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Abstract

Objective: To identify predictors of clinically meaningful declines in health-related quality of life (HRQoL) among
COVID-19 patients over a |2-month period in a prospective, natural history investigation.

Methods: We conducted a longitudinal study involving individuals who had tested positive for SARS-CoV-2, assessing
various factors and their impact on HRQoL after 12months. Key potential predictors examined included demographic
information, medical history, and symptom reporting. HRQoL was measured using the validated EuroQolL Dimension 5
level scale at baseline and at the |12-month follow-up.

Results: The analysis revealed that shortness of breath, a diagnosis of COPD, lower BMI, and a history of anxiety at
the initial visit were all significantly associated with clinically meaningful worsening of HRQoL at 12 months. Specifically,
individuals with these factors experienced more pronounced declines in HRQoL compared to those without. Notably, the
small number of COPD cases within our sample (4 total) limited the reliability of this predictor.

Conclusions: Shortness of breath, lower BMI, and a history of anxiety are important predictors of deteriorated HRQoL in
COVID-19 patients over the long term. Although the association with COPD is less reliable due to sample size limitations,
these findings highlight the need for targeted interventions and continued support for patients exhibiting these risk factors
to improve long-term HRQoL outcomes. Future research with larger samples is needed to confirm these results and
further investigate the role of these factors in post-COVID HRQoL declines.
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Background 2024.% Hence, primary care physicians have been and will
continue to see patients at various points after initial SARS-
CoV-2 infection and it is imperative to identify individuals
who will have the greatest impact of COVID-19 on their
lives and health.

Coronavirus disease 2019 (COVID-19) is an infectious dis-
ease caused by novel coronavirus (SARS-CoV-2).! Even
when individuals recover from the acute SARS-CoV-2
infection, there are often lasting symptoms that severely
affect an individual’s function and quality of life.>* It has
been well-established that COVID-19 is associated with a
wide variety of symptoms, possibly affecting any organ sys-
tem, and that these symptoms may be persistent in many .
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Health-related quality of life (HRQoL) is a widely used
indicator of one’s health and well-being. HRQoL encom-
passes physical and mental health perceptions, with the
CDC defining HRQoL as “an individual’s or group’s per-
ceived physical and mental health over time.”® HRQoL is
an important component of public health surveillance and
can be considered a marker of unmet needs.'” In addition,
self-assessed health status has been shown to be a better
predictor of mortality and morbidity than more traditional
risk factors such as functional status and depression.'!"1?

Therefore, if risk factors can be identified that distin-
guish individuals that have diminished HRQoL post-
COVID-19, healthcare and public health providers can
better prospectively identify this population to address
potential unmet needs. While there have been numerous
studies examining the HRQoL of individuals after SARS-
CoV-2 infection, with a recent systematic review including
over 20 studies,’® the majority of studies investigated
HRQoL cross-sectionally and did not assess long COVID.
The few studies that have examined HRQoL prospectively
stopped evaluation at 3months'* or 6months.'* The litera-
ture on COVID-19 does continue to grow every day, spe-
cifically in the context of examining long COVID.!¢-?2
However, the vast majority of literature on long COVID is
also cross-sectional, with HRQoL only being assessed at 1
time point and utilizing a comparison of HRQoL in indi-
viduals who had COVID-19 to individuals without COVID-
19. While these analyses provide important information
about the prevalence and burden of symptoms at different
snapshots in time, it doesn’t provide continuous monitoring
of data that would possibly identify individuals at particular
risk for HRQoL that worsens over time.

Therefore, the aim of this prospective, natural history
study was to identify predictors of changes in HRQoL over
time among individuals with a history of SARS-CoV-2
infection. Participants entered the study at varying time-
points after infection (ranging from 44 to 420days) and
were followed for at least 12 months.

Methods

Patient Population

Based on the search of our electronic medical record sys-
tem, individuals who had tested positive for SARS-CoV-2
(diagnosed with a positive qPCR test or an antigen test) at
an outpatient or inpatient facility of Inova Health System
between March 2020 and July 2022 were contacted to par-
ticipate in this prospective study. Eligible enrollees were
required to have been at least 28 days post COVID-19 diag-
nosis, willing and able to provide an informed consent, and
be at least 18years of age. The study protocol received
approval from both the Institutional Review Board (IRB) of
Inova Health System and from the Western IRB prior to

study initiation. Written consent was obtained for in-person
patients and verbal consent was obtained for virtual patients.

Data Collection

The full description of all study procedures and assessments
(physical, cognitive, and questionnaire) conducted for the
protocol is detailed in our previous publication.?* All partici-
pants were asked to verbally answer specifically curated ques-
tions about their COVID-19 illness experience (eg, duration
and severity of illness). For this investigation, demographic
information, medical history, and HRQOL data were utilized.
These data were from the baseline (initial) and 12-month time
points. Consented participants were given the option to par-
ticipate in-person at our clinic or remotely (by phone or
through online video conferencing) for both time points.

Post-COVID Symptoms

To assess post-COVID symptoms at the Baseline visit, par-
ticipants were verbally asked if they had any current symp-
toms that were not present prior to their COVID-19
infection. Due to the variability in responses, symptoms
were reviewed by investigators and categories were created
based on the most commonly reported symptoms.

HRQOL/PRO

To evaluate the impact of COVID-19 on function and
HRQOL, we included data from the EuroQol 5 Dimension 5
Level (EQ-5D) assessment. The EQ-5D is a generic instru-
ment that is widely used for the calculation of health utility
scores. Health status is measured in terms of 5 dimensions:
Mobility, Self-Care, Usual Activities, Pain/Discomfort, and
Anxiety/Depression; the resulting 5-digit number is then
converted into a single weighted index score (range 0-1)
using a previously described crosswalk algorithm.>

To assess Mobility, the participant is asked if they have
no,” “slight,” “moderate,” or “severe” problems walking
or are “unable to” walk. For Self-Care, they are asked if
they have “no,” “slight,” “moderate,” or “severe” problems
with washing or dressing themselves or are “unable to.” For
Usual Activities (ie, work, study, housework, family, or lei-
sure activities), they are asked if they have “no,” “slight,”
“moderate,” or “severe” problems with usual activities or
are “unable to.” For Pain/Discomfort, they are asked if they
have “no,” “slight,” “moderate,” “severe,” or “extreme”
pain or discomfort. For Anxiety/Depression, they are asked
if they are “not,” “slightly,” “moderately,” “severely,” or
“extremely” anxious or depressed.

To detect meaningful clinical change in EQ-5D scores
over time, we adopted the concept of minimal clinically
important difference (MCID), which is defined as the small-
est difference score possible to be perceived by patients as
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Table I. Characteristics of Participants With and Without Minimal Clinically Important Worsening of HRQoL at 12 Months Post
Baseline.
With worsening Without worsening
Characteristic Total Sample of HRQoL of HRQoL
N=82 n=24 n=58 P
Age (years), mean = SD 557+ 148 529+ 17.6 569+ 134 .28
Female, n (%) 48 (58.5) 13 (54.1) 35 (60.3) .54
Self-reported race, n (%)
Black 5(6.1) 1 (4.2) 4(6.9) .64
White 45 (54.9) 12 (50.0) 33 (56.9) .57
Hispanic 21 (25.6) 7(29.2) 14 (24.1) .64
College graduate, n (%) 53 (67.1) 13 (58.5) 40 (74.1) .20
Married, n (%) 47 (57.3) 12 (50.0) 35 (60.3) .39
BMI (kg/m?), mean = SD 30.5*8.1 28.0 = 5.5% 31.6+87 .06
COPD 4 (4.9) 3 (12.5)%* 1 (1.7) .04
Diabetes, n (%) 2(24) 0 (0.0 2(34) .36
Hypertension, n (%) 31 (37.80 9 (37.5) 22 (37.9) .97
Hyperlipidemia, n (%) 35 (42.7) 12 (50.0) 23 (39.7) .39
Anxiety, n (%) 1 (13.4) 6 (25.0)*%* 5(8.6) .05
Depression, n (%) 12 (14.8) 4 (16.7) 8 (13.8) 74
Days since COVID-19, mean = SD 1724 +89.5 167.8 2794 174.3 £94.1 .99
Hospitalization, n (%) 33 (40.7) 10 (41.7) 23 (40.4) 91
Ventilator, n (%) 7 (8.6) 1 (4.2) 6 (10.5) .35

Abbrviations: BMI, body-mass index; COPD, chronic obstructive pulmonary disease.
**Statistically significant (P<.05) difference between those with and without worsening of HrQoL.
*Trend (P<.10) for a difference between those with and without worsening of HrQoL.

beneficial in order to mandate change in patient manage-
ment.?* The purpose of MCID is to add clinical relevance
from the patient’s perspective when observing changes to
HRQOL scores. This approach has been previously utilized
by others when investigating EQ-5D.?>-?’

Statistical Analyses

Parameters were summarized as mean * standard deviation or
frequency (percentage), and were compared between groups
(those with clinically important worsening of EQ-5D com-
pared to those without) using Wilcoxon rank sum non-para-
metric test (continuous parameters) or Pearson’s chi-square
test (categorical parameters). Independent predictors of the
study outcome (the presence vs absence of minimal clinically
important worsening of EQ-5D at 12months following base-
line) were assessed using a logistic regression model. MCID
groups were defined as a change of EQ-5D index of 0.05 (5%
of range size) in either direction. Two-sided P-values of <.05
were considered statistically significant.

Results

There were 82 participants (out of 189 participants that
were contacted for follow-up) who had HRQoL assessed at

the baseline timepoint and 12 months after baseline (Table
1). The majority were females (58.5%), white (54.9%), col-
lege-educated (67.1%), married (57.3%) with a mean age of
55.7 £ 14.8, and average body-mass index of 30.5 + 8.1.
The most common co-morbidity was hyperlipidemia
(42.7%) followed by hypertension (37.8%).

On average, participants entered the study 172.4
(89.5) days after their diagnosis. A total of 33 people
were hospitalized (40.7%) and 8.6% had been placed on
a ventilator. At baseline, 92.7% of the sample reported at
least 1 symptom and on average experienced 2.82 (2.28)
symptoms. At 12 months, 76.3% of the sample reported
at least 1 symptom and on average experienced 2.11
(2.22) symptoms.

Health-Related Quality of Life

As presented in Table 2, individuals with a minimal clini-
cally important worsening of HRQoL have statistically sig-
nificant differences in all 5 domains that are assessed:
mobility, self-care, usual activity, pain/discomfort, and anxi-
ety/depression. Participants with HRQoL worsening were
more likely to report shortness of breath at baseline, have a
diagnosis of chronic obstructive pulmonary disease (COPD),
have a lower BMI, and a history of anxiety (Tables 1 and 2).
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Table 2. Health-related Quality of Life (HRQoL) Experienced by Participants With and Without Minimal Clinically Important

Worsening of HRQoL at 12 Months Post Baseline.

With worsening Without worsening

HRQoL Total Sample of HRQoL of HRQoL
N=82 n=24 n=58 P
EQ5D index at baseline 0.79+0.19 0.82*+0.16 0.78+0.20 37
EQS5D mobility 1.66 +1.04 1.50+0.88 .72+ 1.10 42
EQS5D self-care 1.34+0.77 1.25+0.53 1.38+0.85 79
EQS5D usual activities 1.82+1.09 1.67 £0.87 1.88x1.17 .60
EQS5D pain/discomfort 1.93 +1.00 1.79 £1.02 1.98 +1.00 .34
EQS5D anxiety/depression 1.76 = 0.87 1.96 £0.91 1.67 +0.85 A5
EQS5D index at |2 months 0.79+£0.20 0.67 =0.21* 0.85+0.17 <.0l
EQS5D mobility 1.68 £1.03 2.04 = 1.08* 1.53+0.98 .02
EQS5D self-care 1.32+0.86 1.63 £ 1.17* 1.19+£0.66 .0l
EQS5D usual activities 1.80 = 1.08 229+ 1.33% 1.60 +0.90 .02
EQS5D pain/discomfort 1.98£0.93 2.54+1.02% 1.74+0.78 <.0l
EQS5D anxiety/depression 1.72+1.07 2.50 = 1.32% 1.40 = 0.75 <.0l
Number of symptoms 2.82+2.28 2.96 = 1.8l 276 247 .20
Symptoms present in at least 10% of the sample at baseline: (%)
Fatigue 29 (35.4) 8(33.3) 21 (36.2) .80
Headache 10 (12.2) 4 (16.7) 6(10.3) A3
Joint pain 8 (9.8) 2(34) 6(10.3) .78
Loss of Smell 17 (20.7) 7 (29.2) 10 (17.2) .23
Memory Loss 24 (29.3) 6 (25.0) 18 (31.0) .58
Rash 14 (17.1) 2 (8.3) 12 (20.7) .18
Shortness of breath 13 (15.9) 7 (29.2)* 6 (10.3) .03

EQ5D Index ranges from 0 to |, higher score indicates better HRQoL.

For the individual EQ5D questions, the score ranges from | to 3, higher score indicates worse HRQoL.
*Statistically significant (P<<.05) difference between those with and without worsening of HRQoL.

Prediction of Worsening Health-Related Quality
of Life

Table 3 shows the factors associated with a clinically impor-
tant worsening of health status based on a multivariable
logistic regression. Factors that were statistically significant
univariately were entered into the model. All factors of the
model were assessed at baseline. Shortness of breath symp-
tom report, history of anxiety, and BMI remained as statisti-
cally significant predictors in the model.

Discussion

Summary

Our study found that shortness of breath, diagnosis of
COPD, lower BMI, and a history of anxiety at the initial
visit were all associated with worsened HRQoL 12 months
later (Table 3). The number of cases of COPD within the
sample (4 total) limits the reliability for that predictor.

Findings Within the Context of Previous
Research

The most surprising finding was that those with higher BMI
at the initial visit were not more likely to have minimal

Table 3. Statistically Significant Factors Predicting Minimal
Clinically Important Worsening of Health-related Quality of Life
at 12 Months Following Baseline.

Factors Odds ratio (95% ClI) P

Anxiety 4.82 (1.08,21.60) .04
COPD 12.07 (0.66, 221.42) .09
BMI 0.90 (0.81, 0.99) .02
Shortness of 7.46 (1.67, 33.40) .01

Breath

Abbreviations: BMI, body-mass index; Cl, confidence interval; COPD,
chronic obstructive pulmonary disease.

COPD was only present in 4 individuals (4.9% of the sample) and while
the odds ratio was very high, it did not reach statistical significance.

clinically important worsening of HRQoL. The majority of
the literature associates increased BMI with increased rate
of hospitalization, ICU utilization, increased post-COVID
syndrome risk, and longer recovery—especially for women
or when there was pulmonary disease prior to COVID
infection.?®3? The presence of post-COVID sequelae is not
confined to those who have had severe SARS-CoV?2 infec-
tion (eg, hospitalization).?* Our data are consistent with por-
tions of that previous literature; the group that had higher
BMI (no worsening of HRQoL) did have higher numbers of
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cases of hospitalization and ventilator use, albeit not to a
statistically significant degree. Higher BMI has also not
been universally reported as worsening mortality in those
with acute COVID, even in the early days of the pan-
demic.**** Others have noted that there may be a U-shaped
curve between BMI and outcomes, with both low and high
BMI patients at increased risk.’

However, this is not the first time that higher BMI has
been associated with better recovery post illness, also
known as the obesity paradox.*® This is especially seen in
older adults, for whom low BMI is associated with worse
all-cause mortality outcomes in the presence of comorbidi-
ties and acute conditions when short and long-term mortal-
ity are assessed.’’ Future investigations will need to study
this phenomenon further, with longitudinal studies being
required to thoroughly understand the prospective relation-
ships between BMI and diminished HRQoL.

Shortness of breath is a common symptom in both acute
and post-COVID syndrome®® and in our investigation, it
was a predictor of worsening HRQoL. Shortness of breath
can manifest in various ways, and its relationship to HRQoL
and COVID-19 can be complex. There are various potential
explanatory factors including: (1) lung damage; (2) inflam-
mation; (3) deconditioning; (4) cardiovascular effects; (5)
reactivation of previous symptoms; and (6) psychological
factors.

COVID-19 primarily affects the respiratory system, and
severe cases can lead to lung damage or scarring. Even after
recovery, individuals may experience ongoing respiratory
issues, including shortness of breath. Persistent inflamma-
tion following a COVID-19 infection can contribute to
ongoing respiratory symptoms. The inflammation might
affect the lungs or the lining of the airways, leading to
breathing difficulties. Prolonged illness or hospitalization
can result in physical deconditioning. Individuals who have
been bedridden or less active during their illness may expe-
rience decreased lung capacity and endurance, leading to
shortness of breath during physical activity. COVID-19 can
also impact the cardiovascular system. Inflammation and
damage to the heart or blood vessels can contribute to
symptoms like shortness of breath, as the heart works harder
to supply oxygen to the body. In some cases, individuals
may experience a reactivation of symptoms related to pre-
existing conditions, such as asthma or COPD, which can be
worsened by COVID-19.%° Anxiety and stress related to the
illness or the recovery process can exacerbate the percep-
tion of shortness of breath. Some individuals may feel more
breathless due to heightened awareness or anxiety, even if
there is no significant underlying physiological cause.

Our findings support that both a history of COPD and
anxiety are related to worsening HRQoL, along with short-
ness of breath. To further investigate potential factors that
were related to shortness of breath, we conducted an addi-
tional analysis comparing those individuals that reported
shortness of breath at the initial visit to those that did not

report that symptom. There was not strong evidence that the
shortness of breath was related to an underlying mechanical
disruption, as the arterial oxygen saturation was similar
across groups, as was the history of COPD and being hospi-
talized and/or being on a ventilator during COVID.
However, there were various factors that distinguished indi-
viduals with shortness of breath at the initial visit including
a history of asthma, higher BMI, higher resting heart rate
(but not systolic or diastolic blood pressure), a higher num-
ber of symptoms reported, and higher scores on assessments
of anxiety (ie, GAD-7). It is clear that the relationship
between shortness of breath and worsening HRQoL is mul-
tifaceted, likely involving both physical and psychological
aspects. It will be important to continue to study this symp-
tom in order to try to understand the prospective relation-
ship with HRQoL and the underlying factors that cause the
manifestation of the symptom, perhaps including repeated
measures of pulmonary mechanics, which we did not mea-
sure in this study.

Limitations

There are limitations that should be noted for this study.
One limitation is there was no time limit criteria for when
subjects needed to enroll after they met inclusion criteria of
>28days post-acute infection. Thus, the window between
infection and study enrollment was relatively wide, as some
subjects were enrolled shortly after infection and others
were enrolled months later. It is likely that because of this,
there were post-COVID symptoms that were not captured
at the baseline visit due to these symptoms having subsided
during the period between infection and enrollment. The
second limitation is missing data. Not all subjects at the
baseline and/or 12 months visit completed the EQ5D assess-
ment and therefore could not be included in this analysis.
Although the study originally recruited several hundred
people, with a smaller portion included in this investigation
(due to missing data), the sample size may not have been
powerful enough. For example, COPD diagnosis was statis-
tically significant, but with only 4 cases within the cohort,
the confidence interval of the finding was too wide to be
useful in determining the size of the effect. Additionally, the
sample consisted of individuals that volunteered for a longi-
tudinal research study, and individuals that volunteer for
these types of studies may have inherently different experi-
ences than individuals that would not volunteer.

Another important limitation to consider is the concep-
tual validity of HRQoL measures, particularly when using
multi-domain tools such as the EQ-5D. Some scholars have
raised foundational concerns about the extent to which the
anxiety/depression domain may influence or confound
responses across the other domains (mobility, self-care,
usual activities, and pain/discomfort), particularly in con-
texts marked by widespread psychological stress such as the
COVID-19 pandemic.*’ In our study, it is possible



Journal of Primary Care & Community Health

that elevated anxiety and depression during the pandemic
influenced participant responses across all dimensions, thus
complicating the interpretation of HRQoL as a distinct and
multidimensional construct. While HRQoL remains a widely
used and accepted metric, this potential overlap—especially
under conditions of heightened psychological distress—
should be considered when interpreting our findings.

Conclusions

Our study highlights key predictors of minimal clinically
meaningful declines in HRQoL in COVID-19 patients over
a 12-month period. Notably, shortness of breath, a diagnosis
of COPD, lower BMI, and a history of anxiety at the initial
visit were all significantly associated with clinically impor-
tant worsening of HRQoL. These findings underscore the
importance of evaluating patients for these symptoms and
addressing them early in the recovery process to potentially
mitigate long-term declines in quality of life. The limited
number of cases with COPD (n=4) affects the reliability
and generalizability of this predictor. Overall, our results
emphasize the need for ongoing monitoring and support for
COVID-19 patients, especially those presenting with short-
ness of breath, lower BMI, and a history of anxiety, in order
to improve long-term outcomes and enhance quality of life.
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