Quality of Life Research
https://doi.org/10.1007/511136-024-03739-4

=

Check for
updates

The faces of Long-COVID: interplay of symptom burden
with socioeconomic, behavioral and healthcare factors

Carolyn E. Schwartz'?® . Katrina Borowiec'" - Bruce D. Rapkin*

Accepted: 13 July 2024
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2024

Abstract

Aims The long-term effects of COVID-19 (Long COVID) include 19 symptoms ranging from mild to debilitating. We
examined multidimensional correlates of Long COVID symptom burden.

Methods This study focused on participants who reported having had COVID in Spring 2023 (n=656; 85% female, mean
age=>55, 59% college). Participants were categorized into symptom-burden groups using Latent Profile Analysis of 19 Long-
COVID symptoms. Measures included demographics; quality of life and well-being (QOL); and COVID-specific stressors.
Bivariate and multivariate associations of symptom burden were examined.

Results A three-profile solution reflected low, medium, and high symptom burden, aligning with diagnosis confirmation
and treatment by a healthcare provider. Higher symptom burden was associated with reporting more comorbidities; being
unmarried, difficulty paying bills, being disabled from work, not having a college degree, younger age, higher body mass
index, having had COVID multiple times, worse reported QOL, greater reported financial hardship and worry; maladaptive
coping, and worse healthcare disruption, health/healthcare stress, racial-inequity stress, family-relationship problems, and
social support. Multivariate modeling revealed that financial hardship, worry, risk-taking, comorbidities, health/healthcare
stress, and younger age were risk factors for higher symptom burden, whereas social support and reducing substance use
were protective factors.

Conclusions Long-COVID symptom burden is associated with substantial, modifiable social and behavioral factors. Most
notably, financial hardship was associated with more than three times the risk of high versus low Long-COVID symptom
burden. These findings suggest the need for multi-pronged support in the absence of a cure, such as symptom palliation,
telehealth, social services, and psychosocial support.

Keywords Long COVID - Symptom burden - Quality of life - Stress - Financial hardship - Discrimination - Social
determinants of health

Abbreviations Long COVID Long-term post-acute effects of
AIC Akaike Information Criterion COVID-19
BIC Bayesian Information Criterion LPA Latent profile analysis
COVID-19 Coronavirus disease 2019 LRT Likelihood ratio test
ES Effect size PROMIS Patient-Reported Outcome Information
System
< Carolyn E. Schwartz QOL Quality of life
carolyn.schwartz@deltaquest.org
! DeltaQuest Foundation, Inc., Concord, MA, USA Introduction
2 Departments of Medicine and Orthopaedic Surgery, Tufts
University Medical School, Boston, MA, USA The coronavirus disease 2019 (COVID-19) pandemic has
3 Department of Measurement, Evaluation, Statistics, & had far-reaching effects on mortality and morbidity among
ﬁjﬁiﬂiﬁ}iﬁﬁn ﬁgﬂ:’%}ggﬁ;?{cﬁf%‘: %?X‘“ion people across the globe. As of April 13, 2024, there have
) .p _ ’ ’ _ ’ been 1,188,991 COVID deaths in the United States (US)
Department of Epidemiology and Population Health, Albert [1]. An estimated 1015 million individuals in the US are

Einstein College of Medicine, Bronx, NY, USA

Published online: 30 July 2024 @ Springer


http://orcid.org/0000-0002-9173-7774
http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-024-03739-4&domain=pdf

Quality of Life Research

affected by a new chronic condition that occurs within
2 months of the initial COVID illness and can last weeks,
months or even years after infection [2, 3]. Referred to as
post-acute syndrome of COVID-19 or long COVID (Long
COVID) [3-5], this condition can impact every organ sys-
tem [6], with symptom presentation varying across indi-
viduals. The Centers for Disease Control notes a list of 20
“commonly reported” symptoms that can range from mild
to debilitating, with up to 200 Long COVID symptoms
identified [2]. Some of the symptoms are similar to myalgic
encephalomyelitis/chronic fatigue syndrome [7]. The dura-
tion of Long COVID is currently unknown and there is no
treatment for it yet, with current recommendations focus-
ing on symptom management and remaining up-to-date on
COVID vaccines [7].

The phenotypes of Long COVID are numerous, highlight-
ing complex presenting and predisposing features [8]. Many
studies documented a higher risk of Long COVID among
females [9-14], as well as a higher risk if the individual
had five or more symptoms in the first week of COVID [10,
12, 15], had more severe acute COVID [13], or had been
hospitalized for COVID [15]. Higher risk is associated
with older age [9, 10, 12], and a higher body mass index
[10]. Long COVID is also more likely in the context of pre-
existing medical conditions [12, 13, 15, 16], including sleep
problems [14, 17], fatigue [14], autoimmune disorders [18],
respiratory and gastrointestinal conditions [18], and depres-
sion, anxiety [11, 14, 19], or somatoform disorders [19].
Pulmonary fibrosis, normally a rare condition [20], has been
documented in 40% of hospitalized COVID survivors [13].
Additional conditions have been established to develop post-
COVID, such as myalgic encephalomyelitis/chronic fatigue
syndrome [21].

Long COVID can have detrimental effects on both physi-
cal and mental health [22], which can co-occur [23]. Long-
term impairments in cognitive functioning have also been
documented [14]. Cognitive functioning deficits appear to
be more likely in males [24], in those with fewer years of
education [14], and with higher post-traumatic stress, anxi-
ety or depression [25].

Given the well-documented disproportionate effect of
COVID-19 on marginalized groups [26-29], it is likely
that the experience of Long COVID intersects with social
determinants of health [9]. Social determinants of health are
defined by the World Health Organization as the environ-
mental factors that influence health outcomes, encompass-
ing economic policies and systems, development agendas,
social norms, social policies and political systems [4, 9]. In
addition to non-modifiable characteristics such as age, sex
assigned at birth, race, and pre-existing conditions, social
determinants of health involve structural and modifiable
variables such as employment, income, community charac-
teristics [9], and psychological mechanisms [30]. A recent

@ Springer

systematic review of risk factors for Long COVID high-
lighted a greater risk of adverse events for racial and ethnic
minorities, as well as heightened risk from decreased fam-
ily earnings and increased family-caregiver responsibilities
[9]. The pandemic has particularly affected people’s ability
to socially connect with others, which may have increased
their risk of Long COVID [31]. Indirect measures of social-
support-related factors have documented associations with
long COVID, such as being previously married, greater
loneliness, and less reported social support about a year into
the pandemic [31]. Long COVID may further exacerbate
this social disconnection by dint of being too sick to engage
in activities [32] and also having adopted coping strategies
that distance one from others (e.g., disengagement), or that
make one less enjoyable to be around (e.g., emotion-focused
coping such as venting or blaming) [33]. Such maladaptive
coping strategies also lead to worse quality of life (QOL),
anxiety, and depression [33]. Individuals with long COVID
also often face stigma from those around them in both the
community and medical settings [34].

The present study built on this growing evidence base
by examining correlates of long COVID symptom burden
across multiple dimensions. These dimensions included
well-studied factors such as sociodemographic, QOL, and
psychological well-being. They also included COVID-spe-
cific factors evident from the beginning of the pandemic
(e.g., risk-taking, financial challenges, healthcare disruption,
interpersonal concerns), and those that emerged later in the
pandemic (e.g., perceived changes in priorities and social
norms). We sought to understand what differentiated those
individuals with higher Long-COVID symptom burden with
an eye toward identifying modifiable risk factors possibly
amenable to intervention.

Methods
Sample and design

This study focused on the fourth, final data collection of
a quasi-experimental longitudinal cohort study of the psy-
chosocial impact of the COVID-19 pandemic, while includ-
ing baseline demographic data on variables only collected
once (i.e., unlikely to change). The final data were collected
between January 19 and April 12, 2023. Study participants
were recruited via Rare Patient Voice and Ipsos Insight. By
recruiting from two panel research company sources, we
were able to yield a general-population sample of United
States adults who were heterogeneous in terms of health
(i.e., Rare Patient Voice specializes in rare and chronic dis-
ease samples; IPSOS specializes in general population sam-
ples with or without more common health conditions) and
nationally representative in terms of age distribution, gender,
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region, and income (i.e., IPSOS specifically stratified sam-
pling to ensure these nationally representative distributions).
Participants were not paid monetarily for their participation.
Eligible participants were age 18 or older, able to complete
an online questionnaire, and able to provide informed con-
sent. Additionally, the present work focused on the subset of
individuals who reported having had COVID at least once to
support the attribution of symptom burden to Long COVID.

The survey was administered through the secure
Alchemer engine (www.alchemer.com), which is compli-
ant with the United States Health Insurance Portability and
Accountability Act. The protocol was reviewed and approved
by the WCG Independent Review Board (#2021164), and all
participants provided informed consent prior to beginning
the survey.

Measures

Demographic characteristics included year of birth to com-
pute age, gender, with whom they live, cohabitation/mari-
tal status, race, ethnicity, education, height and weight (to
compute body mass index), reported difficulty paying bills,
employment status, smoking status, year of chronic illness/
comorbidity diagnosis if applicable, number of comorbidi-
ties, and whether they were a patient, caregiver, both, or
neither.

COVID-specific clinical characteristics included whether/
how many times the individual had COVID, COVID vac-
cination and booster history, whether they believed they had
Long COVID, perceived knowledge about Long COVID,
whether they had seen a healthcare provider for a Long
COVID evaluation, and whether they had received treatment
for Long COVID from a healthcare provider.

Long COVID symptom burden was assessed using a set of
20 questions from the Centers for Disease Control website
[2]. One item regarding change in menstrual cycles was only
pertinent to individuals who menstruate. Response options
ranged from 1 (Strongly Disagree) to 5 (Strongly Agree),
with a Neutral option given a score of 3.

COVID-Specific Variables included selected items com-
piled by the US National Institutes of Health (NIH) Office
of Behavioral and Social Sciences Research and the NIH
Disaster Research program [35]. Supplemental Text pro-
vides full description of the COVID-specific variables, and
supplemental Tables 1 and 2 provide a full listing of the
items and the alpha reliability coefficients for each COVID-
specific index:

QOL was assessed using the Patient-Reported Outcome
Information System (PROMIS)-10 with subscales for physi-
cal health and mental health [36], and the NeuroQOL Adult
Applied Cognition Executive Function and General Con-
cerns short-forms v1.0 [37]. Well-Being was assessed using
the NeuroQOL Adult Positive Affect and Well-Being 7-item

short-form [37]; the DeltaQuest Wellness Measure [38]; and
the Ryff Psychological Well-Being Environmental Mastery
subscale 7-item version; [39].

Data analysis

Descriptive statistics summarized the demographic, long
COVID symptom-burden items, COVID-specific behav-
iors, and QOL variables. To address selection bias between
those included versus excluded from the present study (i.e.,
those who reported having had COVID (analytic sample) as
compared to those who reported never having had COVID),
group differences in demographic variables were com-
pared using chi-squared analyses for categorical variables
and analysis of variance models for continuous variables.
As reported in an earlier paper [40], data reduction (fac-
tor analysis with varimax rotation) was used on the closed-
ended questions about perceived changes in priorities,
social norms, and life stress (see Supplemental Table 2). A
cut-point of 0.50 was used for including an item in a factor
score, corresponding to medium loadings [41]. For the pre-
sent work, all COVID-specific variables and QOL variables
were scored and/or transformed to be on a T-score metric,
with a mean of 50 and standard deviation of 10, for ease of
comparability and interpretability.

Latent profile analysis (LPA) [42] was used on 19 of the
20 the Long COVID symptom-burden items. Because the
item regarding change in menstrual cycles would only have
been pertinent to individuals who currently menstruate,
it was not included in the LPA analysis. LPA is a person-
centered method, in contrast to a variable-centered method
such as factor analysis. It was used to identify subsets of
persons with shared characteristics (i.e., severity of Long
COVID symptoms) using all but the menstrual-change item
from the original CDC listing so that all items were relevant
regardless of sex. We tested models of one through eight
profiles and selected the best fitting model based on a com-
bination of criteria including the Akaike Information Crite-
rion (AIC) and Bayesian Information Criterion (BIC) statis-
tics, with lower values being better; the Lo Mendell Rubin
Adjusted Likelihood Ratio Test (LRT) results which evalu-
ates whether a model with k+ 1 classes offers an improved fit
over a model with k classes; the entropy statistic, with higher
values being better; the expected proportion of individuals in
each class; and the face validity of the profiles [43]. Mplus
was used to estimate the most likely profile for each person.

Bivariate analyses
We used the profiles resulting from the final LPA model to
examine bivariate relationships between the profiles and the

set of demographic, COVID-specific, and QOL variables
described above, using chi-squared analyses for categorical
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Table 1 Demographic characteristics by symptom-burden group (n=656)

Low Sx Medium Sx High Sx Eta? or
Variable Burden Burden Burden Cramer's
(n=321) (n=255) (n=80) V**
Mn SD Mn SD Mn SD
Age 57.1 14.0 52.8 12.3 51.7 123 0.03
Missing
Body Mass Index (at baseline) 28.4 6.6 31.3 8.4 30.6 9.4 0.03
Missing
Comorbidities 3.7 2.5 5.2 24 6.5 27 0.13
Missing
Time Since Diagnosis (diagnosis 7.8 125 167 11 20.2 131 0.01
date reported at baseline) ’
Category
Role Patient 195 177 54 0.1
Caregiver 56 43 8
Both 12 10 8
Neither 58 25 10
Missing 0 0 0
Gender* Male 62 27 10 0.12
Female 259 228 70
Race White 297 235 66 0.10
Person of color/multiracial 19 15 8
Prefer not to answer 5 5 6
Hispanic Ethnicity Not Hispanic 303 246 7 0.09
Hispanic 11 6 6
Living Alone Yes, living alone 38 32 11 0.02
Marital Status Never Married 28 33 14 0.1
Married or Cohabiiting 232 159 45
Separated or Divorced 34 46 14
Widowed 26 15 6
Difficulty Paying Bills Not at all Difficult 214 110 19 0.26
Slightly Difficult 66 54 19
Moderately Difficult 26 38 18
Very Difficult 8 23 9
Extremely Difficult 5 21 14
Not applicable/Prefer not to answer 2 9 1
Employment Status Employed 160 119 27 0.21
Unemployed 19 21 5
Retired 103 46 11
Medically Disabled 37 63 36
Do not know/Prefer not to answer 2 6 1
Education (at Baseline) Less than high school graduate 2 1 1 0.13
High school diploma/GED 29 26 11
Trade or technical degree 22 19 6
Some college 52 73 26
College degree 109 69 17
Postgraduate degree 105 67 19
Currently Smoke or Vape Not at all 293 227 66 0.09
Some days 10 7 7
Every day 16 20 7
Prefer not to answer 2 1 0

GED = General Educational Development (i.e., high-school equivalency test)SD = standard deviation

Mn= mean; SD = standard deviation
* Excluded Other and Prefer not to answer due to very small sample sizes.

Legend: Effect Size
Small Medium

**Eta? summarizes explained variance from ANOVA models using continuous variables, and Cramer's V

summarizes effect size for chi-squared analysis of categorical variables.

variables and analysis of variance models for continuous
variables. Effect sizes (ES) were used to facilitate interpre-
tation, using Cohen’s cut-offs for explained variance (eta?)

[44].
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Multivariate analyses

We implemented a series of multinomial logistic regres-
sion models to examine the unique contribution of the
demographic variables and COVID-specific factors to
Long COVID symptom burden. The dependent variable
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Table 2 COVID-specific clinical characteristics by symptom-burden group (n=656)

Low Symptom Medium Symptom High Symptom
Variable Burden Burden Burden Eta’ or
(n=321) (n=255) (n=80) Cramer's V*
Mean SD Mean SD Mean SD
Number of Times Has Has COVID 1.25 0.525 1.39 0.683 1.54 0.841 0.02
Number of COVID Vaccinations 2.51 1.403 2.29 1.299 229 1.642 0.01
Category
Received a COVID vaccine No 42 24 13 0.07
Yes 276 225 65
Do not remember 3 6 2
# Missing 0 0 0
Received 1+ COVID booster No 69 54 25
Yes 246 192 53
# Missing 6 9 2
Have Long COVID Definitely not 164 36 6 0.39
Probably not 90 78 12
Probably yes 16 50 25
Definitely yes 6 27 22
Do not know 24 40 11
# Missing 21 24 4
Knowledge about Long COVIDt Not at all knowledgeable 22 22 10 0.12
Slightly knowledgeable 66 77 14
Somewhat knowledgeable 92 60 22
Moderately knowledgeable 94 51 21
Very knowledgeable 25 17 9
Not sure / Prefer not to answer 1 1 0
# Missing 21 27 4
Healthcare provider's evaluation regarding whether you
have Long COVID Not seen a healthcare provider about this 238 165 29 0.29
Seen a healthcare provider but | did not 12 22 14
receive a clear explanation
Healthcare provider has told me that it 29 10 2
unlikely that | have Long COVID
Healthcare provider has told me that | may 8 20 13
have Long COVID but it is not certain
Healthcare provider has told me that | 4 8 10
definitely have Long COVID
Do not know / do not remember 7 2 7
# Missing 23 28 5
Treated for Long COVID by healthcare provider Yes, treated 3 9 12 0.19

*Eta2 summarizes explained variance from ANOVA models using continuous variables, and Cramer's V summarizes effect size for chi-squared

analysis of categorical variables.

Legend: Effect Size

t Item wording was "Which of the following best describes your level of knowledge about Long COVID?" Small  Medium Large

was symptom-burden profile group (created using LPA
as described above), with Low Symptom Burden as the
referent. First, all demographic variables were tested
simultaneously and only the significant variables were
retained. Second, the COVID-specific factors were tested
separately by domains corresponding to Challenges; Inter-
personal; Perceived Changes in Priorities and Norms; and
Stress. Third, the significant variables from each domain
were tested simultaneously (penultimate model) and then
only statistically significant variables across all domains
were retained in the final model. This modeling approach
for winnowing down the number of variables retained
across multiple domains is similar to one recommended
by Hosmer and Lemeshow [45]. In contrast to the bivari-
ate analyses which were done with a primarily descrip-
tive goal, the multivariate models were done with the goal
of identifying unique contributions of the variables that
assessed distinct constructs from the symptom-burden pro-
files. Accordingly, QOL and well-being outcomes were
not considered in this multivariate model because they

assessed constructs too similar to the symptoms underly-
ing the symptom-burden profiles. (For further clarification,
see Wilson and Cleary’s 1995 conceptual model [46] to
clarify how symptoms, functional status, general health
perceptions, and overall quality of life are proximal con-
cepts.) Results will be presented in descending order of
the magnitude of the odds ratio (OR) for retained predic-
tors. Even though this is a cross-sectional study, we will
use the terms “risk” and “protective” factors to highlight
circumstances and experiences associated with vulnerabil-
ity within groups most affected by Long COVID. Further,
it should be noted that while COVID-specific variables
were all standardized and thus on the same T-score metric,
age and comorbidities were not, so the ORs for the latter
two would not be directly comparable to those from the
COVID-specific variables.

Statistical analyses were implemented using IBM SPSS
version 29 [47], Mplus version 8.8 [48], and Microsoft
Excel.

@ Springer



Quality of Life Research

Results
Sample

The final follow-up study sample included 1197 individ-
uals. As reported in our earlier paper [40], this sample
reflects 25.3% of the baseline sample (n=4757), 69.1%
of the follow-up 1 sample (n=1734), and 95.5% of the
follow-up 2 sample (n=1255). A comparison of the soci-
odemographic characteristics of the overall (baseline)
study sample and the participants of this final follow-up
data collection revealed that the 1197 retained study par-
ticipants were less likely to report difficulty paying bills,
were more likely to report having a college or postgradu-
ate degree, and were older [40]. Compared to those who
had never had COVID, and were thus excluded from the
present study, the sample was younger, more likely to be
a caregiver, less likely to be living alone, endorsed more
difficulty paying bills, were more likely to be employed,
and less likely to have completed college or more edu-
cation (see Supplemental Table 3). In terms of reported
comorbidities, the study sample compared to those who
never had COVID were less likely to report comorbidi-
ties of back pain, high blood pressure, cancer, or kidney
disease, and more likely to report comorbidities of depres-
sion and/or asthma (see Supplemental Table 3). As noted
above, analysis for the present work focused on male or
female identifying participants who reported having had
COVID at least once (n=656, 54.8% of the final follow-
up sample). The alpha reliability of the COVID-specific
indices was generally acceptable, but low for the indices
with only two items—Maladaptive Coping and Substance

Strongly agree 5

Use Increase — which is not uncommon (Supplemental
Table 1). The descriptive statistics on the demographic,
COVID-specific characteristics, and symptom-burden
items for the study subsample are provided in Supplemen-
tary Tables 3, 4, and 5, respectively.

Latent profiles

The three-profile model had the best model fit statistics and
made conceptual sense, reflecting low, medium, and high
symptom burden, with the low symptom burden group
likely not having Long COVID. Figure 1 shows the mean
symptom endorsement across the 19 listed symptoms by
symptom-burden profile. Notably, the high symptom-burden
profile had peaks for fatigue, joint or muscle pain, and a new
health problem, whereas the medium symptom-burden pro-
file peaks comprised these symptoms, albeit at lower levels
of endorsement, as well as brain fog, sleep problems, and
depression/anxiety (Fig. 1).

Bivariate analyses

Results of bivariate analyses comparing the three symptom-
burden profile groups revealed many differences. Table
values were conditionally formatted to highlight the small,
medium, and large ES of the magnitude of eta® estimates.
More color saturation reflects larger ES. To facilitate the
reader’s task, results will be presented in order of ES, from
large, to medium, to small.

In terms of demographic differences (Table 1), people
in the high symptom-burden group were more likely to
report more comorbidities (medium ES); being of younger
age, higher body mass index, being both patient and

45

4

3.5

Neutral 3

25

2

15

Strongly disagree 1
———O——Class 1, 48.2%
———f——Class 2, 38.6%
———L———Class 3, 13.1%

0.5

0

Low symptom burden
Medium symptom burden
High symptom burden

1 Tiredness or fatigue

2_Fever that comes and goes

3_Difficulty breathing (shortness of breath)

4_Cough thatwill not go away

5_Chest pain

6_Fast-beating or pounding heart (heart palpitations)
7_Difficulty thinking or concentrating (“brain fog”)
8_Headache that comes and goes daily

9_Sleep problems

10_Dizzy when | stand up (lightheadedness)
11_Pins-and-needles feelings

12_Change in the way things smell and/or taste

13 Feltdepressed and/or anxious

14 Diarrhea

15_Stomach pain

16_Jointand/or muscle pain

17_Rash or rashes

18_Symptoms get worse after physical and/or mental effort (also known as
“post-exertional malaise”)

19_Diagnosed with a new health problem(s) since having had COVID (e g,
diabetes, heart conditions, neurological conditions)

—T— T 1 T I T T T T T T T I T
©O - N ® ¥ 1O © ~ ©o ®© O - o ® ¥ ©

Fig.1 Symptom-burden profiles derived from latent profile analysis.
The item response options are shown on the y-axis, with a solid black
line at “3” reflecting “Neutral” endorsement. Item means above the
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“Neutral” endorsement would thus reflect people in this group report-
ing having the symptom, whereas means below the line would reflect
not having the symptom
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caregiver, never being married, having greater difficulty
paying bills, being disabled from work, and not having a
college degree (all small ES). Males were more likely to be
in the low symptom-burden group (small ES). There were
no symptom-burden group differences on time since diag-
nosis, race, Hispanic ethnicity, whether one lived alone, or
smoking/vaping status.

Bivariate analyses comparing COVID-specific clinical
characteristics (Table 2; Fig. 2) revealed that symptom-
burden profile membership aligned with the participant’s
belief that they have Long COVID (large ES) and with
Long-COVID diagnosis confirmation and treatment by a
healthcare provider (both small ES). People in the high
symptom-burden group reported having had COVID mul-
tiple times (small ES). In terms of perceived knowledge
about Long COVID, people in the low symptom-burden
group were more likely to report being moderately knowl-
edgeable whereas those in the medium symptom-burden
group were more likely to report being slightly knowledge-
able (small ES). There were no symptom-burden group
differences on COVID vaccination and booster history.

Regarding COVID-specific variables, bivariate analyses
revealed that people in the higher symptom-burden group
were more likely to report greater Financial Hardship,
Worry, Financial-Hardship Stress, and Health/Healthcare
Stress (all large ES; Table 3; Fig. 2), and they were more
likely to report greater Healthcare Disruption, Maladaptive
Coping, Family Relationship Stress, and Racism/Inequity
Stress, and Less Social Support (all medium ES). Addi-
tionally, they were more likely to report engaging in more
Risk-Taking Behavior, such as going out socially, but also
more Protection, such as wearing masks in public (both
small ES). They also reported more Interpersonal Con-
flict and less Salutogenic Coping (both small ES). They
reported a similar Substance Use Increase score as the
low symptom-burden group, but greater than the medium
symptom-burden group (small ES).

Fig.2 Mean T-scores of unad-
justed outcomes by symptom-
burden profile

Social Support

Family Relationship
Problems

Racism/Inequity

Maladaptive Coping

Healthcare disruption

In terms of perceived social changes, the high symptom-
burden group reported greater endorsement of the impor-
tance of Inner Life and Relationships, lower Confidence in
Public Health Strategies for Preventing COVID, and Higher
Perceived Public Incivility Due to COVID (all small ES).
With regard to QOL and well-being outcomes, the high
symptom-burden group reported substantially worse physi-
cal health, mental health, cognitive functioning, positive
affect/well-being, wellness, and environmental mastery (all
large ES; Table 3; Fig. 2).

Multivariate analyses

The full output of the series of multivariate modeling is pro-
vided in Supplemental Tables 7 and 8, and the final model is
shown in Table 4. Risk factors for being in the high symp-
tom-burden group included Financial Hardship, Worry,
Risk-Taking, Comorbidities, Health/Healthcare Stress, and
younger age (ORs 3.44, 1.72, 1.67, 1.34, 1.10, and 0.97,
respectively). In contrast, Social Support was protective
against being in the high symptom-burden group (OR 0.67).
As a person’s age increases by one year, the probability of
being in the medium symptom-burden group relative to the
low symptom-burden group decreases by 3%. Further for
each additional comorbidity, a person is 34% more likely to
be in the medium symptom-burden group relative to the low
symptom-burden group. Figure 3 illustrates these findings
with a line graph such that ORs above the dotted line reflect
risk factors and those below reflect protective factors.

Risk factors for being in the medium symptom-burden
group were similar in order but smaller in magnitude, with
the exceptions that Risk-Taking and Social Support were
not statistically significant, whereas lower Substance Use
Increase was a protective factor (OR 0.72). As a person’s age
increases by one year, the probability of being in the medium
symptom-burden group relative to the low symptom-burden
group decreases by 2%. Further for each additional comor-
bidity, a person is 15% more likely to be in the medium

PROMIS Physical Health

PROMIS Mental Health

Applied Cognition Score

Neuro-QOL Positive Affect &

N Low Symptom Burden
Well-Being

Medium Symptom Burden
e==High Symptom Burden

DQ Wellness

Ryff Environmental Mastery
Score

Hardship
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Table 3 Bivariate associations among COVID-specific variables and QOL outcomes and symptom-burden group (n=656)

Variable Low Symptom Medium Symptom High Symptom

Domain Burden Burden Burden Eta®*
(n=321) (n=255) (n=80)
Mean SD Mean SD Mean SD

Protection 47.46 10.16 50.01 9.76 52.31 10.41 0.03

Risk-Taking 51.28 9.59 49.41 8.98 54.09 15.11  0.02
COVID-specific Challenges Financial Hardship 47.53 6.85 53.17 12.17 59.87 13.49

Healthcare Disruption 48.21 7.90 52.13 11.59 58.75 1377 0.10
e _._ Moy L _! 4524 839 _ 5337 _ 990 _ 5723 973

Social Support 52.75 8.36 48.40 10.66 43.63 11.66  0.09

Post-Traumatic Growth 50.03 10.35 50.47 9.81 49.51 10.26 0.00
COVID-specific Interpersonal Interpersonal Conflict 48.74 7.81 52.40 11.70 55.76 17.03 0.05

Salutogenic Coping 51.59 10.05 47.35 9.60 47.32 9.56 0.04

Maladaptive Coping 48.00 9.19 53.55 10.96 53.02 1054 0.07
e _.______SubstanceUselncrease _ _ _ _____________ 5126 957 _ 4915 981 5139 1202 0.01_|
COVID-related Perceived Changes  |nner Life & Relationships 4856  10.36 51.59 9.20 52.90 8.74 0.03
o b .. 5006 _ 918 485 _ 1053 _ 5066 _ 11.53 0.1 |
COVID-related Perceived Changes  pypiic Health Confidence & Consideration 50.63 9.62 48.44 8.90 4914 12,08 0.01
in Social Norms Trust in Leaders and Media 5002  10.02 48.03 9.63 4836 1020 0.01
e _._.______Publicincity _ __ _______ _____________4528 _ 843 _ _ 5418 933 | 5979 916 _0.05

Health/Healthcare Stress 45.28 8.43 54.18 9.33 59.79 9.16
COVID-related Stress Racism/Inequity Stress 47.90 8.43 51.30 9.85 55.84 13.83  0.07

Financial Hardship Stress 47.30 8.39 53.96 9.90 58.82 10.54
oo __.___.__fFamiyRelationship Stress _ __ _ __  _________4827 _ 849 _ _ 5301 _ 1077 _ _ . 56.03 _ 1120 _0.08
Quali . PROMIS Physical Health 47.51 8.54 38.33 7.80 33.90 7.15

uality of Life

PROMIS Mental Health 42.29 9.67 49.89 9.03 41.02 8.89
oo ___NeuroQOL Applied Cognition 2464 1008 3638 1348 45.03 1430
\Well-Being Neuro-QOL Positive Affect & Well-Being 55.31 7.19 48.85 7.06 47.92 8.78

DQ Wellness 55.27 7.73 46.95 7.72 45.65 8.43

Ryff Environmental Mastery Score 53.90 8.84 45.13 9.25 42.09 8.74
*Eta2 summarizes explained variance from ANOVA models using continuous variables. Legend: Effect Size

Small Medium Large

symptom-burden group relative to the low symptom-burden
group.

Discussion

The present study findings highlight the importance of
social determinants of health and social capital in the
Long COVID symptom experience. While bivariate
analyses pointed to similar demographic risk factors for
higher Long COVID symptom burden as found in numer-
ous other studies, many of these demographic character-
istics were dropped from the multivariate model because
they shared variance with other variables. For example,
the only demographic variable retained in the final model
was age (Table 4), whereas role, body mass index, gender,
education, smoking status, marital status, financial diffi-
culty, and employment status were not retained (Supple-
mental Table 4). Of these, COVID-related Financial Hard-
ship would have shared variance with (generic) financial
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difficulty. What remained in the model predicting higher
symptom burden pointed particularly to the damaging
effects of Financial Hardship. Indeed, Financial Hardship
was associated with more than three times the risk of high
versus low Long-COVID symptom burden.

Similarly, many COVID-specific stress factors that were
bivariate predictors of Long COVID symptom burden in
bivariate analyses were dropped from the multivariate
model. One of the remaining factors, Risk-Taking, was asso-
ciated with 1.72 times the risk of being in the high symptom-
burden as compared to low, but it had no predictive impact
for being in the middle symptom-burden group. This finding
may reflect a more political aspect of social determinants of
health, in that U.S. political party has been found to be pre-
dictive of whether or not one disregarded social-distancing
recommendations of public health officials early in the pan-
demic and was also associated with higher mortality rate
during COVID [49].

Social capital was also implicated in our analysis. This
concept reflects how much potential an individual has for
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Table 4 Final multinomial
regression model®* (n=642)

Participant’s most likely long COVID symptom profile

Medium symptom burden High symptom burden
Odds ratio Sig Odds ratio Sig
Intercept 0.001 0.000
Age 0.98 0.014 0.97 0.025
Comorbidities 1.15 0.001 1.34 0.000
COVID-related risk taking 1.01 0.957 1.67 0.003
COVID-related financial hardship 2.29 0.003 3.44 0.000
COVID-related worry 1.59 0.004 1.72 0.022
Social support 0.90 0.298 0.67 0.006
Substance use increase 0.72 0.005 0.83 0.260
Health/healthcare stress 1.06 0.000 1.10 0.000
Model fit: likelihood ratio chi-square
Intercept only 1251.38
Final model 298.78
df 16.00 0.00
Pseudo R-square
Cox and Snell 0.37
Nagelkerke 0.43
McFadden 0.24

“Referent is Low Symptom-Burden group

change in their “socio-location” at a given point in time [50].
It is pertinent to the impact of Long COVID because low
social capital means the impact of Long COVID may be
magnified [9]. In our multivariate model, COVID-related
Worry was associated with 1.59 and 1.72 times the risk of
middle and high symptom burden, respectively, as compared
to low. This scale reflects the individual’s reported feelings
of isolation, grumpiness, concern about further COVID
infection, and being distracted by such concerns. Independ-
ent of Worry, having a strong social-support network had a
protective effect against being in the high symptom-burden
group, as compared to low, reducing this risk by about one
third. However, there is also the possibility that those with
higher Long COVID symptom burdens are feeling more
worried and have less social support due to their illness, in
part possibly due to stigma regarding Long COVID [34].
These individuals have more acutely experienced the nega-
tive impact of COVID directly and are justifiably concerned
about further infection. In prior studies, Long COVID
patients have expressed concerns about new limits on their
social life as their health has changed and having their ill-
ness misunderstood or even dismissed by friends and family
[32]. These experiences could understandably have adverse
psychological impacts.

In contrast to other research, our study found that
younger age, rather than older age, was associated with
worse symptom burden. In our sample, the average age of
the high symptom-burden group was about 52 whereas the

low symptom-burden group had an average age of about 57.
Thus, this contrast with past research may reflect a drill-
ing down of age-related risk profiles in a relatively older
sample. Alternatively, this finding may reflect the fact that
younger people have different standards of comparison for
what symptoms are “normal.” For example, unlike older
individuals who might expect or habituate to feeling tired,
the younger individuals might experience the same level of
symptoms as more disruptive or unanticipated. This idea is
similar to Rose et al.’s argument for why classifying indi-
viduals as having impaired health must account for age and
gender norms [51].

Our multivariate findings echoed earlier studies that
documented the heightened risk of having more comorbidi-
ties [12] as well as health/healthcare stress [52]. Of note,
our entire sample reported large numbers of comorbidities
(sample mean=4.6, SD=2.7), so that there was a restriction
of range. Nevertheless, even in this narrow range, additional
comorbidities were associated with higher Long COVID
symptom burden. Further, several of the more prevalent
comorbidities (e.g., arthritis, depression, insomnia) are also
symptoms consistent with and perhaps exacerbated by Long
COVID (see Supplemental Tables 3, 5).

Given the patterns noted in contrasting the bivariate and
multivariate results, our findings suggest that many social
determinants of health overlap considerably with Financial
Hardship, Risk-Taking Behavior, Worry, and Social Support.
We believe that these findings underscore the substantial
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Results of Multivariate Multinomial Logistic
Regression:
Odds Ratios for Demographic and COVID-Specific Factors
Predicting Symptom Burden Profiles

Note: All comparisons had statistically significant Likelihood Ratio tests (p<0.05).
Referent is Low Symptom Burden group. QOL Stress reflects reported stress related to physical,
mental, and social stress, as well as constraints getting proper medical care and public services.

Fig. 3 Odds ratios for demographic and COVID-specific factors predicting symptom burden profiles

role in symptom experience played by modifiable social and
behavioral factors. Based on findings from earlier work on
this same study sample [40], individuals reported notable
changes in priorities and social norms over the course of the
pandemic, all of which may have lasting effects on social
support, and trust in public-health and political leadership.

These findings may also point to the importance of psy-
chological mechanisms in Long COVID because psycho-
logical distress is a documented risk factor of Long COVID
[53], and because intolerance of the current state of uncer-
tainty regarding Long COVID may constitute a shared vul-
nerability factor for both psychological distress and persis-
tent symptoms [30]. Further, psychological features may be
critical in subtyping patients and symptoms and thus in iden-
tifying relevant biomarkers of Long COVID [30]. Finally,
a better understanding of these underlying psychological
mechanisms may help relieve patients [30].

Modifiable mechanisms could thus be the target of
already validated therapeutic interventions [30]. Indeed, we
believe that our findings suggest the need for multi-pronged
support in the absence of a cure, such as symptom pallia-
tion, telehealth, social services, and psychosocial support.
Is it possible, for example, that such multi-pronged support
could both attenuate prominent symptoms such as fatigue
and brain fog, while helping to rebuild the tenuous social
fabric of communities that suffered so significantly due
to COVID-related isolation. Regardless of the proposed
therapeutic method, however, patients suffering from Long
COVID should be included in rehabilitation programs to
identify treatable physical, emotional, cognitive, and social
traits [54]. Future research might focus on developing and
testing such interventions using methods that build the
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intervention in collaboration with stakeholders, such as
using a comprehensive dynamic trial model [55].

Limitations

The present study limitations should be noted. First, the attri-
tion from baseline is notable and the causes for this attrition
remain unknown. While it could be due to the usual reasons
hindering survey research (e.g., lack of interest or time),
it is also possible that it is due in part to COVID-related
mortality because of the substantial numbers of such in the
United States [56, 57], and because the study sample had
a large number of chronic comorbidities, and people with
chronic illness were particularly at risk of severe COVID
and of COVID-related death [58, 59]. The selection bias
analyses implicated only three characteristics in the attrition
out of 16 considered, and two of these may reflect social
determinants of health (more financial difficulties and lower
education). The study sample is also less representative of
non-white and/or Hispanic individuals, so the generalizabil-
ity of study findings to these race/ethnicity groups is lim-
ited. Compared to those in the final follow-up sample who
never reported having had COVID and thus were excluded
from the present study, the analytic sample differed in 5 of
13 characteristics considered, the same two of which may
reflect social determinants of health. They were also more
likely to report two comorbidities that can be exacerbated
by COVID (depression, asthma). A further limitation is that
the alpha reliability of two of the COVID-specific factors
was quite low (i.e., 0.29 and 0.15), which may have attenu-
ated relationships with the dependent variable in the mul-
tivariate analyses [60]. Finally, the causal direction of the
detected correlates of worse Long COVID symptom burden
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is unknown. For example, as noted above, social support had
an OR consistent with a “protective effect,” but this same
OR could be interpreted as simply reflecting that those with
higher Long COVID symptom burdens feel less social sup-
port due to their illness. These relationships may also be
bidirectional. The present findings might thus be consid-
ered hypothesis-generating to be tested in longitudinal data
that tracks the emergence of Long COVID symptoms over
time and what baseline and later factors lead to worse Long
COVID symptom burden over time. Nonetheless, our find-
ings demonstrate the co-occurrence of physical, psychologi-
cal, and social challenges in the Long COVID experience.

Conclusions

Long-COVID symptom burden is associated with substan-
tial, modifiable social and behavioral factors. Most notably,
Financial Hardship was associated with more than three
times the risk of high versus low Long-COVID symptom
burden. These findings suggest the need for multi-pronged
support in the absence of a cure, such as symptom pallia-
tion, telehealth, social services, and psychosocial support.
Even if effective treatments for Long COVID symptoms are
identified, socioeconomic and psychological sequelae of the
pandemic would also need to be addressed.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11136-024-03739-4.
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