4) months
prior to their diagnosis and a median of 7.8 (3.3–10.4) months
after their diagnosis. Controls were well matched to cases,
with standardized mean differences <0.10 for all variables
except institute where baseline PROMIS Global Health was
completed (standardized difference = 0.133).
Global mental health significantly worsened over time for

both COVID+ cases and controls (−0.85 (standard error =
0.12), and −0.29 (0.11) T-score points, respectively)
(Table 2). Global physical health remained stable in cases
and significantly improved in controls (0.05 (0.12) and 0.40
(0.10), respectively). Adjusting for institute and accounting for
the match identifier, COVID+ patients had significantly worse
scores over time as compared to the controls for both global
mental health (mean difference (standard error): −0.53 (0.16))
and global physical health (−0.37 (0.15)). COVID+ patients
had significantly more patients with meaningful worsening
(≥5 T-score points) over time for global mental and physical
health compared to controls (mental health: 26.8% vs 23.8%,
p=0.003; physical health: 22.6% vs 18.4%, p<0.001,
respectively).
At the item-level, COVID+ patients had significant wors-

ening on 7 of the 10 items compared to the year prior to
COVID (Table 2). When compared to controls, COVID+
patients had significantly worse declines on 8 of the 10 items
although the effect size was small for all changes (range 0–
0.15) (Fig. 1). COVID+ patients and controls both had signif-
icant reductions on the items evaluating mental health and
social roles; however, COVID+ patients worsened significant-
ly on items assessing general health and physical health, while
controls demonstrated significant improvement. Control
patients also had significant improvement in fatigue over time
while COVID+ patients improved significantly on the item
assessing pain (effect size = 0.14).

Multivariable predictors of meaningful worsening on
global mental and physical health were evaluated sepa-
rately in COVID+ patients and their matched controls.
Predictors of the COVID+ patients who worsened on
global mental health included age <50 years, being
female, having higher body mass index, higher Charlson
comorbidity index, diagnosis of asthma, depression, be-
ing hospitalized for COVID-19, and better baseline
global health (Table 3). Independent predictors of wors-
ening on global physical health for COVID+ patients
were similar to global mental health but also included
low back pain; age and asthma were not associated with
worsening on global physical health (Table 4). Interest-
ingly, predictors of worsening on global mental and
physical health in the control group were similar to
patients with COVID-19. Exceptions of note were that
female sex and Charlson comorbidity index were not
associated with worsening on global physical health for
controls.

DISCUSSION

Our study utilized longitudinally collected patient-entered
data from standard care in a large healthcare system to quan-
tify the change in HRQOL following COVID-19 infection.
Compared to before the pandemic, a quarter of patients ex-
perienced meaningful reductions in mental and physical
global health a median of 7.8 months following their first
positive COVID-19 test. When compared to matched con-
trols without COVID-19, COVID+ patients experienced
greater reductions in global mental and physical health, with
a significantly greater proportion of COVID+ patients hav-
ing meaningful declines in both mental and physical health
compared to control patients.

Table 2. Change in PROMIS Global Health in COVID+ Patients Versus Controls, n=3690 Matched Pairs

PROMIS Global Health summary
scores and items

Change in
COVID+
Mean (SE)

Change in
Controls
Mean (SE)

Difference between COVID+ vs
controls
Estimate (SE)

p-value comparing
difference

Global Mental Health T-score −0.85 (0.12)** −0.29 (0.11)* −0.53 (0.16) 0.001
Global Physical Health T-score 0.05 (0.12) 0.40 (0.10)** −0.37 (0.15) 0.016
Global Health Items
1. General health −0.10 (0.01)** 0.09 (0.01)** −0.18 (0.02) <0.001
2. Quality of life‡ −0.09 (0.01)** 0.01 (0.01) −0.10 (0.02) <0.001
3. Physical health† −0.07 (0.01)** 0.07 (0.01)** −0.13 (0.02) <0.001
4. Mental health‡ −0.12 (0.02)** −0.03 (0.01)* −0.08 (0.02) <0.001
5. Social discretionary‡ −0.13 (0.02)** −0.06 (0.02)** −0.06 (0.02) 0.005
6. Physical function† −0.05 (0.02)* 0.00 (0.01) −0.06 (0.02) 0.005
7. Pain† 0.15 (0.02)** 0.00 (0.01) 0.14 (0.02) <0.001
8. Fatigue† −0.02 (0.01) 0.05 (0.01)** −0.06 (0.02) 0.001
9. Social roles −0.14 (0.02)** −0.08 (0.01)** −0.06 (0.02) 0.005
10. Emotional problems‡ 0.02 (0.02) −0.03 (0.02) 0.04 (0.02) 0.070

Mean with standard error (se) presented for change in PROMIS summary scores and items; negative estimates indicate worse health-related quality of
life for patients at time point 2 compared to baseline; *p<0.05, **p<0.001, based on paired t-test; difference between COVID+ patients versus controls
with p-value based on GEE models accounting for institute of baseline completion and match identifier; ‡questions comprise PROMIS Global Mental
Health summary score; †questions comprise PROMIS Global Physical Health summary score
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To our knowledge, no other study has measured HRQOL
before and after COVID-19 infection. Prior pre-post studies
have relied on patients to think back to their status pre-ill-
ness12,16,17, which introduces substantial recall bias. Addition-
ally, the majority of studies assessing HRQOL following
COVID-19 did not have a control group, rendering it difficult
to determine if declines are due to COVID-19 or general
byproducts of the pandemic14,17,29–31. Our study adds new
insight through the inclusion of a comparison group of
matched controls who did not have COVID-19 but completed
two HRQOL assessments. Approximately a quarter of
COVID+ patients had meaningful worsening in both mental
and physical health post-infection. A significantly larger pro-
portion of patients with COVID-19 hadmeaningful worsening
in global mental health compared to controls (26.8% cases vs
23.8% controls), suggesting that the effects of COVID-19, and
not just the pandemic-itself, contribute to reduced mental
health in some patients. A meaningful reduction in physical
health also occurred more frequently in COVID+ patients
(22.6%) than controls (18.4%) although there was overall
positive change in the mean scores of both groups (0.05 T-
score points for cases and 0.40 for controls). The mean differ-
ences in summary scores were modest, however, with changes
of less than 1 T-score point, far lower than previously reported
measures of minimal clinically important change26. Our find-
ings help to quantify the change in HRQOL following
COVID-19 infection.
In the evaluation of individual items over time, mental

health and social activities and roles were significantly
reduced compared to pre-pandemic for both COVID+

patients and controls. Much has been written about the
effects of the pandemic on social and mental health in the
general population3,18,19. Depressive symptoms have been
shown to increase 3-fold during the COVID-19 pandemic
compared to before18, and feelings of loneliness have
increased due to social isolation32–34. Compared to con-
trols in our study, COVID+ patients had significantly
larger reductions in items assessing general health, quality
of life, physical health and function, mental health, social
discretionary and social roles, and fatigue. These findings
are generally consistent with those of other studies assess-
ing HRQOL in COVID-19 patients, which have demon-
strated worse scores in the areas of fatigue, general health,
and functional impairment in daily life14,29. Fatigue has
been one of the most prevalent symptoms identified dur-
ing and following COVID-19 infection6,35–37 and there is
growing concern that COVID-19 could trigger post-viral
fatigue syndromes9. However, in our study the greater
worsening of fatigue in COVID+ patients compared to
controls was due to a slight improvement in the control
group’s scores over time. In fact, COVID+ patients did
not have significantly worse fatigue scores following
COVID-19 compared to pre-pandemic.
Predictors of worsening on global mental health in

COVID+ patients in our study included younger age, being
female, having high body mass index and Charlson comor-
bidity index, having depression, being hospitalized for
COVID-19, and having better pre-pandemic global health.
These findings are consistent with other studies which have
assessed predictors of worse mental health, including

Figure 1. Standardized effect size for change in PROMIS Global Health items for COVID+ patients versus propensity score–matched controls.
Cohen D’s effect size for change in PROMIS Global Health items for COVID+ patients versus matched controls. ‡Questions comprise

PROMIS Global Mental Health summary score; †questions comprise PROMIS Global Physical Health summary score
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depression and anxiety2,8. Without a comparison group, it is
not possible to know if patients with COVID-19 experience
differentially worse mental health than the general population.
Because our control group was matched to the cases, we were
unable to evaluate predictors in the same model, but our
stratified analysis elucidated similar predictors in the control
group: younger age, being female, higher Charlson comorbid-
ity index, and having depression. Interestingly, higher body
mass index was only associated with worsening following
COVID-19.
Studies assessing predictors of worse functional status fol-

lowing COVID-19 have identified older age, more comorbid-
ities including obesity, psychiatric conditions, more severe
COVID-19 infection, and ICU stay7,10,12,16,30,38. Our study
found similar predictors, with the exception of age which was
not associated with worse global physical health. While most
of these predictors were significant for both COVID+ patients
and controls, female sex and higher Charlson comorbidity
index were only associated with worsening global physical
health following COVID-19 infection.
Our study has implications for clinical care. Given the

significant reductions in mental and social HRQOL seen
in both COVID+ outpatients and controls, healthcare
systems should prioritize access to psychological support
for those more likely to suffer from adverse effects of

the pandemic. This could potentially entail ramping up
efforts to screen for depression and anxiety at primary
care visits, especially those patients with characteristics
associated with decline in mental and social HRQOL
identified in our study. It may also be beneficial to
reach out to patients who may have avoided going to
their healthcare providers during the pandemic, irrespec-
tive of their COVID status. Additionally, we found
patients who suffered from COVID-19 were more likely
to have worse physical and mental health, compared to
controls. Some of these patients may have long COVID
and would benefit from multidisciplinary treatment and
ongoing care. In February 2021, our institution devel-
oped a COVID-19 recovery clinic to help triage care to
patients based on continued COVID symptoms. One of
the methods to identify symptoms is the PROMIS Glob-
al Health, and our study supports the use of the
PROMIS Global Health as a screener. Improving the
understanding of symptoms and symptom duration, par-
ticularly in outpatients, will help direct care, inform
interventions, and tailor treatment plans.
Our study has many strengths, including the large sample

size, availability of pre-infection patient-reported data, and a
PS-matched control group. The patients included in this study
completed PROMIS Global Health as standard care, and not

Table 3. Multivariable Predictors of Meaningful Worsening on PROMIS Global Mental Health in COVID+ Patients and Controls

COVID+ Patients, n=3690 Matched Controls, n=3690

Meaningful worsening, n (%) 987 (26.8%) 877 (23.8%)
aOR (95% CI) p-value aOR (95% CI) p-value

Age categorization (reference = 50–64)
18-34 1.70 (1.30–2.21) <0.001 1.55 (1.19–2.02) 0.001
35-49 1.31 (1.06–1.63) 0.013 1.25 (0.99–1.57) 0.054
65+ 1.00 (0.81–1.25) 0.97 1.14 (0.91–1.42) 0.25
Female (vs male) 1.20 (1.01–1.43) 0.044 1.29 (1.07–1.55) 0.007
Race (reference = White)
Black/African American 1.02 (0.79–1.30) 0.91 0.70 (0.55–0.91) 0.006
Other 0.95 (0.62–1.47) 0.82 1.27 (0.83–1.94) 0.28
Unreported 1.27 (0.77–2.09) 0.34 0.77 (0.44–1.37) 0.38
Married (vs other) 0.85 (0.71–1.01) 0.070 0.75 (0.63–0.89) 0.001
Median household income 0.98 (0.94–1.03) 0.42 0.96 (0.91–1.01) 0.081
Body mass index (per 5kg/m2) 1.07 (1.01–1.13) 0.018 1.00 (0.94–1.05) 0.88
Comorbidities
Charlson Comorbidity Index 1.04 (1.01–1.07) 0.012 1.04 (1.01–1.08) 0.008
Asthma 1.19 (1.00–1.41) 0.045 1.10 (0.93–1.31) 0.27
Hypertension 0.97 (0.80–1.18) 0.75 1.11 (0.91–1.36) 0.31
Atrial fibrillation 0.94 (0.75–1.18) 0.58 1.02 (0.81–1.28) 0.89
Depression 1.29 (1.08–1.53) 0.004 1.30 (1.09–1.55) 0.004
Migraine 0.95 (0.79–1.15) 0.61 1.08 (0.89–1.31) 0.42
Fibromyalgia 0.89 (0.65–1.22) 0.48 1.19 (0.87–1.62) 0.27
Low back pain 1.16 (0.98–1.37) 0.090 1.11 (0.93–1.31) 0.25
Primary care provider at Cleveland Clinic 0.93 (0.70–1.24) 0.61 0.96 (0.72–1.28) 0.77
Institute (reference = Internal medicine)
Neurologic 1.21 (0.99–1.47) 0.060 1.15 (0.94–1.40) 0.17
Other 1.13 (0.92–1.39) 0.25 1.32 (1.05–1.65) 0.017
Number of COVID presenting symptoms 1.01 (0.96–1.05) 0.84 n/a
Hospitalized for COVID 1.40 (1.12–1.76) 0.004 n/a
Baseline PROMIS Global Health 1.11 (1.10–1.13) <0.001 1.11 (1.10–1.12) <0.001
Months between PROMIS Global Health completions 1.01 (0.99–1.03) 0.11 1.01 (0.99–1.03) 0.29

aOR (95% CI) = adjusted odds ratio presented with confidence interval; meaningful worsening defined as reduction of 5+ T-score points. Models
conducted separately in COVID+ patients and controls. Variables included in the models were determined a priori; comorbidities were included if they
were not also included in the Charlson comorbidity index. Due to multicollinearity with age categories, which were categorized based on data
distribution and clinical relevance, insurance status was not included
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part of a research study, increasing the generalizability of our
results. There are, however, some limitations which deserve
mention. There is selection bias in that COVID+ patients
included in the study were Cleveland Clinic patients who
completed patient-entered data longitudinally, and were there-
fore more likely to be older, White, have higher income, and
more comorbidities than patients whowere not seeking health-
care. Similarly, our control group may also not be representa-
tive of outpatient populations, although the overall change in
PROMIS Global Health from pre-pandemic to during the
pandemic is similar to previous reports by our group of
71,117 patients seeking medical care39. Lastly, it is possible
controls were diagnosed with COVID-19 outside of our health
system; however, if they were seen at Cleveland Clinic to
complete their second PROMIS Global Health, it is assumed
a positive COVID-19 diagnosis could have been entered into
the EHR.
In conclusion, a quarter of patients with COVID-19 expe-

rienced meaningful reductions in global health from pre-
pandemic to 8 months following infection. Compared to a
matched control group, reductions in global mental and phys-
ical health were modestly worse following COVID-19. The
social and mental impact of the COVID-19 pandemic affected
both cases and controls, with COVID-19 patients differentially

affected in the areas of general health and physical function.
Lastly, we identified predictors of patients who worsen, which
can assist clinicians in identifying patients who may be at an
increased risk of worse HRQOL following COVID-19.

Corresponding Author: Brittany Lapin, PhD; Department of Quan-
titative Health Sciences, Lerner Research Institute, Cleveland Clinic,
Cleveland, OH, USA (e-mail: LapinB@ccf.org).
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